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This article presents a two-year study in creating the right environment for teaching delivery in
manufacturing engineering education. The core theme in this course is Design-For-X (DFX). A
major agendaof thisarticleisthe effectiveteaching delivery designed to enhance the crucial impact
of the DFX in developing new and novel products. This course is offered against more traditional
engineering subjects in order to update and boost the design content of the current manufacturing
and CAD/CAM undergraduates’ curricularespectively. Students are exposed to various DFX tools
like Design For Assembly, Design For Environment, Design Failure Mode and Effect Analysis, as
well as Quality Function Deployment. It is noted that major accomplishments by
students include teamwork awareness, better problem definition skills, responsiveness and
innovativeness. The perception that engineersarerequired to think creatively and critically isclearly
shown by students. Students’ responses to the DFX course are presented and evaluated. The
article also discusses the strengths and limitations of the current DFX course contents, as well as

new challenges for future endeavours.

INTRODUCTION

The manufacturing sector has turned out to be one of
Malaysia's major income-generating activities since
the early 1970s. With a contribution of over 28% of
the Gross Domestic Product (GDP), the manufactur-
ing sector is spearheading the Malaysian economy,
most notably after the 1998 downturn [1]. Neverthe-
less, Malaysia cannot claim that it is capable of
exploiting the advancement of manufacturing technolo-
gies because, in many cases, the source and control
of thesetechnologieslie primarily in foreign hands.
As the manufacturing sector will continue to be
the engine of growth for the future, it isimportant that
skills development measures are undertaken in tan-
dem with thetype of skillsthat arein demand to suit a
rapidly changing technological environment. Thereis
agreat need to educate and train more engineers and
techniciansfor industries[2]. The output of graduates
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fromuniversitiesand technical institutionsis presently
grossly inadequate. A lack of qualified manufacturing
engineers and not enough specialists with industry
specific knowledge have been identified as two
common barriersto implementing advanced manufac-
turing technologiesin Malaysia[1].

Thisarticle has been written in order to discussan
evauation of innovativeteaching delivery of anintegrated
product design course called Design-For-X (DFX) at
a premier engineering university in Malaysia. The
objective of thiscourseisto give manufacturing engi-
neering students an insight into the expanding rol e of
the manufacturing function by providing abroad-based
view of industrial needs and a knowledge of the
enabling technol ogies and techniques, primarily DFX.

The DFX consists of many reliable and tested
approaches and techniques, including Design For
Assembly (DFA), Design Failure Mode and Effect
Analysis(DFMEA), Design For Environment (DfE),
Quality Function Deployment (QFD) and others. The
DFX can contribute in many ways to the improve-
ment of productivity, increased quality and reduced
reworking costs, improved production efficiency and
shortened production cycles.
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Inthisarticle, the DFX isdefined as:

.. methodologies, techniques and work-
ing practices that cause a product to be
designed and manufactured for the
optimum manufacturing cost, the optimum
guality, and the optimum achievement of
lifecycle support.

A two-year study on the implementation of the
innovative teaching delivery for the DFX course is
presented here.

JUSTIFICATION FOR THE DFX COURSE

The concepts of Design For Assembly (DFA), the
Design Failure Mode and Effect Analysis (DFMEA)
technigue, Design For Environment (DfE) approaches
and Quality Function Deployment (QFD) are specifi-
cally included withinthedefinition of DFX. Atthesame
time, educating young manufacturing engineering
undergraduates at the university level of theDFX isa
key strategy that this article endeavours to draw out
by addressing two broad aims, namely:

« The DFX’srelevance to the formation of young
professional engineers specialising in total
product devel opment.

e« The DFX’s importance within the context of
total design and advanced manufacturing tech-
nologiesin presenting a holistic view of product
development.

The holistic view of product development is
consistent with Pugh’s concept of total design, which
envelops a much wider spectrum than conventional
or traditional engineering [3]. Thedevel opment of new
or improved products will involve design and manu-
facturing, but real business successisachieved if this
activity is driven and controlled by the systematic
assessment of market needs. The design core is that
which connects the selling back to market needs.

In a product context, appropriate technology
dependent methods are necessary and these methods
cover the area of traditional engineering that address
the suitable use of materials for a product’s design
and to servefunctional needs. Traditional engineering
is being complemented with further methods (often
team-based) in order to assist with the efficiency and
effectiveness of the design core, such as QFD, DFA,
DFMEA, DfE, etc. These methods are directed
towards the actual process of assessing and serving
needs through product design; this includes market
needs and manufacturing needs.

In the modern manufacturing organisation, it is
axiomatic that serving manufacturing needswill also
serve market needs due to the required responsive-
nessto customers. One danger of thetraditional engi-
neering approach, whichiscentred on product design
for function only, is that the business organisation
encouragesdesignerstoindulgethemselvesin engineer-
ing design and less in communication and assessing
the overall needs to be served.

DELIVERY MECHANISMSFOR DFX
TEACHING

The DFX course covers a structured methodology in
design and manufacture. The planned development
and delivery processisshownin Figure 1. Thiscourse
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Figure 1. Development and delivery flowchart of the
DFX course.
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is offered to the fina year undergraduate students
pursuing the bachel or degreesin manufacturing engi-
neering and Computer-Aided Design/Computer-Aided
Manufacture (CAD/CAM), respectively, as a core
subject. The detailed descriptions of each topic can
be found elsewhere [4-6].

Within the DFA course, students are given valu-
ableopportunitiesto learn to simplify product designs
and reducethe amount of motion required to assemblea
product. The method focuses on designing a product
for ease of assembly. Therefore, in order to accomplish
ease of assembly, first and foremost, an assembly has
to be rationalised. A rationalisation of assembly
accomplishes an improvement in the effectiveness
of an assembly, the quality of the product and the
environment surrounding the assembly system.

During these sessions, students are told to adhere
to the four main goals that must be achieved in
designing for ease of assembly, namely:

e Goa 1: Improvement of the effectiveness of an
assembly operation.

»  Goal 2: Improvement of product quality.

e Goa 3: Improvement of the assembly system
usability.

*  Goa 4: Improvement of theworking environment
within the assembly system (for the operators).

Two commercially available DFA packages are
used in the teaching delivery, namely: Boothroyd
Dewhurst DFA [5] and Lucas Design For Assembly
Technique [6]. Students will be given one individual
assignment and one group project for evaluation
pUrposes.

For the individual assignment, students have to
investigate the usefulness of DFA commercial pack-
ages, its strengths and weaknesses, the popularity of
these packagesin related industries and a description
of several real-life applications of DFA.

In the group project, students are requested to
conduct a DFA analysis on currently available
products, such as athree-pin electric plug, apersonal
computer mouse, a telephone set, PC printer, etc.
Students have to conduct the study for a given
duration in the classroom and submit awritten report
on the project. Students are evaluated on team effort,
time to complete the given assignments, the ability to
defend the outcomes of their DFA analyses and the
clarity of their reports.

Delivery Process on Design Failure Mode and
Effect Analysis

Thetopic on Design Failure Mode and Effect Analysis

(DFMEA) is taught to students immediately after
completing the DFA exercises. DFMEA is a
structured and analytical approach that is used to
identify potential areas of design and process-related
risks. The ultimate objectivein thissessionisto teach
studentsin aproven techniquein order to eliminate or
reduce the probability of failures associated with the
risk in designing new products, or at least to minimise
the probability of failuresoccurring.

As presented in many publications worldwide,
DFMEA is used as a tool to assist design teams in
addressing problem areas early in the product devel-
opment cycle, where changes are far less expensive.
A group project is prepared for students, who are
requested to conduct a DFMEA on samples ranging
from an automotive engine, a car’s air-conditioning
system, braking system, electrical system, suspension
system, etc.

Delivery Processon Design for Environment

The topic of Design for Environment (DfE) is
relatively new for studentsin Malaysia. In the DFX
course, students are exposed to the importance of
considering theimpact of product designs on thetotal
environment. DfE considersthe potentia environmental
impacts of a product and the processes used to
make that product, including components and raw
materials. DfE can be considered onefacet of lifecycle
management. The life stages of a product start
with the extraction of resources for raw material
inputs, move to manufacturing, distribution, use, and
end with the disposal of the product and packaging at
the end.

DfE principlesevauatefacilitiesand local —aswell
as global —impacts. They a so include habitat distur-
bance, emissions and effluents, chemical releases,
inefficient use of water and energy, solid waste, and
much more. The application of DfE also considers
recovery of the product at the end of its useful life
through Design for Disassembly, Design for
Remanufacturing, and Design for Recycling.

Delivery of Quality Function Deployment

The fourth DFX component to be taught is Quality
Function Deployment (QFD). Quality must bedesigned
into the product, not inspected into it. Quality can be
defined as meeting customer needs and providing supe-
rior value. Thefocus on satisfying a customer’s needs
places an emphasis on techniques, such as QFD, in
order to help understand those needs and plan aprod-
uct to provide superior value. QFD is a structured
approach to defining customer needs or requirements
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and trand ating them into specific plans so asto pro-
duce products to meet those needs.

The voice of the customer is the term to describe
these stated and unstated customer needs or require-
ments. The voice of the customer is captured in a
variety of ways: direct discussion or interviews,
surveys, focus groups, customer specifications,
observations, warranty data, field reports, etc.

This understanding of customer needs is then
summarised in aproduct planning matrix or house of
quality. These matrices are used to translate higher
level whats or needs into lower level hows - product
reguirements or technical characteristics to satisfy
these needs. While the QFD matrices are agood com-
muni cation tool in each step of the process, the matri-
ces are the means and not the end. The real valueis
in the process of communicating and decision-making
with QFD. QFD isoriented towardsinvolving ateam
of people who represent various functional depart-
ments that are involved in product development,
including: marketing, design engineering, quality
assurance, manufacturing/manufacturing engineering,
test engineering, finance, product support, etc.

The active involvement of these departments can
lead to a balanced consideration of the requirements,
or whats, at each stage of this translation process and
provide a mechanism to communicate hidden knowl-
edge, which is known by one individual or
department but may not otherwise be communicated
through the organisation. The structure of this
methodology hel ps devel opment personnel understand
essential requirements, internal capabilities and
constraints, and thus design the product so that every-
thing isin place in order to achieve the desired out-
come - a satisfied customer.

QFD helps development personnel maintain a
correct focus on true requirements and minimises
misinterpreting customer needs. As aresult, QFD is
an effective communications and a quality planning
tool. QFD requiresthat basic customer needs areiden-
tified. Frequently, customers will try to express their
needs in terms of how the need can be satisfied and
not in terms of what the need is. This limits the con-
sideration of development alternatives. Development
and marketing personnel should ask why until they
truly understand what the root need is. Students are
given one group assignment on devel oping the house
of quality, which is the first matrix of QFD.

CHALLENGESINACHIEVING
INNOVATIVE TEACHING DELIVERY

It is important to note that, on a wider scale, the
survival of manufacturing industries depends largely

on faster delivery of abetter product and high quality
and low cost to customers. In the case of Malaysia,
industries and organisationsarelooking for well-trained
graduates to meet the above challenges. With respect
to product design and manufacture, the abilities to
visualise and predict the outcomes of adecision made
in developing new products at the early design stage
are vital for engineers in order for any product
development processto function effectively.

Engineering education has come under heavy
criticism because of alack of attention in introducing
new skills requirements and the need to better
prepare engineering graduates for job demands. A
study was conducted on how engineers spent their
time and what knowledge was required in their job
assignments [7]. It was found a considerable amount
of knowledge that the engineers felt was required to
perform their job but was not part of their under-
graduate education. Troxler proposed that part of the
solution to the above challengeinvolvesthe discovery
and identification of integrated activities setsand teach-
ing methods, which simultaneoudy supply studentswith
thebasictools, critical thinking abilitiesand synthesis-
ing experiences with all aspects of modern manufac-
turing processes, in away that allowsthem to be more
productive and creative in industry over a shorter
period of time[8]. Engineering students need to learn
manufacturing engineering by integrating design, manu-
facturing processes, customers' needs and wishes,
cost sensitivity and failure predictionsanalysis.

Hence, in the DFX course, the challenges to be
addressed are identified asfollows:

»  Engineering students should be ableto effectively
functionin multidisciplinary teams;

»  Engineering students should be able to communi-
cate effectively and confidently;

e There should be strong action and response in
identifying, formulating and solving design and
manufacturing problems;

»  Engineering students should have the ability to
utilise various techniques (DFA, DFMEA, DfE
and QFD) to develop new products and effective
processes;

 Knowledge of contemporary issues, which are
related to new techniques and tools in the prod-
uct devel opment process, should be increased.

COLLATING LEARNING ASSESSMENT

Students viewed this DFX course as a totally new
subject and interestingly different from the usual
engineering topics, like strength of materials, thermody-
namics, fluids mechanicsand engineering mathematics.
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Assessment begins by evaluating the general level of
interest in this subject, followed by astudy on the use-
fulness of the DFX course, then interest and
participation levels of studentsinindividual topicsis
covered. In addition, studentswere al so asked to write
acritical evaluation of their learning upon completion
of the course.

The assessments were conducted on two groups
of students at the university, namely: the 2000/2001
final year undergraduate students and the 2001/2002
final year undergraduate students.

Students' Interest Level inthe DFX Cour se:
Beforeand After

In this survey, students were asked to indicate their
respectivelevel of interest onthe DFX course prior to
the first lecture at the beginning of the semester and
at the final lecture before the examination week. It
was found that for 2001/2002 group, the score for
before was 37% and for after was 69%.

It is understood that the nearly half of the class
were aready well aware of the existence of methods
such as DFA and QFD, primarily due to the fact that
such topicsare also covered, athough not in detail, in
other courses. As expected, nearly two-thirds of the
students placed an X at the 80% point or higher on the
level of interest after taking up the DFX course. Only
one student indicated that the course did not meet his/
her expectations, as the scores for before
and after were similar, as well as being very low in-
deed.

Usefulness of the DFX Course

Themain aim of thisparticular assessment isto gather
insight into students' perception on the useful ness of
the DFX course for their respective professional
career after graduating from the university. Responses
from both groups of students were collected; these
values are shown in Figure 2.

The black coloured bar represents the year 2001/
2002 group and the grey coloured bar represents the
year 2000/2001 group. It can be seen that mgjority of
students, ranging from 50% to nearly 75%, indicated
that the DFX course contents were very useful for
their respective professional career after graduation.

About 20-40% of students stated that the DFX
course contents had some level of usefulness, while
about 5-7% indicated that the DFX course contents
had little use. No student stated that the course
contents were not useful at all.

This assessment provides an indication that
students did value the contents of the DFX course.

Not Useful

Little Use

Some

Very Useful

0 20 40 60 80
% Students

Figure 2: Usefulness of the DFX course.

The high values on the very useful category show
that the DFX course does provide val ue-added knowl-
edge for these undergraduates when they apply for
jobs, especially in manufacturing-related industries.

Students' Levd of Interestin Individual
Topics

Four topics have been substantially coveredinthe DFX
course, namely: DFA, DFMEA, DfE and QFD. There
are two major sub-topics taught to the students with
regard to DFA; these are the Boothroyd Dewhurst
DFA method and the Lucas Design For Assembly
method.

The objective of this assessment is to determine
students' ability to appreciate and apply these tools
and techniques in a problem-solving environment as
it relates to a product development process. Hence,
their appreciations of these tools and techniques are
directly proportional to their own interestsinlearning
about these methods. The higher the level of interest
indicates that students were really well versed
in applying these DFX tools and techniques appropri-
aely.

Resultsfrom students’ assessment on theindividual
topics covered in the DFX course are shown in
Figure 3. The black coloured bar represents the year
2001/2002 group, while the grey coloured bar repre-
sents the year 2000/2001 group. It can be seen from
thisbar chart that all of the DFX tools and techniques
coveredinthe coursereceived generously high levels
of interest among students (rank 100 = very interested;
rank O = not interested at all).

Thetwo-year study indicatesthat the DFA method
developed by Boothroyd Dewhurst is ranked as the
top DFX topic. This DFA technique utilises quantita-
tivedatalike handling time, insertion time and assem-
bly costs, whereby students can actually study the
impact of their decision-making immediately. There-
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Figure 3: Students’ interest levelsinindividual topics
of the DFX course.

fore, this would enable students to visualise the
outcomes of analysis in terms of dollars and cents.
This is one of the mgjor advantages of Boothroyd
Dewhurst’s DFA method.

It isinteresting to note that students regarded these
tools as very flexible and easy to implement. Thisis
dueto thefact that the techniquesinvolved very little
complex mathematical equations of the type that
students were used to in other heavy engineering
subjects. The ability to get results quickly, while also
working in ateam environment, provided asignificant
value-added factor into the delivery process of
teaching the DFX course.

Students Written Evaluation

In addition to the quantitative assessment above,
studentswere asked to write acritical evaluation upon
course completion of their learning throughout the
duration of the DFX course. Comments from their
individual learning statements yielded insight into
students’ knowledge development during the course.
For instance, students learned many innovative
lessons about the product development process, as
indicated by the following comments:

e This course offers some new innovations and
designs into a product development process.
It is helpful to create a better and higher quality
product.

e The course has a very wide view [on the
product development process], can learn many
aspect which are related especially the busi-
ness point of view, how to generate new ideas
for a successful business.

e The content of the course, especially [where]
| can learn on how to improve a product
design through DFA. | learn more about
product design.

Many students commented on the real world
experiences as offered by the DFX course. Three
students made the following statementsin the critical
evaluationform:

e The real life [examples] and the overall
subjects that the lecturer has linked together
are very good.

e | gain an experience on developing new prod-
ucts and learn about real life manufacturing
problem solving and analysis.

* Hands-on experience about a real product.
That’s what | like about this course.

Students al so learned how teamwork and commu-
nication could strengthen a design team. Comments
onthisareaincluded:

| liked the group discussion about [redesign-

ing] the three-pin plug where we can work as

a team.

* Re-design the mobile phone using the DFA
method with my team is what | really appreci-
ated.

e It [the DFX course] gives me an early experi-

ence on how to manage teamwork.

Many studentsalluded to theimportance of the DFX
course for their career development, as they learned
how to deal with aproduct development process sce-
nario. Thiswasrevealed by the following comments:

e Topics [covered in the DFX coursg] are very
important and related for future [career].

« Very interesting and useful for my career
development.

e The course has introduced practical skills that
can be applied in industry.

With regard to constructive criticism, students did
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Voice someinteresting suggestions to improve future
DFX courses. By providing these comments, students
demonstrated awareness of the importance of value-
added contents for the course in the future. Student
suggestionsincluded:

e« Have more case studies on the practical
usage of DFA, DFMEA, etc.

» Bring in more real life applications [of DFX
techniques] in various industries.

e Include more outdoor case studies, or real life
case studies where we can have a visit to a
manufacturing company and evaluate the
product development stages.

In fact, nearly 85% of the statements reviewed
indicated students' desire to have more practical
examples regarding actual implementation of DFA,
DFMEA, DfE and QFD inindustries. Thisshowsthat
studentsdid value theimportance of learning how these
tools and techniques are actually used in the manu-
facturing industry within the country.

There are also comments from students on the
learning approach used by the lecturer in teaching
the DFX course. This is to be expected because
students did have the liberty to compare the teaching
approach used in the course with other courses at the
university that they attended. Commentsincluded the
following:

e His [the lecturer’'s] ideas and teachings are
clear and go directly to the students.

e The lecturer has raised my interest in this
subject since the first lecture and my interest
has since been very high for this subject.

e The lecturer has managed to address 85% of
my early expectations about this course.
However, some detailed explanations about
QFD are not enough for this course.

* Most of the examples are from automotive
industries, but [in] the real world would be
better to use examples from other industries.

These statements do highlight an important point
regarding the availability of real life examples from
manufacturing companies in Malaysia. Manufactur-
ing companies or organisations are often reluctant to
allow access to detailed information, for example,
manufacturing times and costs, or often do not know
them. Itisviewed that, in thefuture, better interaction
between related companies and the university could
add a bigger impact with regard to gaining more
relevant examples for the benefit of students.

Undoubtedly, all students completed the coursewith

abetter understanding of theimportance of DFX tools
and techniques and an appreciation of the knowledge
gained throughout the course. The value-added
responses provide clear evident of this.

DISCUSSION

Students' learning assessments generated a very
interesting analysis. Overall, students' interest levels
inthe DFX course rose because the courseintroduced
them to various tools and techniques that are crucial
indeveloping new products. Thesetoolsand techniques
are never taught in detail in other courses.

Among the topics covered in the course, the
Boothroyd Dewhurst DFA method was ranked as
the most interesting topic by over 65% of students
from both groups. Students were given the opportu-
nity to re-design commonly used products, such as
the 13-amp three-pin plugs, using the Boothroyd
Dewhurst DFA method in a team environment. The
three-pin plugs assignment, whereby an evaluation
of the product design with respect to ease of
assembly and, to some extent, ergonomics, provided
for a highly accessible, error-free learning environ-
ment in which all studentsenrolledinthe DFX course
had the opportunity to participate in. For these future
young engineers, the ability tothink creatively along
DFA guidelines gave valuable exposure to the world
of systematic new Product Development Processes
(PDP) [9].

Themagjority of students’ project reportsindicated
that ease of assembly, whichisthemainaimfor DFA,
would be easily achieved by removing mechanical
fasteners alone, since the elimination of mechanica
fasteners like screws, bolts and solders would reduce
thetotal assembly time and total assembly costs. This
kind of early exposure on aproduct devel opment proc-
ess for them is definitely vital, especially given
that students are to be employed by manufacturing
industries after completing their studies.

Outdoor Assignment and Group Work

Studentsdid enjoy the outdoor assignment on DFMEA.
They were asked to perform a DFMEA on one of the
many systems currently available in a car. Doing an
assignment away from the usual classroom environ-
ment created an atmosphere of better communication
between them. Students had the freedom to discuss
the subject matter rather effectively and confidently
when they had a better view of the problem, in this
case, identifying possible failures and modes of
failure of an automobile's system (braking, electrical,
air-conditioning, exhaust, etc).
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Students easily identified the anticipated failures
through the DFMEA evaluation by each team
member. They were also able to rank these failures
according to the three major ranking criteria of
DFMEA, namely:

e Occurrence ranking;
*  Severity ranking;
»  Detection ranking.

In addition, students would discuss possible
corrective actions that needed to be taken in order to
overcome or reduce likely failures of a system.
Students enjoyed doing the group assignments, which
involved applying DFX tools and techniques. These
toolsand techniques are primarily designed for team-
work and are quite difficult to be used by a single
engineer working on a project alone.

I nadequate Practical Examplesand Case
Studies

Students have argued that the DFX course lacks prac-
tical or real life examples; this view is quite valid.
However, to obtain asmany real life exampleson the
DFX implementation in Malaysia as possibleis seen
to be agigantic task. Asindicated at the beginning of
this article, many industries in Malaysia have yet to
fully utilise these tools and techniques, since most of
them are involved only on so-called downstream ac-
tivitieslikefinal assembly, piece parts manufacturing
and product packaging. The design activity is per-
formed by parent companies that are located else-
where, for instance in the USA, Europe and Japan.

On the positive side, most of the information and
references related to DFX course contents gathered
by students were found via the World Wide Web
(WWW). However, these sources, according to
students, areinadequate. It wasfound that nearly 80%
of the responses studied mentioned the need to make
available study materials, including industrial practical
examples, case studies materials, industrial projects
reports, related journals and conference proceedings,
to students. This need would stretch the financial
commitments on behalf of the faculty towards a new
height. Further work is being done to assess the
financia requirementsin order to meet thisneed. One
suggestion is to request assistance from related
industries to play arole in providing the necessary
resources.

New Challenges Discovered

Overall, the DFX course managed to address the

challenges specified early in this article. The five
challenges have been confronted quite successfully.
These successes are identified as:

»  Studentsfunctioned as ateam in solving product
development related problems and tasks.

»  Students were able to communicate effectively
as team members.

»  Strong action and responses in identifying, for-
mulating, and solving design and manufacturing
problems using DFX tools and techniques as
systematic guidelines.

»  Students were confident in applying DFX tools
and techniques, most noticeably the Boothroyd
Dewhurst’s DFA method and DFMEA.

»  Students knowledgeincreased by learning these
tools and techniques.

Nevertheless, the study has shown that new chal-
lenges have been discovered and they subsequently
reguire urgent attention, and action must be taken to
overcome them.

These new challenges are as follows:

* The availability of more real life examples and
case studies for students.

e The alocation of more time to certain topics,
including DfE, QFD and DFMEA.

» Visitsto companiesthat use these DFX toolsand
techniques should be arranged for the benefit of
students.

e More outdoor group assignments to be planned
for students.

« Design of abetter formal assessment schemein
order to evaluate student performance in the
areas of teambuilding and related skills.

e Manufacturing companies should be encouraged
to actively participate in terms of information
sharing.

The course administrator and relevant faculty
members at the university are studying these new
challenges. Ongoing developments are currently
taking place for an improved curriculum of this DFX
course. Student enrolments for this course have
steadily increased.

CONCLUSION

Inthisarticle, thelearning outcomesin devel oping and
managing theinnovativeteaching delivery of the DFX
course and newly found challenges are presented. The
teaching delivery process of various DFX tools and
techniques, aswell as students’ |earning assessment ,
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have been discussed.

Allowing students to explore and learn about
practical methods in the product development
process, including manufacturing cost savings and
reducing human injuries through simple designs,
remove much of thefrustration engendered by attempt-
ing to learn without doing [9]. The outdoor group
assignments demonstrated the ability of students
to work in teams to solve design and manufacture
problems.

A lack of real life examplesin DFX related work
exposed one limitation in delivering this course.
Efforts have been carried out to address this.

Thearticle concludes by highlighting thefollowing
main points:

* The development of teamwork, creation of
better product designs, improvement in visualisa
tion skills, and enhancementsin problem-solving
skillsinthe DFX course permitted studentsto see
results more tangibly in their work and provided
an accompanying feeling of satisfaction.

e« The DFX course was seen to provide a range
of activities that requires the application of
knowledge in a context that relates to the market
being served, the technology of product design
and applications of advanced manufacturing
technologies.

e Future work on developing competent product
design engineers could be based on creating a
moreinnovative teaching environment for under-
graduate studentsto learn and apply DFX knowl-
edge on awider scale. Thisopportunity could be
applicable to the Malaysian scenario in order to
sustain rapid growth in the manufacturing sector
in tandem with the country’s pursuit of a fully
industrialised country by 2020.

e DFX education should beintroduced and enlarged
in all faculties of engineering at higher learning
institutions. Students entering the world of
professional engineering should be educated and
trained in a way that makes them respond to
modern-day challenges of industry.

Finally, creating and managing an innovative
teaching delivery isnot asimpletask. It isanticipated
that the course will grow in size. Being a newly
established course, it requiresasignificant investment
of faculty time and effort. The course administrator
and the faculty management must develop
methods, including the delivery process, to allow a
larger population of students to enrol in this course,
while keeping faculty commitments at a reasonable
level.
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