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Abstract: The aim of this paper is to analyse the practical application of course drawing in Engineering Graphics
and Drawing in education. Various data bases and scholarly search engines were used to use relevant literature.
In the review of the literature the focus was based the discussion on Engineering Graphics and Drawing (EGD)
curriculum. This was followed by the explanation of EGD aims. In addition, the examples of various drawings
in EGD were provided. The assessments used in EGD were identified and discussed in line with the purpose
and type of assessment as well as how assessments were conducted in this subject. The explanation of the
subject knowledge of EGD is presented. Furthermore, the description of the Pedagogical Content Knowledge
of EGD is also provided. Finally, the description of the challenges encountered with teaching and learning of
EGD are presented. It was found from the literature that the importance of Engineering Graphics and Drawing
(EGD) curriculum is to teach specific fundamental knowledge, various drawing techniques and skills. It was
also, mentioned that several challenges were encountered with the delivery of the subject relating to learner's
academic performance in Assembly Drawing (AD) is usually poor. Literature shows that the reason for a low
performance is because most teachers failed to develop visual, spatial skills in the learners, and that teachers
apply the traditional method of teaching in course drawing which hinders the learner's active involvement in
the drawing.

Keywords: Assembly drawing, Course drawing, Engineering Graphics and Design, Pedagogical Content

Knowledge

1. Introduction

Engineering Graphics and Design presents the basic
knowledge and drawing skills needed for career
opportunities relating to architecture such as: Civil,
Mechanical, Aviation, Maritime, Agricultural, Mining,
etc. It has been a tread that engineering educators
are challenged by the need to keep their curric-
ula relevant and current with the populations they
serve (Moody, 2009; Dym et al., 2005). The course
drawing was then introduced to be fully conducted
in the classroom under the supervision of the
teacher (models/projects). These authors (Okolie,
2014; Okorie, 2001) further argue that the high
failure rate of school learners in their exit examina-
tions in EGD is associated with traditional teaching
methods, which do not sufficiently develop learners'
spatial ability. This conceptual paper reports about
exploring the practical application of course draw-
ing among high school engineering and graphics
and design learner. Therefore, course drawing is the
method use in EGD practical application to check the
theory taught (DBE, 2011). Course drawing can be
offered in two methods, which is randomly selection

of drawing from the pool and directly instructed
drawing. In course drawing it is expected of the
teachers to adopt the learner-centred approach.
As for Sotsaka (2017) in learner centred approach,
the teacher needs to be facilitators, their duty is to
monitor and supervise the learners to ensure that
the theory learnt in class can be applied during the
Practical assessment task (PAT). In the 215t century
drawing is versatile and useful for conveying infor-
mation (Makowska, 2019). It is critical that learners
apply good drawing techniques with good spatial
organization (Priya, 2016). In the following sections,
the subject knowledge of EGD will be explained, and
furthermore the pedagogical content knowledge
(PCK) of EGD will be described. Finally, this chapter
will also describe the challenges encountered in the
teaching and learning of EGD.

2. Literature Review

In this section existing literature is synthesised
and evaluated to gain an insight into the practical
application of course drawing among high school
engineering and graphics and design. According
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to Cohen, Manion, and Morrison (2007), the acqui-
sition of data can be done in two different ways.
Firstly, it could be a pre-existing information, waiting
to be accessed, such as past years' matric results.
Secondly, data can be collected directly and first-
hand from the source, such as interviewing and/
or observing people or collecting questionnaire
responses, are referred to as primary data. For
the purposes of this paper, literature is reviewed
on the practical application of course drawing in
Engineering Graphics and Drawing in education.
Firstly, Engineering Graphics and Drawing (EGD) cur-
riculum will be discussed. Secondly, the explanation
of EGD aims and examples of various drawings in
EGD are provided. Thirdly, assessments used in EGD
are identified and discussed concerning the purpose
and type of assessment as well as how assess-
ments are conducted in this subject. Furthermore,
the subject knowledge of EGD is explained and the
Pedagogical Content Knowledge of EGD is described.
In addition, Learners' motivation to study EGD is
discussed. Finally, this also describe the challenges
encountered with teaching and learning of EGD.

2.1 Engineering Graphics and Drawing (EGD)
Curriculum

The importance of Engineering Graphics and
Drawing (EGD) curriculum is to teach specific fun-
damental knowledge, various drawing techniques
and skills (CAPS, 2011). The EGD consists of several
concepts taught yearly for Annual Teaching Plan
(ATP) and general drawing principles for all tech-
nological drawings. These concepts are as follows:
Free-hand drawing, instrument drawing, first and
third angle orthographic projections, descriptive
and solid geometry, mechanical working drawing,
civil working drawing, isometric drawing, perspec-
tive drawing, electrical diagrams, interpenetrations
and developments, loci of helixes, cams and mech-
anisms, the design process and Computer-Aided
Drawing/Design (CAPS, 2011) These concepts aim to
assist the learners to be innovative, think critically,
be creative, reason visually, solve problems as well
as work value and nurture teamwork and collabo-
rative skills (Makhubele et al., 2019).

2.2 EGD Aims

As stated in CAPS (2011), the specific aims of EGD
are to teach learners graphical drawings as the pri-
mary means of communication in the technological
world. Furthermore, learners need to understand

and apply the specific basic content and concepts
within the contexts of Mechanical Technology, Civil
Technology and Electrical Technology (CAPS, 2011).
This could be accomplished with the use of the var-
ious instrument and freehand drawing techniques
and skills to solve technological problems through
graphical drawings. This implies that learners will be
required to apply the design process to achieve these
aims (CAPS, 2011). Furthermore, it is also required
that learners use advance technological drawing
methods with the use of Computer-Aided Drawings/
Design (CAD) to be relevant in the 21t century and
the era of the Fourth Industrial Revolution (CAPS,
2011). It may be argued that EGD gives expression
to the knowledge, skills and values worth learning
in schools. In this case, the curriculum ensures that
learners acquire and apply knowledge and skills in
ways that are meaningful to their own lives (CAPS,
2014). This statement is supported by Elom (2014),
who argues that drawing subjects particularly EGD,
are the factory to produce the needed technologists,
technicians and craftsmen as well as skilled artisans
required to turn the nation's economy positively,

For learners to develop the skills, EGD teachers should
expose learners to hands-on experience of drafting
techniques, drafting standards and conventions
(Singh-Pillay & Sotsaka, 2017). These authors fur-
ther argue that rote learning or memorization does
not provide the opportunity to develop these skills.
Literature shows the most effective approaches of
teaching practical skills relate to enquiry, demonstra-
tion, project, and assignment methods (Makhubele
etal.,, 2019). To promote conceptual deeper forms of
learning, teachers need to understand how students
approach learning (Simelane-Mnisi & Mji, 2017). To
enhance learners' skills, abilities as well as compe-
tence in EGD, the teacher need to guide learners
with positive attitudes and values (Priya, 2016). These
authors further emphasize the EGD quality of learn-
ing as it is considered critical factor for producing
competent professionals. To build a strong nation
and to bring out the best way to get along with global
competition (Priya, 2016).

2.3 Drawings in EGD

According to Zychowska (2019) drawing serves the
purpose of information and becomes a tool for con-
veying messages. Quillin & Thomas (2015) supports
Zychowska's view by further indicating that archi-
tectural drawings in the 215t century has become
a versatile and complex medium for conveying
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information (Quillin & Thomas, 2015). In architecture
the process of drawing teaches students about archi-
tecture as a profession (Zychowska, 2019). Quillin
& Thomas (2015) argue that the drawing of visual
representations is critical for learners as well as sci-
entists alike to enable visual model-based reasoning.

In the current era, research shows that technological
disruption in the traditional process of design impact
on the architect's way of thinking (Kowalczewski
et al.,, 2019) This implies that modern technology
allows the combination of freehand drawing, soft-
ware and other tools (Kowalczewski et al., 2019)
In the South African EGD context particularly in
high school matriculation examination, literature
revealed that learners' academic performance in
Assembly Drawing is usually poor (Singh-Pillay,
2017). This author further states that the reason
for a low performance is due to the fact that the
majority of teachers failed to develop visual, spatial
skills in learners. In this study to understand the
practical application of course drawing it is impor-
tant to present the different types of drawings
that learners are expected to draw. According to
DBE (2011), EGD has various types of drawing on
it curriculum which include free-hand, instrument
drawing First and third angle orthographic projec-
tions, descriptive and solid geometry, mechanical
working drawing, civil working drawing, isometric
drawing, perspective drawing, electrical diagrams,
interpenetrations and developments, loci of helixes,
cams and mechanisms, design process as well as
Computer-Aided Drawing.

2.4 Assessment in EGD

Assessment is the most powerful instrument for
teachers as itinfluences the way students respond
to a subject (Gibbs, 1999). Additionally, Mnisi (2015)
describes assessment as a fundamental part of
teaching and learning as it makes a judgment about
how students' tasks meet appropriate standards.
Assessment is the process of identifying, gathering,
and interpreting information about the performance
of learners using continuous planned various forms
(CAPS, 2011). Four steps involved in the assessment
process include generating and collecting evidence
of achievement; evaluating this evidence; recording
the findings and using this information to under-
stand. These steps contribute to the learner's
development to enhance the learning and teaching
process (CAPS, 2011). The purpose of assessment is
to assist students to learning how to identify their

strengths and weaknesses (Simelane-Mnisi & Mji,
2014). Assessment of students' competency should
be measured in a way that provides students with
an opportunity to demonstrate knowledge and skills
acquired. Several studies have been conducted on
the assessment and marking of student work in
engineering graphics course (Elrod & Stewart, 2005).

2.5 Type of Assessments in EGD

The type of assessments mostly used in EGD as
identified in the curriculum should be both informal
(Assessment for Learning) and formal (Assessment
of Learning) (CAPS, 2011). This section briefly dis-
cusses beneath.

2.5.1 Assessment for Learning

Assessment for learning is the assessment designed
to inform teaching itis a way to see what the students
can do and a way to see what the teachers should do
in response, Mnisi (2015), Brown & Glasner (1999)
state that assessment for learning focuses on class-
room strategies and techniques related to classroom
learning. In this regard, assessment for learning
is mostly referred to as continuous assessment
and formative assessment (Mnisi, 2015). The EGD
assessment strategies associated with assessment
for learning include observations, discussions, prac-
tical demonstrations; student-teacher discussions,
and informal classroom interactions (DBE, 2011). In
most cases, formative assessment promotes stu-
dents to obtain answers to difficult questions they
encounter, and practice in the environment where
they receive constructive feedback to enhance the
learning process (Beatty & Gerace, 2009). The pur-
pose of assessment for learning is to constantly
gather information on a students' achievement
that could be used to improve their learning (DBE,
2011). Assessment for learning assists in monitoring
of students' progress.

2.5.2 Assessment of Learning

Assessment of learning is a summative assessment
used primarily to compare students and report pro-
gress (DBE, 2011). Assessment of learning are all
assessment tasks, which make up a formal program
of assessment for the year (DBE, 2011). It is the
strategy designed to confirm what students know,
usually demonstrating whether they have met
curriculum outcomes of their individualized pro-
grams, or to certify proficiency and make decisions
about students' future programs or placements
(Mobara, 2018). The assessment strategies used
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for assessment of learning include projects, oral
presentations, demonstrations, performances,
tests, examinations, practical tasks, etcetera. These
assessment tasks are used for progression and
certification purposes because they are marked
and formally recorded (CAPS, 2011). In this case,
assessment of learning becomes public and results
in statements or symbols about how well students
are learning (Mobara, 2018).

These forms part of a year-long formal programs
of assessment in each grade and subject (CAPS,
2011). Assessment of learning tasks ensures proper
standards as well as maintains quality assurance
through moderation (CAPS, 2011). The policy states
that moderation for the purpose of quality assur-
ance as well as for ensuring proper standards are
maintained in all formal assessment tasks (CAPS,
2011). The formal assessment offers teachers with
a systematic technique of evaluating learners' pro-
gress in a grade and in a particular subject. Since
EGD teaches both the knowledge and application
or skill-based subject, the policy emphasizes at
least formative or summative assessment tasks
be conducted on weekly basis (CAPS, 2011). Thus,
the minimum formal assessment requirements for
Engineering Graphics and Design in Grade 10 is two
tests, 12 course drawings, mid-year examination
and one Practical Application (PAT).

2.6 Implementation of EGD Assessments

In EGD, assessments are conducted in two app-
roaches, which is formal and informal (CAPS, 2011).
The EGD assessment for learning priorities the pur-
pose of continuously collecting information on a
learner's achievement that can be used to improve
their skill in their figure tips. Informal assessment is
a daily monitoring of learners' progress (CAPS, 2011).
This is done through observations, discussions, prac-
tical demonstrations; learner-teacher conferences,
informal classroom interactions, etc. Informal assess-
ment may be as simple as stopping during the lesson
to observe learners or to discuss with learners how
learning is progressing (CAPS, 2011).

2.7 Subject Knowledge of Engineering
Graphics and Design Subject Challenges

Literature shows that poor performance in EGD is
caused by lack of the importance of the drawings
equipment (Khoza, 2004). Lack of the drawing equip-
ment such as A3 drawing board with a T-square,

masking tape, drawing pencil: 2H, 3H or 4H, eraser,
ruler, 30°/60° drawing set square, 45° drawing
set square, drawing compass, divider, small pro-
tractor, dust cloth and calculator do contribute to
poor performance (Singh-Pillay & Sotsaka, 2017).
Furthermore, Khoza (2004) highlighted inadequate
motivation concerning drawing, lack of necessary
instruments and bad teaching and learning materials
(textbooks) as other contributors to poor perfor-
mance. It was further found that many learners
perform poor in the technical subject outside their
schooling years because they were not exposed to
full effective practice (Mtshali, 2018). In addition, up
to now the major challenge in educating prospec-
tive professional engineering students is the poor
quality of school teaching in these subjects. These
challenges lead to poor performance in Grade 12
(Singh-Pillay & Sotsaka, 2017).

Fleisch et al. (2007) argue that most South African
EGD learners perform poorly on national examina-
tions in EGD particularly in paper one. This brings
a hunch about learners' performance on paper
one since Civil Drawing is also examined in paper
one. There is a range of complex reasons for this
underachievement (Fleisch et al., 2007). One of usual
reasons becomes the macro-societal level, where
poverty, malnutrition, unemployment, and high HIV/
AIDS rates in many communities have a very strong
correlation with poor learner achievement (Fleisch
et al., 2007). Khoza (2004) states that the society,
too, must bear its share of the responsibility for the
performance of learners at school. What occurs at
school is animage of what is happening in our society
(Khoza, 2004).

According to Aganga (1998) most secondary school
laboratories fall short of this basic standard and
therefore this has a negative impact on learners'
performance in civil drawing task lessons. Aganga
(1998) also found that schools with relevant instru-
ments, decent furniture and laboratory equipment
brings an effective practice of learners on EGD
activities. In some instances, EGD teachers are
teaching the outdated civil drawing task because
they lack ICT tools and resources to implement the
new programs (Mtshali, 2018). However, Mtshali
(2018) further stresses that the challenging partin
teaching the practical skills in technical subject is
caused by teachers not having a sound knowledge
of the subject, inadequacy of teaching materials,
and inadequate skills in the subject possess poor
result in the subject.
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2.8 Classroom Requirements

Sufficient space for medium-to-large school desks
or drawing tables, desks with a minimum top size of
700 mm x 450 mm or A2, or larger drawing tables
that will sufficiently accommodate an A3 drawing
board and drawing instruments. All the computer
hardware and software required for CAD, large
blackboard and/or whiteboard, with an eraser and
chalk/pens, large set squares, ruler, protractor and
compasses for the black/whiteboard. In addition,
classroom requirements include overhead projector
and large projector screen, large lockable cupboard
for all the teacher's files and resource material,
sufficient cupboards or storage space for all the
learners' EGD files, approved EGD textbooks, with
explanatory examples and exercises for each topic,
and teachers' guides and sufficient A4 or A3 drawing
sheets for all the drawing tasks and an approved
EGD textbook with self-explanatory examples and
exercises for each topic.

2.9 EGD Learning Requirements

The school should have adequate security in place to
protect all the necessary resources and equipment. It
should also have enough room for medium-to-large
school desks or drawing tables, as well as adequate
artificial fluorescent lighting, desks with a minimum
top size of 700 mm x 450 mm or A2, and larger draw-
ing tables that can hold an A3 drawing board and
drawing instruments. All the computer hardware
and software required for CAD must be available
at the school. For a successful presentation of the
subject, equipment such as a large blackboard and/
or whiteboard with an eraser and chalk/pens, large
set squares, ruler, protractor, and compasses for the
blackboard, overhead projector and large projector
screen, huge lockable cupboard for all of the teach-
er's files and resource material should be in place.
There should also be storage space, such as cabinets
and shelves, as well as space for all of the learners'
EGD files. The certified EGD textbook, which includes
explanatory examples and exercises for each topic,
as well as teachers' instructions and enough A4 or
A3 drawing sheets for all the drawing tasks, is also
necessary. Learners need to have an approved EGD
textbook with self-explanatory examples and exer-
cises for each topic, workbook/work file may only
be used in conjunction with a textbook and not as a
substitution for a textbook. The learner is required to
bring a large file, A3 drawing board with a T-square,
masking tape and drawing pencil: 2H, 3H or 4H.

3. Pedagogical Knowledge Content
of Engineering Graphics and Design
Engineering

Educational researchers, particularly Ingersoll (2001)
noted the lack of attention given to the needs and
concerns learners become a hitting stone at the end.
Likewise, these seasoned specialists are able to offer
unique and valuable contributions to their work sit-
uations. The obligation to educate children requires
the nation to invest in all teachers. In a laboratory
teacher must be in a position of the Association of
Supervision and Curriculum Development. Ingersoll
(2001) holds the belief that teachers who have been
teaching a few years simply go along as always. In
short, course drawing tasks which are given to learn-
ers at the end of any topic covered in a week to check
their level of understanding, course drawing are used
to measure the speed and standard of learner's abil-
ity individually. Bjurulf & Kirlbrink (2012) stipulate
that in Sweden more emphasis of EGD courses is
given to undergraduate learners (Grade 10-12) for
engineering purposes. Learning should be more
conceptual than the current traditional way of teach-
ing (Bjurulf & Kirlbrink, 2012). Based on a review of
the distinction between conceptual and procedural
knowledge, an analysis of student solutions to tasks
designed to be solved with a conceptual approach
but 'proceduralized' by the learners sheds some new
light on this classical distinction.

According to Lunetta et al. (2007), in a study con-
ducted in Sweden by Ingersoll (2001), for course
drawing to be effective in their laboratory learners
are compulsory to organize and deploy cognitive
ideas in the school's laboratory as part of skills
acquire. In support of Lunetta et al. (2007) who state
that failure of correct integration may cause the
teaching of EGD to lose its value and set standards.
This further stipulate that for Swedish learners to
fully understand EGD lesson lies with school fur-
niture, meaning all EGD classes are fully furniture
with all necessary instruments: Laptops, Tablets,
Models, and Charts (Lunetta et al., 2007).

Literature further reveals that learners are able to
pass and perform in their course drawing task due
to concurrently learning taking place in their school
(Millar, 2002). Computation is an important part
to EGD lesson as it goes with understanding the
scale. Skills in computation have long been one of
the main objectives of engineering teaching and
learning in school and university (Millar, 2002).
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These authors argue that learners who, for exam-
ple, solve complex drawing correctly sometimes do
not know what to do if the task is given in different
angle (Haolader et al., 2017). Such behavior indi-
cates a poor conceptual understanding and become
a hit stone in a long process understanding.

In a study conducted in Germany, it is common
that learners use a handbook as engineers' data
reference book in the classroom and also in the
examination to ensure that they do well in their
given course drawing (Bjurulf & Kirlbrink, 2013).
However, in Bangladesh a learner must recall all
the information he/she requires to solve a problem
in the examination, if not supplied as data sheet
together with a question paper (Bjurulf & Kirlbrink,
2013). Furthermore, in Bangladesh questions/exam-
inations are designed in such a way that learners
can answer the questions without a reference book
because the necessary data sheets are supplied
(Bjurulf & Kirlbrink, 2013).

4. Learners' Motivates to Study EGD

Motivation, as Rubenstein, Pohl et al. (2017) point
out, is a complicated phenomenon. Motivation,
according to behaviorists, is merely the anticipa-
tion of a reward (Brown & Glasner, 2000). However,
cognitivists consider motivation to be more closely
tied to the learner's decisions, as stated by Brown
& Glasner (1999), the choices people make about
what experiences or goals they will pursue or avoid,
and the degree of effort they put forth in doing
so. Overall, a greater understanding of students'
motivation and attitudes may aid engineering cur-
riculum and teachers in developing EGD teaching
programs that generate the attitudes and motiva-
tion most conducive to the development of more
effective architecture, quantity survey, and other
engineering products (Rubenstein, Pohl et al., 2017).
The motivation of the learners to study EGD is crit-
ical in this study.

Since the 1990s there has been considerable growth
in the adoption of technical subject and Engineering
Graphics and Design has been part of those
adopted subject within higher education (Adrian,
1991). Despite the widespread growth in practice
of EGD, concerns continue to be expressed about
the extent to which effective use is being made for
all the EGD learners (Cuban et al., 2001). The shar-
ing of 'good practice' and 'lessons learned' among
EGD learners can help learners to gain interest in

the subject and that also lead in great inspiration
to pass (Zychowska, 2019).

5. EGD Teaching and Learning
Challenges

DoE (2012) stressed that in South Africa, technical
subjects aim to construct and improve the built
environment to enhance the quality of life of the
individuals and society. In support of this view Maeko
and Makgato (2017) state that the aim of practical
task is to equip learners with first-hand experience
in preparation to trade industries. In addition, tech-
nical subjects strive to produce learners that are
equipped with both knowledge and skills to solve
problems that will improve the built environment
and enhance the quality of life of the individual and
society (Kennedy, 2011). However, Khoza (2004),
state that challenges discovered relates to classroom
discipline classroom management can also be the
main cause of EGD poor academic performance.
Khoza (2004) further stressed that the way teaching
takes place has implications for classroom control
and that learners' behavior can also have an influ-
ence on the teaching style.

South African's learners mostly perform poorly on
national examinations in EGD particularly in paper
one (Fleisch et al., 2007). There is a range of com-
plex reasons for this underachievement. One of the
usual reasons becomes the macro-societal level,
where poverty, malnutrition, unemployment and
high HIV/AIDS rates in many communities have a
very strong correlation with poor learner achieve-
ment (Fleisch et al., 2007). In addition, Khoza (2004)
states that the society too, must bear its share of
the responsibility for the performance of learners
at school. What occurs at school is an image of what
is happening in our society (Khoza, 2004).

Aganga (1998) also found that schools with relevant
instruments and decent furniture laboratory brings
an effective practice of learners on EGD activities. In
some instances, EGD teachers are teaching the out-
dated civil drawing task because they lack ICT tools
and resources to implement the new programs
(Mtshali, 2018). In proceeding with Mtshali (2018),
this author highlights the challenging part in teach-
ing the practical skills in technical subject is caused
by teachers by not having a sound knowledge of
the subject, inadequacy of teaching materials, and
inadequate skills in the subject possess poor result
in the subject.
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6. Results and Discussion

The aim of this conceptual paper was to analyse
literature relating to practical application of course
drawing in Engineering Graphics and Drawing in
education. It further outlined challenges encoun-
tered when teachers apply the traditional method
of teaching EGD course drawing which hinders
the learner's active involvement in the drawing.
The outcome of this conceptual paper was limited
to the literature scope. Various data bases and
scholarly search engines were used to get rele-
vant literature. In the review of the literature the
focus was based on the discussion on Engineering
Graphics and Drawing (EGD) curriculum. Existing
literature, indeed, indicates that teachers are
trapped in using the traditional method when
teaching and assessing EGD learners which we
find it as a step back in current days. The assess-
ments used in EGD were identified and discussed
concerning the purpose and type of assessment as
well as how assessments were conducted in this
subject.
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