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FOREWORD

This report presents Students’ Items Response Analysis (SIRA) on Form Two
National Assessment in Mechanical Engineering subjectwhich 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 Mechanical
Engineering.

The Form Two National Assessment (FTNA) is a formative evaluation which intends
to monitor students’ learning and to provide feedback that teachers, students and other
educational stakeholders can use to improve teaching and learning processes. This
analysis shows justification for the students’ performance in the Mechanical
Engineering subject. It reveals that students had good performance in the topic of
workshop management and safety rules. However, when it comes to engineering
materials, their performance is poor. Factors that affected the students' responses
include the students' failure to understand the demands of the questions, insufficient
knowledge on some tested subject matters and a lack of mechanical skills.

The analysis shows that most of the students who scored high marks were able to
identify the demands of each question, had enough knowledge of the assessed subject
matter, and were proficient in the English language. However, the students who
scored low marks lacked such attributes. Furthermore, the report explains the reasons
why some students provided either good or poor responses. Extracts from each case
are attached to justify the students’ performance.

The Council believes that the report will be used by stakeholders especially teachers
who in turn will maximise the teaching and learning processes so as to attain the
required instructional objectives. The Council appreciates the efforts made by all who,
in one way or another, contributed to the preparation of this report.
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1.0 INTRODUCTION

This report analyses the students' performance on the Form Two National
Assessment (FTNA) in Mechanical Engineering, which was administered in
November 2022. The assessment measured the competencies that the Form
Two students had attained in accordance to Mechanical Engineering Secondary
Education Syllabus which was issued in 2019.

The Mechanical Engineering assessment paper had three sections: A, B and C,
all of which comprised of 10 questions. Section A had two (2) objective
questions(1 and 2). Question 1 consisted of ten multiple-choice items
constructed from seven topics.Each item carried 1 mark. Question 2 consisted
of five homogeneous matching-itemsconstructed from the topic of Workshop
Management and Safety Rules. Each item carried 1 mark, making a total of 15
marks. Section B had seven short-answer questions, each carrying 10 marks.
Section C had one question weighingl5 marks. The students were required to
answer all questions.

A total of 424 (100%) students sat for the assessment where, 297 (70.05%)
passed. Further analysis showing the pass grade basing on sexis presented in
Tablel.

Tablel:Students'Performancein Mechanical Engineering Subject

Sex Grades Passed
A B C D F Number| Per cents
M 1 6 119 135 88 261 74.79
F 0 0 11 10 39 36 48.00
Total 1 6 130 110 127 297 70.05

Table 1 shows that there was a large number of students who scored grades
C,D and F and only a small number scored grades A and B.

However, the students’ performance was interpreted based on the typical ranges
of marks earned by students. If the scores ranged from 0 to 29 marks, the
performance is regarded as weak. Moreover, if the scores ranged from 30 to 64
marks and from 65 to 100 marks, the performance was considered average and
good, respectively. For illustration in figures and tables, red, yellow, and green
colors are used to represent weak, average, and good performance,
respectively.

The report also analyzes the students’ responses to each question by explaining
the requirement of the question, the percentage of the students who attempted

the question, their scores, and the reasons for such performances. Extracts from
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the students’ scripts, graphs, charts, and tables are inserted to illustrate the
reported information. Lastly, the report provides appendices I, II, 11, IV, and
V showing the students’ performance questionwise, general performance,
description of performance in each question, overall performance, and
comparison of performance gradewise for the years 2021 and 2022.

20ANALYSIS OF THE STUDENTS’ PERFORMANCE IN EACH
QUESTION

This part covers the type of questions; topic from which the questions was
constructed, competencies test, the requirements of each question and the
percentages of the students who had weak, average or good performance based
on their responses.

2.1 Section A: Objective Questions

This section is comprised of two (2) questions carrying a total of 15 marks.
Question 1 consisted of 10 multiple-choice items constructed from various
topics, each item carrying 1 mark. Question 2 included five (5) matching
items from the topic of workshop management and safety rules, each worth
one mark.

2.1.1 Questionl1: Multiple Choice Items

This question consisted of ten multiple-choice items (i-x) which were from
the following topics:Engineering Materials, Workshop Tools and Equipment,
Workshop Management and Safety Rules, Mechanical Engineering Jobs and
Occupations, Introduction to Science, Engineering and Technology, and
Metal Work Technology.Students were instructed to choose the correct
answer from among the given alternatives by writing its letter in the box
provided. Each item carries 1 mark.

The question was attempted by 424 (100%) students,whose scores were as
follows: 7 (1.65%) students scored from 0 to 2 marks, 243 (57.31%) scored
from 3 to 6 marks and 174 (41.03%) scored from 7 to 10 marks. Generally,
students' performance in this question was good since 417 (98.35%) students
scored from 3 to 10 marks. This performance is summarized in Figure 1.



1.65%

Scores
range

57.31% H(0-2.0
% 3.0-6.0
®7.0-10

Figure 1:Students Performance in Question 1

Despite of the students' good performance in this question, 1.65 percent of
the performance isweak due to number of reasons.The following is the
analysis of students' responses for each item:

Item (i), was set from the topic of Engineering materials.Students were
required to apply their knowledge of engineering materials to identify various
types of raw materials used for the production of pig iron in the blast furnace.
The item measures the students' ability to analyse different engineering
materials and their applications. The question was:

Which materials are used to charge the blast furnace during the production
of pig iron?

A Coke, limestone and iron ore B Coke, limestone and slag
C Steel scraps, limestone and coke D Limestone, air and pig iron

The correct response was A: coke, limestone, and iron ore. Students with
knowledge of the materials charged in the blast furnace, as well as those with
knowledge of the various metalurgical items and their applications, chose
this correct response.However,those who opted Alternative B were confused
with the term "slag.” They strayed by thinking that slag is the byproduct of
the smelting process in the blast furnace. Those who chose distractor C, Steel
scraps, limestone and cokewhereby misled "Steel scraps™ which was the raw
material used in the production of steel and other iron alloys. Those who
selected distractor D, Lime stone, air and pig iron did not understand that air
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is an additional source that helps alter reactions but is not a core material for
the production of pig iron. Hence, they lacked knowledge of pig iron
production and its resources.

Item (ii) was extracted from the topic of workshop tool and equipment. It
assessed students' skills in using a hacksaw blade with the appropriate
number of teeth per inch. In order to select the appropriate kinds of tools for
the task at hand, the students must apply the bench shop skills they have
mastered. The question was:

You are required to cut a thin metal using hacksaw. Suggest which hacksaw
blade is appropriate to use.

A Blades with tough teeth B Blades with elastic teeth
C Blades with small pitch D Blades with large pitch

The correct response for this item was C, Blades with small pitch. Students
who chose the correct response had knowledge of the type of blade that can
be used to cut thin materials. They were able to identify the types of blades
with close teeth as those used to cut hard and thin materials. For those who
chose alternative A, Blades with tough teeth were comfused by the hacksaw
blade specification because toughness was not one of the appropriate
properties of the materials used to manufacture them. Similarly, the students
opted for an alternative B-blade with elasitic teeth, they didn't know that
elesiticity is not one of the properties of metal cutting blade teeth. Those who
opted for distratcor D, Blade with a larger pitch were unaware that when
blades have fewer teeth per specified space (teeth per inch), they have deeper
spaces between teeth, resulting in a more aggressive chiseling action.
Therefore, when this type of blade is used for cutting thin material, it tends to
break off. This incorrect response from the students suggests that they lacked
sufficient knowledge of the blades and their intended applications.

Item (iii) was set from the topic of Workshop Management and Safety Rules.
It tested the students’ knowledge on how they practiced the safety of
machines and other equipment in the workshop. The question was:

Fixed, interlocking, automatics and trip guards are machine guards used to
ensure safe work environment. Why most of the manufactures prefer to use
an interlocking safety guards than others?

A It provides a tripping device inside the guard.
B Itis operated by the moving part of the machine in which it is fitted.
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C It forms an integral part of the machine a cannot be removed.
D It forms an integral part of the machine a can be removed.

The correct response was C, It forms an integral part of the machine and
cannot be removed. Students who got the answer right were knowledgeable
about workshop management, safety regulations, and the roles that machine
guards play in maintaining a secure working environment and were able to
select the appropriate answer. However, those who lack enough background
on the subject matter choose options A, B, or D. These students were
unaware that an interlocking guard is a safety measure intended to instantly
shut down a machine's moving parts if the guard is removed or opened while
it is in use. Normally, unless the guard is put back in place, the machine
won't be able to start up again. Also, they didn't know how successful this
type of guard can be in enhancing operator safety and significantly lowering
risks, accidents, and injuries at work, which is why the majority of
manufacturers to utilize it.

Item (iv) tested the students’ knowledge in the topic of Mechanical
Engineering Jobs and Occupation. The question was:

Who is responsible to measure, analyze and interpret data for performance
of mechanical components, device and engines in engineering field?

A Technician B Technologist

C Engineer D Artisan

The correct answer was "C, Engineer.” Students who chose the correct
alternative C understood properly the functions of engineers as specialists
who create, design, analyze, construct, test, and evaluate machines, complex
systems, buildings, gadgets, and materials to satisfy functional objectives and
criteria while taking into account practicality, regulation, safety, and cost
constraints. In contrast, those who selected option B, Technologist
misrepresented a technologist's role as a specialist in contemporary
technology, particularly technology related to a specific activity or sector.
For those who selectedalternative D, Artisanwere unable to distinguish
between a mechanical engineer's and an artisan's responsibilities. In fact, an
artisan is a skilled manual worker who employs tools and machinery in a
particular speciality.

Item (v) was set from the topic of Introduction to Science, Engineering and
Technologyand it tested students’ knowledge on the relationship between



science and technology in daily life. It assessed students' understanding of
how these two words are related. The question was:

What is the relationship between science and technology?
A Technology is the application of science

B Science is the application of science

C Science is a major application of technology

D Technology is the major application of science

The correct answer was A: Technology is the application of science. The
students who chose the correct alternative showed a greater understanding of
the relationship between science and technology. Their knowledge aided
them in distinguishing between science and technology, as well as how the
two terms are related. On the other hand, those who selected C, "Science is a
major application of technology,” did not comprehend that there is no
connection between science and technology, proving that they merely failed
to distinguish the terms "science” and "technology" as requirements of the
topic. Those who selected options C and D also lacked comprehension of the
connection between science and technology. The term "major,” which was
used to falsify the entire phrase, lured these students. Failure to choose the
correct answer indicates that they had insufficient knowledge on the topic.

Item (vi) was developed from the topic ofMetal technologyrequire the
students to use knowledge on gas welding plant to give out the purpose of the
gauges installed on it. The question was:

In gas welding, pressure regulators used has two gauges, what are the
function of the gauges?

A To indicate working and gas content in the cylinder

B To vary regulator pressure and cylinder pressure

C To balance regulator pressure and cylinder pressure

D To vary regulator pressure and maintain cylinder pressure

The correct alternative was A, To indicate working and gas content in the
cylinder. Students who chose the correct response understood that the
purpose of installing gauges in gas plants is to indicate the pressures before
and after the regulators. However, those who chose alternative B, To vary
regulator pressure and cylinder pressurefailed to understand that adjustment
screws, open and close valves are tools used to vary the pressure in gas
regulators and cylinders. Students who chose C, To balance regulator
pressure and cylinder pressurelacked knowledge that only inlet and outlet

6



gases are required to be balanced, and the tools used are absorbent filler and
gas regulator.Moreover, those who chose alternative D, To vary regulator
pressure and cylinder pressure did not understand that there are no tools used
for this kind of work in the welding gas plant.

Item (vii) was set from the topic of Engineering Materials. It tested students’
ability on indentifying various types of elements used for alloying ferrous
metals. The question was:

Steel and cast iron are known as ferrous metal which are used in making
different type of metallic components. What them?

A Sulphur content B Carbon content

C Tungsten content D Oxygen content

The correct alternative was B Carbon contents. Students who chose the
correct alternative had sufficient knowledge of ferrous alloys. They
understood that the amount of carbon in ferrous metal is the onethat produces
iron products. Thus the higher the carbon content, the more ferrous alloy is
called cast iron, and the lower the carbon content, the ferrous alloy is called
steel. Those who chose the incorrect response A, sulphur content did not
understand that the presence of sulphur in the ferrous metal will increase
brittleness and reduce weldability but will not make both steel and cast iron
differ. Students who chose altenative C, Tungsten content failed to
understand that tungsten will increase the strength of cast iron and form
carbide in steel, which is suitable for making special metallic
components.Similarly, those who chose alternative D, Oxygen content did
not understand that additional oxygen in ferrous metal make it easyto corrode
and reduce the machineability of cast iron.

Item (viii) was extracted from the topic of Workshop tools and equipment. It
require the students to identify the measuring tools, which include a try
square. The item tested the students’ knowledge of workshop tools and
equipment used in the workshop. The question was:

Which measuring instrument has features of try-square, bevel protractor,
rule and scriber?

A Depth gauge micrometer B Height gauge micrometer

C Combination set D Inside micrometer

The correct answer was altenative C, Combination set. The students who
chose the correct response had knowledge of measuring tool which combines
various tools. On the contrary, students who opted for alternative A, Depth
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gauge micrometer were unaware that this kind of micrometer is used to
determine the depth of slots, holes, and recesses such that it can't be
connectedthe other measuring device. Those who selected alternative B,
Height gauge micrometerdid not understand that this tool serves the same
purpose but in addition italso measures heights and mark items that need to
be worked on, with the pointer being sharpened to serve as a scriber which
help to mark out the work parts. A few students who chose alternative D,
Inside micrometermissed the concept that the inner micrometer's components
cannot be paired with any other gadget. Generally these students lacked
knowledge of workshop tools and equipments.

Item (ix) was set from the topic of Workshop Management and Safety Rules.
It required the students to identify the components that are found in the first-
aid kit. It tested students’ knowledge of safety devices and their components.
The question asked:

Which items are found in workshop first aid kit?

A Pain killer tables, ARVS, Bandage, Scissors and Tincture
B Spirt, Syringe, TB tablets, Gloves and Bandages

C Bandages, Scissors, Pain Killer tablets, Tincture and Spirit
D Condom, ARVs, TB tablets, Gloves and Spirit

The correct answer was alternative C, Bandages, Scissors, Pain killer tablets,
Tincture and Spirit. The students with enough knowledge and familiar with
safety skills chose this altenative. They knew that first aid kit is a collection
of materials and equipment used to provide rapid medical treatment,
primarily to treat accidents and other mild or moderate medical issues.
Likewise, students who opted for the incorrect response A, Pain Killer tables,
ARVS, Bandage, Scissors and Tincture were not aware that an ARVS
acronym for antiretroviral medications tablets which are used to treat HIV
patients and stop the virus from replicating in the body hence, it requires an
expert to administer to pertinent. Simiraly, who opted for B and D were
wrong because TIB tablets are for the treatment of tuberculosis, which also
requires special care in preservation and distribution. While condoms are
used to prevent virus transmission during sexual interactions, As a result, it
couldn't be kept in the first-aid Kkit. These incorrect responses are an
indication of students’ inadequate knowledge of the subject matter.

Item (x) was set from the topic of Mechanical Engineering Jobs and
Occupation.lt requires the students' to identify the personnel who have duties
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of doing various activities in the production processes. The purpose of this
item was to assess the student's knowledge of job titles and descriptions. The
question asked:

The growth of industrial sector in Tanzania depends on the level of
qualification to the workers. Who is responsible to perform routine product
development and coordination of workforce, material and equipment?

A An artisan B Craft person

C Engineer technologist D Technician

The correct answer was alternative C, Engineer technologist. The students
who chose the correct response had sufficient knowledge of various
engineering personnel. Those who chose alternatives A, B, and D failed to
differentiate the responsibilities of an engineer-technologist with those of
other occupations. They failed to understand that among the duties of
engineering technologists is to analyze, modify, test, and apply new and
existing engineering technologies to solve complex issues in consultation
with engineers. Similarly, they didn't know that in the training aspect, they
have similar training to engineers but with a focus on practical applications;
hence, engineers design things and then engineering technologists build
them. Their choice indicates that these students lacked sufficient knowledge
of engineering job descriptions.

2.1.2 Question 2: Matching Items

This question consisted of five matching items derived from the topic of
Workshop Management and Safety Rules. This question required the students
to match the descriptions in List A with their corresponding responses in List
B by writing the letter of the correct response below the corresponding item
number in the table provided. The question was as follows:



2. Match the descriptions in List A with the corresponding response in List B by writing the letter
of the correct response below the item number in the table provided.
List A List B
(i) A thing or situation which may cause injury. A Accident
(ii) An exposure to risk or chance to accident. B Safe guard
(ili) A quality or condition of being safe from danger, injury or | C  Safety
damage. D  Danger
(iv) State of sense or defense against attack. E Caution
(v) An unexpected happening that results in injury. F  Security
G Hazard
H Precaution
Answers
List A i) (ii) (ifi) (iv) v)
List B

Atotal of 424 (100%) students attempted the question and their scores were
as follows: 60 (14.15%) students scored from 0 to 1 mark, 245 (57.78%)
students scored from 2 to 3 marks, and 119 (28.07%) scored from 4 to 5
marks. Generally the students’ performance on this question was good since
364 (85.85%) scored above average. Figure 2 illustrates this data.

Score
Range

H0-1.0

12.0-3.0
57.78% ®4.0-5.0

Figure 2:Students’ Performance in Question 2
Further analysis on the students' performance in each item is as follows:

Item (i), required the student to identify the situation which may cause injury.
The correct response was D, Danger. Students who correctly matched
understood that danger is created by actions that raise the possibility of
contracting a disease or suffering an injury, which can then result in
disability, death, or societal issues. A few students selected G. Hazard. These
students failed to understand that a hazard is a source or scenario that has the
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potential to cause harm to people or the environment, as well as damage to
their property or health.

In item (ii), the students were required toidentify the term which represents
the possible situation which causes an accident. The correct response was G.
Hazard. The students who correctly matched the item understood that
"hazard" is a condition that presents a risk or threat to the environment as
well as an individual’s life, property, or health. However, a few students who
mismatched the item with D, Danger, were unable to distinguish between
danger and hazards. A hazard is something that does not actually exist but
could nevertheless result in an individual suffering harm or infection. It is an
unforeseen and unanticipated encounter or occurrence that could cause
suffering, illness, loss, or harm. On the contrary, danger refers to a situation
in which a person has no guarantee that it will be anything that is obvious or
well-known.

Item (iii) required the students to provide a suitable response that matched
correcly with the phrase "A quality or condition of being safe from danger,
injury, or damage." The correct response was "C," "safety." Students who
managed to match correctly had a clear understanding that "safety" refers to a
situation in which risks and conditions that can cause physical,
psychological, or material harm are under control. A few students who
matchedit withF, Security, failed to distinguish the term “security" as the
actions taken to make people or places safe. However, those who matched
with letters A, B, D, E, G, and H had insufficient knowledge of the subject
matter.

In item (iv), required the students to identify a match to the name which
represents the resiponsibility of taking care andprotection. The correct
response was F, Security. Students who managed to match correctly had a
clear understanding that security is about protecting organizations and people
against threats or danger. However, few students who matched the item
incorrectly with C, "safety,"did not realise that safety is the perception of
being shielded from dangers. It's also important to emphasize how safe a
person feels when they have control over risk factors.

Item (iv) required the students to identify the situation whereby if it happens
the results are injury and damage.The students who chose the correct
responseA, Accident had adequate knowledge of workshop safety and rules
matters. Conversely, the students who made the incorrect selections were
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2.2

unaware that an accident is an abrupt, unanticipated occurrence that
frequently causes harm, loss, or injury. They didn't know that an accident is
an unfortunate, unforeseen, and unplanned event or circumstance, usually
resulting in an unfavorable outcome, and is frequently the result of
carelessness or ignorance.A hazard is typically defined as a condition or
changing set of circumstances that poses a risk of injury, illness, or property
damage.

Section B: Short Answers Question

This section comprised of seven (7) short-answer questions constructed from
the following topics; Engineering Materials, Workshop Tools and
Equipment, Metal Work Technology and Workshop Management and Safety
Rules. Each question carried 10 marks, making a total of 70 marks.

2.2.1 Question 3 : Engineering Materials

This question had three parts (a), (b) and (c). In part (a), the students were
required to list five different components that, when added to white,
malleable cast iron, would cause a rise in the ferrite phase, a drop in strength,
a reduction in toughness, and an increase in yield strength.Part (b) required
the students to use a few words to explain the properties of malleable cast
iron.In part (c), students were required to demonstrate the application of
white cast iron.

The analysis indicates that the question was attempted by 424 (100%)
students and their scores were as follows: 298 (70.28%) scored from 0 to 2.5
marks, 118 (27.83%) scored from 3.0 to 6.0 marks, and 8 (1.89%) scored
from 6.5 to 10 marks. These data are summrised in Figure 3.

1.89%
Score
Range
27.83%
v m0-2.5
3.0-6.0
— " 6.5-10

70.28%

Figure 3:Students’ Performance in Question 3
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Figure 3 shows that the general students' performance on this question was
weak because 70.28 percent scored from 0 to 2.9 marks while 29.72 percent
scored from 3 to 10 marks. The students who scored low marks (0-2.9) failed
to explain the properties of malleable and white cast irons, their applications,
and effects when combined with other elements. For example, one student in
Part (a), instead of identifying the elements such as iron, carbon, sulphur,
silcon, manganese, and phosphorous and their percentage composition
present in white cast iron, copied the question by writing, "increase of ferrite
phase, decrease of strength, toughness lowered, yield of strength, and
copper.” This shows that she/he had insufficient knowledge about
engineering materials, specifically the properties of iron and its alloys.

Similary, most of the students faced difficulties in providing the correct
answer in part (b).Their responses show that some were guessing the
answers. For example, one student wrote; that malleable cast iron should be
harder, tough, malleable, smooth and have a melting point that enables it to
change from a solid to a liquid. Such student failed to understand that
malleable cast iron has mechanical strength characteristics that are in
between those of ductile or gray cast irons. It has qualities that make it
perfect for applications where toughness and machinability are needed.In
addition, malleable cast iron is less prone to cracking and has a variety of
characteristics, including better tensile, rupture, and elongation values as
well as a high resistance to wear and a powerful shock resistance.

In part (c), some of the students mixed up the functions of cast iron from
white cast iron. They provided their responses in a broad manner instead of
being focused on what was asked. For example, one student wrote: "It is used
in making pipes to carry suitable fluids; it is used in making different
machines; it is used in making automotive parts; it is used in making pots,
pans, and utensils; and it is used in making anchors for ships.” In their
responses students were required to mention the items such as tractor spring
manufacturing, rail road brake pedals, automotive crankshafts, hangers and
differentials, gearboxes, and steering gear housings, etc. Others students
omitted this part, indicating that the students had insufficient knowledge of
the tested concept. Extract 3.1 is a sample of the incorrect responses.
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3. You have been assigned to do laboratory analysis on White and Malleable cast iron. The results
observations were: increase of ferrite phase, decrease of strength, toughness lowered and yield
of strength. o

(a)

(b)

()

Which elements and their compositions were obtained in white cast iron? Give five
- elements.

(i oAt ke herve frcgl»' CLYcIu.L};M“‘y'

.......................................................................................

v = ke chemica)  prpafvey '
V) B nackanial  popeckes O C L

Briefly explain five properties of malleable cast iron.

(i) v Hemarlo  paxedes’ I+ used tn emaro)

(i) ... Hlodrical  propedees 14 used i clchwdl
Prae-les

) .avel  proper ks =15 ased in o gevil | progedon)

Where can white cast iron be used according to the properties of white cast iron found in
analysis? Mention five uses,

@ ..Ued in  menufackadng  machie:

.....................................................................................

Extract 3.1: 4 sample of a Student’s Poor Response in Question 3

In Extract 3.1, the student in part (a) bases his/her hypothesis on physical
properties such as chemical, electrical, thermal, and mechanical instead of
identifying the elements and their percentage in composition. In part (b),
she/he bases her/his decision on the metallic properties, which are general
instead of specific to the white cast iron. For part (c), she/he gives out the
general application of engineering materials, which is outside the scope of
the question. This shows that she or he lacked knowledge of cast iron and its
products.
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On the other hand, students who performed averagely understood the
question, but they had little knowledge of engineering materials. The
majority were able to give a few correct elements with their compositions in
white cast iron while others missed some parts. In Part (b), most of the
students were able to briefly explain one or two properties of malleable cast
iron; as a result they scores few marks in this part. Some of them managed to
list the general application of cast iron instead of specifically white cast iron
as a requirement of part (c). Consequantly, they failed to score all the marks
allocated.

However, very few (1.89%) correctly identified the elements found in white
cast iron, but they misread when indicating the compositions' percentages as
requested in Part (a). One student, for instance, erroneously mentioned the
correct composition of carbon and sulphur. Contrarily, some students were
able to address the requirements in parts (b) and (c) by describing the
characteristics of malleable cast iron and mentioning a few applications for
white cast iron, but their efforts received little marks. This demonstrates that
despite having knowledge of engineering materials, the students were unable
to recollect all the responses. Extract 3.2 is a sample of good responses from
the a script of one of the students.
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3. You have been assigred ta co laboratory anatysis on White and Malleable cast iron. The results
observations were: increase of ferrite phase, decrease of strength, toughness lowered and yield
of strength. .
(a) Which elements and their compositions were obtained in white cast iron? Give five
elements.

i Lo, wuibte ot koo, Gotsm..abodt.. 90%: of 100.. 10.onpaitho
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(iii).é&.—"]?ﬁ?.u!?.;.u.a.r.\..tmf.u»:tf.,uuhxc b. compa.. abot... 4 B Ze.. Corpouiber
(9)-S1 00,5, 1.5 an. irpuity. hick rpoi. . abot. 0.8 % composttro
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(b) Briefly explain five properties of malleable cast iron.
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(c) Where can white cast iron be used according to the properties of white cast iron found in
analysis? Mention five uses.

(ivut..sw‘,“.mucl..{@r.....mqkmg ...... L S

Extract 3.2: A Sample of a Student’s Good Response in Question 3

Extract 3.2 shows a sample of the correct responses by a student who
managed to address some parts of the question correctly. However, she/he
stayed in a few points about the specific application of white cast iron. This
indicates that she/he had sufficient knowledge about cast iron and its
products.

2.2.2 Question 4: Workshop Tools and Equipment

This question was constructed from the topic of Workshop Tools and
Equpmentunder the subtopic of Use of Mechanical Tools and Equipment.
The question measures the ability of the students to know the application,
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materials, and securement of the various tools and equipment used in the
workshop. The students were required to study the figure given, then (a) give
the name and function of the given device, (b) provide part names marked
with provided letters, and (c) mention, explain, and state the parts labeled
based on the material, profile, and protection.

The question was attempted by 424 (100%) students out of whom, 37.03
percent scored from 0 to 2.5 marks, 41.75 percent scored from 3.0 to 6.0
marks, and 21.23 percent scored from 6.5 to 10 marks. This analysis shows
that the performance in this question was average, as 62.97 percent scored
from 3.0 to 10 marks. Figure 4 portrays the students’ performance in this
question.

45 - 41.51%
40 - 37.03%
35 -
30 -
25 -
20 -
15 -
10 -
5 4
0 ,

21.46%

Students’ Percentage

0-2.5 3.0-6.0 6.5-10.0

Score Range

Figure 4:Students’ Performance in Question 4

The analysis in Figure 4 indicates that the students who scored average marks
(3 to 6.0) failed to respond correctly to all parts of the question. Some were
able to name, list, and identify the types of materials used to manufacture the
labeled parts but failed to provide the reasons why they are knurled and
covered with soft plate lines. For example, one student respondedto part (c)
as the (i) material used to manufacture parts labeled D and F is pig iron
instead of carbon steel and mild steel. Also, another student in part (c) (iii)
wrote, "The part D must be covered with soft liners so as to maintain the
balance of the material during the cutting process, like spare pipe," instead
of avoiding the sliding or slipping of the workpiece, increasing friction, and
increasing the holding ability of the workpiece. The variations observed in

17



the students’ scores depended on the students' ability to give the appropriate
responses.

On the other hand, those who scored from 3 to 10 marks in this question
managed to give the correct name and function of the device as asked in parts
(@) and (b), as well as the types of materials used to manufacture the device
as asked in part (c) (i). These students were also able to explain the reason
why the part labeled "D" is knurled and covered with soft plate lines, which
are: to help with gripping the workpiece, avoid sliding or slipping of the
workpiece, increase friction, and increase the holding ability of the
workpiece. Extract 4.1 illustrates the responses given by one of the students
who attempted well the question.

4. Figure 1 shows mechanical device commonly used in the workshop. Study it carefully and then
answer the questions that follow:

Figure |

(a) (i) Identify the component shown in Figure 1.

" . . . . "
(ii) What is hemammfur%c:lorécoft{:eoi?xmpoxl% w0t mokenals &m’“g Odin

.................................................................................
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(b) Name the parts marked by letters AtoE. | - o e\
A l%:r-t‘nto\n i ole for fuing Tui and holls Frake GVILR
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(ii) Why part D is knurled on one side? Briefly explain.
Tt s owele en vrd Side c oy o pwﬁ?h c Swteble-

..........................................................................................................

(ii)Why part D mﬁbe covered, with soft plate liners?
e sk (wvered with Sock p\ate Liners Co4&s prewent

Extract 4.1:4 Sample of Student’s Good Response in Question 4

Extract 4.1 shows that the student managed to give the correct type and
function of the components as asked in part (a). However, she/he failed to
name exactly the parts marked with the letter D and the materials used to
make them. This shows that he/she was familiar with the tool, the materials
used in its manufacture, its application, and the reasoning behind the device's
surface finishing.

Nonethless, 157 (37.03%) students had poor performance because their
scores ranged from 0 to 1.2 marks. Students who received zero points did not
correctly answer all questions. For example, one student mentioned the name
and function of the device in parts (a) (i and ii) as "grinding machine and
provide the output of a cutting tool™" instead of "bench vice" and uses it to
hold the work in the workshop. Another student in part (b) named the marked
parts as "A for nuts, B for plates, C for surface grinding, and E for strength"
instead of "A for hole, B for fixed jaws, C for jaw plate, and E for movable
jaw. Students who received 0.5 to 2.5 marks, on the other hand, were able to
correctly respond to a few parts by naming and identifying the part but failed
to identify the material used to make the component and in providing the
reason for knurling and covered the knurled part. Extract 4.2 shows a sample
of an incorrect response from the student who scored low marks.
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4. Figure 1 shows mechanical device commonly used in thé workshop. Study it carefully and then
answer the questions that follow:

Figure 1

(a) (i) Identify the component show[:oin Figure 1.

o.g.l-'ﬁ_n H-se _wf\ u;oii:l in  the

.................................................
.......................................................

mechanice) wollechop -

(ii) What is the main function of the component?
UJDDI':[

{b) Name the parts marked by letters A 10 E.

A N e
B
C deblewnle
D Mimex

EoShma

() (i) What type of material is used to manufacture part D and F?

.......................................
..................................................................

Kad D mush e togesed w.'\.kb...mf_‘f....Pls\re....liw.s___...\?:t_:c\.v?.e....ﬂv.a .....
ok B man movered  Ahe s\ gert plabe mede)

Extract 4.2:A Sample of Student’s Poor Response in Question 4
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Extract 4.2 shows a sample responses from a student who failed to correctly
respond to allparts of this question. This implies that, the student lacked
knowledge abouttheconcepts tested.

2.2.3 Question 5: Metal Work Technology

This question was derived from the sub-topic of Electrical Arc Welding. It
had two parts, (a) and (b). Part (a) required the students to explain briefly the
terms (i) arc crater, (ii) arc blow, (iii) welding polarity, (iv) flux, and (v) arc
length as used in the arc welding process. Part (b) required the students to
analyze five safety precautions taken into consideration in the welding
workshop. The question is designed to assess students' knowledge of the
welding process and its safety precautions.

The question was attempted by 424 (100%) students, out of whom 134
(31.60%) scored from O to 2.0 marks, 252 (59.44%) scored from 3.0 to 6.0
marks, and 38 (8.96%) scored from 7 to 10 marks. Generally, the students’
performance in this question was good, since 290 (68.40%) of the students
scored from 3.0 to 10 of the allocated marks. This performance is
summarized in Figure 5.

Scor
H0-2.0
43.0-6.0
| 7.0-10

59.44%

Figure 5:Students’ Performance in Question 5

The performance trend in Figure 5 shows that students’ performance was
good since 68.40 percent scored above 3.0 marks. The students' response
analysis reveals that students (31.60%) who performed poorly had inadequate
knowledge of the arc welding process and its terminology. Some of these
students provided irrelevant answers. For example, in part (a) (i), one of the
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students gave the definition of "arc crater” as the situation that occurs when
you travel at high speed. Other students in parts (ii), (iii), (iv), and (v)
explained the terms "arc blow,welding polarity, flux, and arc length” as the
amount of current that is being supplied from the welding sources; the
quantity of current that is to be used in the welding process from its electric
sources; the material that is used to remove dust; and the length between two
or more metals that are going to be joined. These are incorrect explanations.
These were unaware that an arc crater and an arc blow are both welding
defects that can occur during the welding process if proper procedures are not
followed.

On the other hand, those who failed to explain the terms flux and arc length
did not know that those were the material used to coat the electrode and the
distance from the electrode to the attachment point on the workpiece,
respectively.Extract 5.1 is an example of a poor response from one of the
students' scripts.

5. (a) Briefly explain the following terms as used in arc welding process:
(i) Arc crater

(i) Arc blow
ﬁ«e lswfsesgmswdﬁ/rggroﬁ-sm asqulatory

&\«dﬂwag‘wﬁzz ....................................................

(iii) Welding Polarit
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iv) Flux’
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(v) Arclength.
....>..m..f,v_r.e. .............. UMMLQ"”MCOMW%«D ..............
werz ebroined) m.yu‘n Yo, Cost oo micromader.

(b) Suppose you are working in welding and metal fabrication workshop; what five
exceptional safety precautions yu should observe?

o \'\]UMVI.% " ﬂwdﬁfgm ........... eeadel Fodsodiin.
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Extract 5.1: A Sample of Student 's Poor Response in Question 5

In Extract 5.1, the student provided incorrect terms used in arc welding
processes. For example, she/he described an arc blow as the gas welding
pressure regulator having two gauges, which is incorrect. She/he failed to
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understand that the question was based on the arc welding process and not
the gas welding process. Additionally, she/he did not distinguish between the
terms "arc blow" and "pressure regulator,” as "arc blow" is a welding
phenomenon that can happen when unstable arcs wander or oscillation away
from the place of welding which caused by external magnetic fields, such as
those produced by nearby equipment or materials. Whereas "pressure
regulator" refers to the device used to control the pressure of the gases in
oxyfuel welding. This indicates that she/he lacked sufficient knowledge of
the arc welding processes.

Beside that, 59.43 percent of the students who scored average performance (4
to 6 marks) were able to give a correct response to some part of the question
or mixed correct and incorrect responses for both parts. For example, one
student managed to answer correctly in part (b) but failed the whole part (a).
This indicates that she/he is competent in the area of safety precautions but
not in the arc welding defects and techniques requested. Furthermore, other
students provided correct responses in part (a) but made reflections on points
about exceptional safety precautions that are required to be taken in the
welding workshop. These responses prove that the students had adequate
knowledge of safety precautions but only partial knowledge of the
terminologies used in various welding processes.

On top of that, 8.96 percent of students with a good performance were the
ones who provided relevant responses and met most of the requirements of
the question. These students proved to have a clear understanding of the
demands of the question, thus providing appropriate answers to most of the
parts asked. Extract 5.2 is an example of responses from a student who
performed well.
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5. (a) Briefly explain the following terms as used in arc welding pracess:
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Extract 5.2:4 Sample of Student’s Good Response in Question 5

In Extract 5.2 the student was able to explain correctly the terms arc crater,
arc blow, welding polarity, flux and arc length as applied in arc welding
processes. She/he also provided the standard safety precautions that should
be followed in a welding workshop. She/he realized that there were usually
fires and other sparks from grinding and cutting machines in a welding
workshop now. As a result, the presence of oil and other explosive materials
may cause burning, resulting in property and infrastructure damage.

2.2.4 Question 6: Workshop Management and Safety Rules

This question was composed from the topic of Workshop Management and

Safety Rules. The students were required to explain reasons of making
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infrastructure for fire preventive or fire break out. The question intended to
assess the student's knowledge on the importance of fere preventive in the
workshop.

The statistics show that 424 (100%) students attempted this question, out of
whom 220 (51.89%) scored from 0 to 2.0 marks, 143 (33.73%) scored from 3
to 6 marks, and 61 (14.49%) scored from 6.5 to 10 marks out of the 10 marks
allocated. Figure 6 presents the students' performance on this question.
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Figure 6:Students’ Performance in Question 6
Figure 6 shows that the general performance on this question was average
because 48.11 percent of the students scored from 3 to 10 marks. This shows
that the students had sufficient knowledge of safety precautions and measures
to be taken to prevent accidents and hazards.

The observation made on the responses of the 51.89 percent of the students
who performed poorly revealed that most of them confused the safety
precautions taken for machine shops with those taken to prevent fire
outbreaks. For example, one student wrote: "Turning off machines after use,
avoiding overheating of machines, not playing in the workshop, and avoiding
working on the high voltage heat" He/she should have written; "avoiding
damage to equipment, minimizing accidents and injuries, ensuring the safety
of fuel and explosive materials, equipping workers with skills in firefighting,

25



and creating a safe working environment. These responses demonstrate that
the students were unable to distinguish between the safety precautions that
should be taken when operating machines and those that should be taken
when making fire breaks. Most of them were not aware that a fire requires
heat, oxygen, and fuel in order to start and spread. A fire won't start or spread
if there isn't heat, oxygen, and fuel. Therefore, one must eliminate heat,
oxygen, or fuel in order to put out a fire.Extract 6.1 is a sample of a poor
response from one of the students.

6. Your school built a new welding and metal fabrication workshop. Why preventive msasuﬁ are
to be taken so as to pfreve t fire out bre Brtgy explain by giving five reasons.
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Extract 6.1:A Sample of Student’s incorrect Response in Question 6

In Extract 6.1, the student provided incorrect responses to all parts of the
question. She/he outlined the safety measures to be performed when carrying
out tasks in the welding workshop rather than why fire outbreaks in the
workshop. This demonstrates that she/he did not understand that a fire
outbreak is an abrupt eruption, an outburst of flame, light, and heat created
when anything burns.

On other hand, the students who scored average (33.73%) managed to
provide few reason of necessity of making fire out breaks in the welding
workshop, but mixed with other general safety reasons of machine shop. For
example, one student wrote: wear safety equipments in the workshop; It may
caurse distruction of the workshop; another wrote: to protect the machine
and the workshop as well as to make school safe. These responses show that,
the students were knowledgeable in the safety but misunderstood the
requirement of the question.

However, the students who received an average score (33.73%) partially

understood the reasons for making fire breaks in the welding workshop.

Hence they provideed few reasons or mixed the correct responses with other
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general safety reasons for the machine shop. For example, one student wrote:
"Wear safety gear in the workshop; it may lead to workshop destruction.”
Another wrote: "To make the school safe as well as to protect the machine
and the workshop." These responses demonstrate the students familiarity
with safety but also their confusion on the question’s requirements.

Additionally, 14.39% of the students with higher marks were able to
correctly demonstrate why a fire outbreak in welding workplaces should be
taken into account. They were aware that in order to reduce risks and
accidents, the proper precautions should be taken in every welding workshop.
These can entail getting rid of the fire risk, shifting the welding project, or
covering the risk using nonflammable materials. Before and during welding,
welding environments and their surroundings must be kept clean and free of
flammable materials. Most of the time, only places that have been
specifically created to reduce possible fires should be used for welding
activities.. Extract 6.2 shows a sample of response from a candidate who
provided relevant answer to this question.

6. Your school built a new welding and metal fabrication workshop. Why previ-.‘]il’:ive.nleasures are
1o be taken so af to prevent fire out bigak? Briefly explain’by giving five feasoiis. *
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Extract 6.2: A Sample of a Student’s Good Response in Question 6

In Extract 6.2 the student managed to explain the importance of making a fire
outbreak during construction of a welding workshop. This indicate that
she/he demonstrated adequate knowledge of workshop safety precautions and
its measures to be taken, hence scored higher marks.

2.2.5 Question 7: Workshop Tools and Equipment

This question had two parts (a) and (c) extracted from the sub-topic called
Use of Mechanical Tools and Equipment. The students were required to use
their knowledge of using a handsaw to respond to the two parts of this
question. Part (a) required students to identify two causes of tooth breakage:
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excessive tooth wear and blade breakage. In part (b), the students were
required to analyze four precautions that should be taken to avoid the faults
stated in part (a). The purpose of the question was to assess how well the
students could demonstrate the use of tools in a bench workshop, utilizing the
knowledge they had learned in theoretical terms.

The question was attempted by all 424 (100%) students who sat for this
paper. Data analysis shows that 310 (73.11%) students scored from 0 to 2.5
marks, 90 (21.23%) scored from 3 to 6.5 marks, and 24 (5.66%) scored from
7 to 10 marks. This performance is summarized in Figure 7.
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Figure 7:Students’ Performance in Question 7

Figure 7 shows that the general performance on this question was poor
because 73.11 percent of the students achieved weak performance. These
students lacked sufficient understanding of tools, equipment, and their uses.
Because of this, they were unable to determine the most likely reasons on the
problem and the appropriate safety measures to be implemented to guard
against tool damage.

In part (a), analysis indicates that the students had insufficient knowledge of
faults that may happen in a hand hacksaw and their causes, as well as the
safety precautions to be taken to prevent these faults. Also, other students did
not understand the requirement of the question, as evidenced by the incorrect
answers they provided. For example, in part A, one student wrote the causes
of teeth breakage are: (i) throwing down objects and (ii) falling; for causes of
excessive tooth wear, she/he wrote that it is due to; (i) the drilling process
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and (ii) doing experiments; and for blade breakage.She/he also wrote that it
is caused when there is no magnetism. Such students did not understand that
hand hack saw blade faults can be caused by: incorrect tooth size, incorrect
saw blade rotation, not securely fixing the workpiece, sawing against corners,
excessive speed and pressure, excessive tensioning, out-of-line strokes, and
S0 on.

In part (b), most students failed to identify the safety precautions to be taken
to overcome the faults stated in part (a). Some of the students provided
irrelevant responses in this part, either because they did not know the
required factors or because they lacked the capability to answer the question.
For example, one student wrote that she/he shouldwear proper workshop
uniforms; not use the tools without instructions; and not turn on the machine
without permission, etc. while others skipped the part. This indicates that the
students lacked knowledge of the various faults of the tool and its proper
applications. Extract 7.1 is a sample of the incorrect responses to this
question.

u

4
7. (a) You were assigned to cut various pieces of metal with hand hacksaw in the bench workshop.
During the process you observe that, there were teeth breakages, excessive teeth wear and
blade breakage. What are the two causes of these faults?
(i) Teeth breakages
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(b) What are the four safety precautions which should be taken in order to avoid the situations
observed in (a)? ’
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Extract 7.1:A Sample of Student’s Poor Response in Question 7

Extract 7.1 demonstrates that the student's responses to both parts were
irrelevant since they were uninformed about probable hand tool faults. There
are also numerous problems in the wording utilized.
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In contrast, 114 (26.89%) students achieved good performance. In part (a),
the students understood that the causes of some faults in using a hand
hacksaw blade include: too many teeth on the saw blade for the application;
excessive feed rate; material movement caused by clamping problems; an
incorrect (reversed); and choice of cutting parameters for the application
(reversed) as well as material advancement when the saw blade is in the
down position.

In part (b), the students also knew that the following safety measures would
be implemented in an effort to prevent and rectify the flaws mentioned in
item (a): With the teeth pointing away from the handle, insert the blade into
the frame. Make sure the piece is firmly secured; select the appropriate blade
type for the material to be sliced; Pick a blade that has the right number of
teeth for the material you're cutting; After installing the blade, turn the wing
nut three times to apply the proper tension to the blade; if at all feasible,
arrange the work in the vice so that the cutting is vertical. Releasing pressure
on the back stroke will help you avoid excessive workpiece overhang.Extract
7.2 is an example of a response from a student who performed well.

7. (a) You were assigned to cut various pieces of metal with hand hacksaw in the bench workshop.
During the process you observe that, there were téeth breakages, excessive teeth wear and
blade breakage. What are the two causes of these faults?
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(b) What are the four safety precautions which should be taken'in order to avoid the situations
observed in (a)?
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Extract 7.2:A Sample of Student’s Good Response in Question 7

Extract 7.2 shows the responses by a student who managed to analyze the
causes of faults and identify the safety precautions to overcome those faults.
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This shows that the student really comprehended the topic, which contributed
to their high mark.

2.2.6 Question 8: Metal Work Technology

This question had two parts (a) and (b) extracted from the sub-topic Gas
Welding. The students were required to use their knowledge of the process
and operation being done with gas welding to analyze the advantages and
disadvantages of the process. Part (a) required students to identify five
advantages that make the process more useful than other types of metal
joining. In part (b), the students were required to list five disadvantages that
make the process not useful. The key objective of the question was to assess
students' abilities to choose the proper kinds of metal joints in comparison to
other methods.

The question was attempted by 424 (100%) students. Among them, 229
(54.01%) scored from 0 to 2 marks; 181 (42.69%) scored from 3 to 6 marks;
and 14 (3.3%) scored from 7 to 10 marks. Figure 8 summarizes this
performance.
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Figure 8:Students’ Performance in Question 8

Figure 8 shows that the general performance on this question was average
since 195 (45.99%) students scored from 3 to 10. This signifies that the
students had adequate knowledge of gas welding processes and their benefits.
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Part (a) required students to identify the advantages that make gas welding
superior to other processes.The results of the analysis show that 54.01
percent of the students who scored from 0 to 4 marks (81.7%) had the
following weaknesses in tackling the question: lack of knowledge of the
subject matter, failure to address the demands of the question, inadequate gas
welding skills, and failure to adhere to the identification of benefits of the
processes that distinguish them from other metal joining processes. For
example, one of the students lists the function instead of the reason that led
them to the benefits. She/he wrote: used for ferrous, used for automobile air
crafts, used for field work, etc. The students did not know that both joining
processes are applied in those areas that she/he mentioned. However, the
question required the student to identify what makes this joining process
unique. Another student wrote: "to make the work stronger and more
malleable.” Those who provided an incorrect answer were unaware that,
among other things, gas welding has numerous advantages over other metal
joining methods. These including: Gas welding can be used to join ferrous
and nonferrous metals due to its superior strength over other welding
processes.When we compare gas welding to the other popular weld methods
like arc welding and other types of welding,gas welding is a versatile process
that can be performed outside or in remote locations without specialized
equipment, but it requires skill and knowledge and safety precautions must
be taken.In addition, the initial capital required for gas welding is very low.
For some applications, this is very beneficial; another benefit of gas welding
is that it doesn’t require highly specialized labour. This makes it easier to
find gas welders as well as keeping the labor charge low. The other
advantage is that its plant is relatively easy to pick up and move around,
unlike some other forms of welding, etc.According to the results of the
analysis, the majority of the students lacked sufficient knowledge and skills
in the gas welding process.

In part (b), the majority of students failed to list the disadvantages that make
the process unfit for certain circumstances. The majority of them failed to
identify that the process is appropriate for thinner sheets but not for thicker
sections. Another disadvantage is that the heating rate is quite slow, which
slows down the entire process. Also, the process does not reach the same
temperatures as arc welding. Therefore, it isn’t the ideal type of welding for
high-strength steels. In another case, the process is missing a dedicated flux
shielding system, so it might not meet someone’s requirement if that is what
they are looking for.
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Additionally, the students were unaware that the procedure calls for stringent
safety precautions to avoid accidents like explosions or flames brought on by
sparks igniting flammable objects close to the work area. Another
disadvantage of gas welding is that it can be difficult to utilize it in confined
spaces or places with limited access since it creates heat that could harm
neighboring components or start fires if not adequately controlled. However,
the procedure necessitates a certain level of talent, and effective welders need
both in order to master this sort of weld and consistently create high-quality
results on various metals and alloys.Extract 8.1 is a sample of a poor
response from the script of one of the students.
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B. What are the five advantages and five disadvantages of gas welding compare 1o other type?
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Extract 8.1: 4 Sample of Student’s Irrelevant Response t0 Question 8

In Extract 8.1, the student wrote responses that showed that he/she did not
understand the requirements of the question. Instead of identifying which
reason makes the gas weld most useful compared to others, as asked in part
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(@), she/he provides the functions of the welding process. Again instead of
listing disadvantages that make the process unprofitable, the student
mentioned some precautions and the safety of the gas and equipment used in
the plant in part (b). This demonstrates that she/he lacked knowledge of the
gas welding process.

Furthermore, 42.69 percent of students who received 3 to 6 marks were able
to address the question's demands and had adequate mastery of the subject
matter, as well as a relatively good skill in gas welding, but provided
insufficient points. Some students repeated some points and, due to this, were
unable to exhaust all the required points. This reduced their potential to score
higher marks.

On the other hand, marks ranging from 10 to 15 were scored by only 3.3
percent of the students who were able to comprehend the demands of the
question. They offered relevant points with comparative examples of other
types of welding and joining of metal. This implies that the students had
adequate knowledge of the gas welding process and its benefits. Extract 8.2
is a sample of the correct responses of a student with good performance.
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8. What are the five advantages and five disadvantages of gas welding compare to other type?
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Extract 8.2: ASample of Student’s Good Response in Question 8

Extract 8.2 shows a student's response in which she/he identified the types of
benefits and drawbacks that distinguish gas welding from other types of
metal joints. This indicates that she/he had adequate knowledge of gas
welding and hence deserved higher marks.

2.2.7 Question 9: Workshop Management and Safety Rules
This question was derived from the topic of workshop management and
safety rules. It had two parts, (a) and (b). In part (a), the studentswere
required to describe the types of fire for which the stated media will be used
as an extinguisher. Part (b) required the students to identify five preparations
to be done during the handling of mechanical equipment.The question was:
(a) Water, Foarm and Carbon Dioxide (CO,;) are media used for fire
extinguishers.Under which circumstance is it appropriate to use each
media?
(i) Water

35



(ii) Form type
(iii) Carbon dioxide (CO,)

(b) Suppose you are working in a mechanical workshop and you are required
to arrange the materials using materials handling equipment such as
forklift. Briefly explain four precautions you will take when handling
mechnaical equipment.

The analysis of the students’ performance shows that 136 (32.08%) students

scored from O to 2 marks, 204 (48.11%) scored from 3 to 6 marks and 84

(19.81%) scored from 7 to 10 marks. Figure 9 represents the performance of

the students in question 9.
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Figure 9:Students’ Performance in Question 9

Figure 9 shows that the general performance on this question was good, as
67.92 percent of the students performed above average. This indicates that
majority of the students had sufficient knowledge about the topic of
workshop management and safety, specifically the concept of safety
accidents and their causes and prevention.

Analysis further indicates that students with good performance were 33
(7.78%). These students had adequate knowledge of fire extinguishers and
media used for various forms of fire and their effects, as well as the
precautions to be taken when handling mechanical equipment.

Part (a) required them to explain the types of fires that the provided media
will put out. The analysis of the students' scripts reveals that the majority of
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them were able to provide the correct responses in part (a). They knew that
fire is grouped into five categories, which are: Class A: freely burning,
combustible solid materials such as wood or paper; Class B: flammable
liquid or gas; Class C: energized electrical fire (an energized electrical source
serves as the ignitor of a class A or B fire; if the electrical source is removed,
it is no longer a class C fire); Class D: metallic fire (titanium, zirconium,
magnesium, sodium), and Class K: Animal or vegetable oils or fats are used
in cooking. Consequently, they understood that, regardless of the types of
fire, there will always be the same four elements present, which are: fuel,
heat, oxygen, and a chain reaction.

In part (b), the students managed to provide the precautions that should be taken
when handling materials. Hence, they provided the correct safety precaution
required to be taken during material handling. This indicates that they had
sufficient knowledge of material handling and its precautions. Extract 9.1 is a
sample of the correct responses of a student with good performance.

9. (a) Water, Foam and Carbon Dioxide (CO2) are media used for fire extinguishers. Under which
circumstance is appropriate to use each media? c)

(i) Water,.lw.ﬂ{ﬁt' eﬂ.lﬂﬁms]ﬁ&ré .Lan Lf’ wecﬂ“on..,m‘cg CH’Es an

small Fires S.s-!_(_a"m..cu.s pPUpLcs.ar.. burnulj p.opzr,i...wmgf..qmg}! ...........
?_gs.,.m,f-.s ....................................................................................

(ii) F::amlype-...EQ.gmvl'? [ O[ e)'xg‘u.rfjws"mrlj (l".e r\"rc.- l}e
USt.c! o exdinguish. Gires mSde. h ICtUr(“é &uc.ln ol
u'& fmm T)c D“e_t&m“mncg,..dmag ................................

(iii) Carbon dnoxudc{(:oz)...IL*.&.S....L\IQ.: of. e.xim\ﬂu.\‘s{bcn_,,cgﬂ,ﬂés
RVt "O BT 'f‘S\%!>$l!'.‘e.,...,L!'.t. ...... mm.. glecinical Souces.

(b) Suppose you are working in a mechanical workshop and you are required to arrange the
materials using materials handling equipment such as forklift. Briefly explain four
precautions you will take when handling mechanical equipment.
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Extract 9.1: 4 Sample of Student’sGoodResponse in Question 9

In Extract 9.1, the student was able to explain the types of fires that will be
extinguished with their respective types of media, as well as precautions to
be taken when handling material with mechanical equipment.
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However, 204 students corresponding to 48.11 percent, scored from 3 to 6
marks. Most of them identified the correct safety precautions but missed the
types of fire and the recommended media and therefore scored average
marks.

Apart from the students’ whose performance was average in this question,
there was 32.08 percent who scored low marks (0-2.0). These students lacked
knowledge of accidents' causes and preventions, especially the type of fire,
the media used to extinguish it, and safety measures to be taken in material
handling. For example, in part (a) (ii), one student wrote, "The uses of carbon
dioxide to extinguish fire in class A, which was caused by materials such as
paper and wood." The student did not understand that fires of class A could
be extinguished with water, while carbon dioxide would be used for fires of
class C. Extract 9.2 is a sample of weak responses from one of the students.

9. (a) Water, Foam and Carbon Dioxide (CO,) are medm used for fi ire; cxnngujshers Under which
circumstance is appropriate to use each media?
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Extract 9.2: 4 Sample of Student’s Weak Response in Question 9
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2.3

In Extract 6.2, the student provided the incorrect responses to all parts of the
questions showing that he/she had insufficient knowledge of workshop
management and safety rules.

Section C: Structured Questions

This section consisted of one compasory structured question composed from
the topic of Engineering Materials. The question had 15 marks.

2.3.1 Question 10: Engineering Materials

This question had three parts, (a), (b), and (c). In part (a), the students were
required to mention the type of furnace that can be used for the production of
iron from its ores. For part (b), the students were to provide the advantages of
that furnace mentioned in part (a) compared with other types. In part (c), the
students were asked to provide the explanation and chemical reactions that
were undergone in the pig iron. The question was:Acertain company decided
to install a plant for Iron and its product smelting from iron ores. They found
out that there are Open hearth furnaces, Cupola furnace an Electric furnace.

(i) Giving a reason, advice the company management the type of furnace to
install.

(i) What are the advantages of the furnace chosen in (a) when compared to
others?

(iii) Pig iron production using cupola furnace may involve three main zone
namely, combustion or oxidizing zone, reducing zone and melting zone.
With the help of chemical reactions, describe the processes undergone in
those zone.

A total of 424 (100%) students attempted the question, whose scores wereas
follows: 357 (84.20%) scored from 0 to 4 marks, 62 (14.62%) scored from 5
to 9 marks, and 5 (1.18%) scored from 10 to 15 marks. These scores are
presented in Figure 10.
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Figure 10:Students’ Performance in Question 10

Figure 10 shows that the students' general performance on this question was
weak since 357 (84.20%) students scored from 0 to 4 marks.

Students who scored low marks (0-4) had inadequate knowledge of the
furnace used to extract pig iron from iron ore. Most of them failed to give a
relevant response to the question due to lack of knowledge on engineering
materials. For example, in part (a), one student wrote: | will advise the
company to use the electric furnace, which is the modern furnace used in the
production of steel and has a great market in the world compared to the
metals. This misconception shows that the student concentrated on the
modernity and advicing the company management about the appropriate
furnaces to insatall based on the function of each type. This student lacked
the knowledge that a cupola furnace is the only type of furnace used for
extracting iron from its ores. Further analysis on students scripts' responses
that those who were unable to choose the proper type of furnace in part (a)
also failed to respond correctly to part (b) of this question.

Consequently, in part (c) most of the students failedto provide the chemical
reactions that happened during all process. For example, one student wrote:
"Combustionzone as the zone that requires heat processing for production;
reduction zone as the zone in which the impurities are removed; and melting
zone as the zone that occurs after combustion and reduction of iron." This
student failed to describe those zones where the raw materials for pig iron
production are processed. Student should has understood that the combustion
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zone is the area where iron and impurities such as carbon, silicon, and
manganese are mixed with hot air and oxidize with oxygen to form oxides.
Alternatively, in a "reducing zone," the carbon dioxide decomposes to form
carbon dioxide and heat, while in the melting zone, iron combines with
carbon dioxide to form iron carbide and carbon dioxide. Failure to describe
these components demonstrates that the students in this category had
insufficient knowledge and lacked skills about extraction of engineering
materials from their ores. Extract 10.1 is a sample of weak responses from
one of the students'.
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10. A certain company decided to install a plant for Iron and its product smelting from iron ores.
They found out that there are Open hearth furaces, Cupola furnace and Electric fumace.

(a) Giving a reason, advice the company management the type of furnace to install.
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(b) What are the four advantages of the furnace chosen in (a) when compared to others?
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Pig iron production using cupola fumace may involve three maip zones namely
combustion or oxidizing zone, reducing zone and melfing zone. With the help of
chemical reactions, describe the process undergone in those zones.
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Extract 10.1: 4 Sample of Student’s Weak Response in Question 10

In Extract 10.1, the studentprovidedincorrect responses to almost all parts of
the question showing that she/he lacked knowledge of Engineering materials.

On the other hand, 14.62 percent of students scored average marks (4.5 -9.5).
Most of these students providedthe description of stages and the required
chemical reactions for production of pig iron in the cupola furnace while
others wrote the correct type of furnace in part (a) and chemical reactions in
part (c), but failed to provide the advantages of cupola furnace in part (b).

However, few students (1.18%) scored good marks (10-15). These students
provided the correct responses in most parts of the question. They suggested
a suitable furnace to install with its advantages. Some of them described
correctly the processess undergone in all zone with the aid of balanced
chemical reactions. This shows that they had adequate knowledge of
engineering materials and their production processes. Extract 10.2 presents
one of the correct responses provided by one of the students.

10. A certain company decided to install a plant for Iron and its product smelting from iron ores.
They found out that there are Open hearth furnaces, Cupola furnace and Electric furnace.

(a) Giving a reason, advice the company management the type of furnace to install.

..............................................................................
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(c) Pig iron production using cupola furnace may involve three main zones namely
combustion or oxidizing zone, reducing zone and melting zone. With the help of
chemical reactions, describe the process undergone in those zones.
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Extract 10.2:A Sample of Student’s Good Response in Question 10

In Extract 10.2 the studentcorrectly describeda suitable type of furnace and
its benefits. He/she wrote a balanced chemical reactions that took place in the
cupola furnace. Despite the fact that some of it were incorrect,thestudent
scored good marks.
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3.0 ANALYSIS OF THE STUDENTS PERFORMANCE ON EACH TOPIC

4.0

The mechanical engineering paper had six topics that were assessed. These
topics are: Metal Work Technology, Mechanical Engineering Jobs and
Occupations, Introduction to Science, Engineering, and Technology,
Workshop Tools and Equipment, Workshop Management and Safety Rules,
and Engineering Materials.

Based on the analysis of the students’ performance, good performance was
observed in question 1 drawn from varioustopics of:Engineering Materials,
Workshop Tools and Equipment, Workshop Management and Safety Rules,
Mechanical Engineering Jobs and Occupations.The good performance was
also observed inIntroduction to Science, Engineering, and Technology, and
Metalwork Technology (98.35%) followed by Workshop Management and
Safety Rules (67.29%)in questions 2, 6, and 9 respectively. Students whith
good performances understood the requirements of the questions and had
ability to apply their knowledge and skills to the topics tested.

The average performance was observed in question 5 and 8 (57.2%) from
the topic ofMetalworking Technologyand in questions 4 and 7 (44.94%)
from the topic of Workshop Tools and Equipment. Analysis reveals that the
students had satisfactory knowledge and ability to apply the knowledge and
skills in the topics assessed in producing drawings, providing explanations,
and identifying some mechanical components and systems.

Moreover, weak performance (18.3 percent) was observed in the topic
ofEngineering Material (18.3%) which was tested in question 3 and 10.
Lack of knowledge and practical abilities in the subject matter being
assessed as well as failure to comprehend the nature of the questions are
factors that contributed to students' low performance. A summary of the
students' performance on each topic is presented in Appendix I.

CONCLUSION AND RECOMMENDATION

This section is concluding the remarks and the way forward after the
analysis summarized in the previous sections. It concludes the response
analysis based on each question and each topic. Although there are several
stakeholders responsible for this analysis, most of the recommendations are
directed to the students for future improvement.

45



4.1

4.2

Conclusion

The overall performance in the Mechanical Engineering subject on the
Form Two National Assessment (FTNA) in 2022 was average, as 59.67
percent of the students scored average or above.

The weak performance of the students was attributed to different factors as
explained in the analysis of each question.These includes students' failure
to understand the demands of the questions which as observed in question 3
and 10, where most of the students wrote irrelevant responses;insufficient
knowledge in some of the tested subject matters was observed in question
10 where 84.20 percent of students failed and in question 3 where 70.28
percent failed;lack of mechanical skill andthe students' failure to explain
practical oriented questions asobserved in questions 3 and 10.

Recommendations

In order to improve the performance of candidates in Mechanical
Engineering subject, the following are recommended:

(a) Students should be guided and encouraged to read various Mechanical
Engineering books so as to widen their knowledge and skills.

(b) Students should be aided to improve English language by developing
the passion of speaking and writing in English. This can be achieved
by allowing them to participate in debates, group discussions and
presentation of various assignments.

(c) Students should practice drawing different Mechanical Engineering
systems, components and graphs. This will help them to acquire
appropriate skills of drawing neatly and correctly label diagrams and
graphs.

(d) read different books and other sources in order to expand their
knowledge, and understand the requirements of the question and
subject matter.

(e) Teachers should prepare practical activities so as students can perform
well on topics of Engineering Materials.

(f) Students should develop the culture of reading questions carefully
before attempting them so that they understand the requirements of
the questions.

46



Appendix I: A Summary of Students’ Performance (Topic-Wise)
Table 2: A Summary of Students’ Performance (Topic-Wise)

Percentage
. of students
SIN Topics %ﬂ?ﬁggp who scored Remarks
30% or

maore

3 Metal work Technology 5and 8 57.20 Average
Workshop Tools and
4 equipment 4 and 7 4493 Average

Appendix I1:General Students’ Performance in Mechanical Engineering Subject

Table 3: General Students’ Performance in Mechanical Engineering Subject

Percentage . Number of
Grade Range Description students Percentage
D&C 30 - 64 Average 251 59.20
TOTAL 424 100
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Appendix I11:Distribution of Student' Performance in Each Question

Table 4: Distribution of Student' Performance in Each Question

Questions [ Qn 1 | Qn 2 Qn3|0On4|On5|(Qn6 |0On7|0QOn8 |Qn9 |On 10
Weak 7 60 298 | 157 | 134 | 221 |310 |229 136 | 357
Average | 243 | 245 118 | 177 | 252 | 142 |90 181 204 | 62
Good 174 | 119 8 90 38 61 24 14 84 5
TOTAL | 424 | 424 424 | 424 | 424 | 424 | 424 | 424 424 | 424

Appendix 1V: Overall Performance of Students Question Wise for Year 2022
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Figure 11: Overall performance of students question wise for year 2022

Appendix V: Student’s performance for year 2022 in comparison to the year 2021
Table 5:Student’s performance for year 2022 in comparison to the year 2021

YEAR A B C D F TOTAL
2022 0 2 79 172 171 424
2021 0 1 28 113 309 451
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