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Career Paths

Domain . Domain
Research & Design

Career
Path

Career
Path

Research >

Consultancy
Construction
Operation
Maintenance

f Civil
Graduates of Civil, Mechanical SR LRSS o Eh A

: . Electrical
Electrical & Chemical . : . .
, ] Mechanical, Chemical Engineering Technology
Engineering Programmes

Programmes




Washington Accord Graduate Attributes
(PROGRAMME OUTCOMES)

Developing Curricula

WA1 Engineering Knowledge Breadth & depth of knowledge

WA?2 Problem Analysis Complexity of analysis

WA3 Design/Development of Breadth & uniqueness of engineering problems i.e. the extent to
Solutions which problems are original and to which solutions have

previously been identified and coded

WA4 Investigation Breadth & depth of investigation and experimentation

WAS Modern Tool Usage Level of understanding of the appropriateness of the tool

WAG6 The Engineer and Society Level of knowledge and responsibility

WA7 Environment and Type of solutions
Sustainability

WAS8 Ethics Understanding and level of practice

WA9 Individual and Team Work Role in and diversity of team

WA10 Communication Level of communication according to type of activities performed

WA11 Project Management and Level of management required for differing types of activity
Finance

WA12 Life-long Learning Preparation for and depth of continuing learning




Engineering Domain

: Supervision &
Research & Design

Maintenance

Engineering Technologists

Strong in Appropriate
Mathematics, Mathematics,
Engineering Engineering

Sciences, Sciences,
Professional Professional

courses courses
(Theoretical) (Practical)
Engineering Engineering Technology

Breadth & Depth of Breadth & Depth of
Curricula Curricula




Skills
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Depth of Knowledge Required

Engineer
Solving —

Complex Engineering
Problems

Engineering
Technologist
Solving — N

Defim&\ﬂg\) ?\?f?ed
"o DYy Procedures,
20 .ucesses, Systems or
Methodologies

Engineering
Technician

R
Wide D"E((\\\\EO ¥ ocedures
\NEWO ~u Practices

In-depth knowledge
that allows a

fundamentals-based,
first principles
analytical approach

Knowledge of principles
with a strong emphasis

on the application of
developed technology

Extensive practical
knowledge supported

by theoretical
knowledge




Complex Problem

&
Need to think broadly and systematically

and see the big picture

Complex Problem

Difficult Decision

Uncertain Strategy

Confusing ldea

Contentious Product

Intractable Change



Difficulty & Uncertainty

* Complexity — the problem contains a large
number of diverse, dynamic and
interdependent elements

* Measurement — it is difficult or practically
unfeasible to get good qualitative data

* Novelty —there is a new solution evolving
or an innovative design is needed

10



Unbounded
Systems, No
Experiment

causal Chains

Difficult to
measure

Limited
Explanation,
Prediction,
Control

Systemes,
Controlled
Experiment

Explan

Prediction,
Control

Results in an
educated
guest

Complex

Technical

Measurable

Operating-with

scare
resources

A limited
number of
features are
captured by
the Model

Operating with

adequate
resources

All the Salient
features are
captured by

the Model




Characteristics

Complex Problems

Technical Problems

* |solatable boundable problem
* Universally similar type

» Stable and/or predictable
problem parameters

* Multiple low-risk experiments are
possible

e Limited set of alternative
solutions

* Involve few or homogeneous
stakeholders

* Single optimal and testable
solutions

* Single optimal solution can be
clearly recognised

No definitive problem boundary
Relatively unique or unprecedented

Unstable and/or unpredictable
problem parameters

Multiple experiments are not
possible

No bounded set of alternative
solutions

Multiple stakeholders with different
views or interest

No single optimal and/or objectively
testable solution

No clear stopping point



Scientific/Technical
Problems A

can combine to Complex Problem
form

13



Solving Complex Engineering Problems

Complex Engineering Problems have characteristic WP1 and some or all of WP2 to WP7. in addition EP1 and
EP2 in the context of professional competencies

WP1|| Depth of Knowledge Resolved with in- depth engineering knowledge (one or
required more of W’ tornem orren which allows a
G Need H/gh Taxonomy Leve/ ? )
fundamen.u.c cuocu, ol poeeies wedlytical approach
WP2 | Range of conflicting Involve wide-ranging or conflicting technical,
requirements engineering and other issues.
WP3 | Depth of analysis required | Have no obvious solution and require abstract thinking,
originality in analysis to formulate suitable models.
WP4 | Familiarity of issues Involve infrequently encountered issues
WP5 | Extent of applicable codes | Beyond codes of practice
WP6 | Extent of stakeholder Involve diverse groups of stakeholders with widely
involvement and level of | varying needs.
conflicting requirements
WP7 | Interdependence Are high level problems including many component
parts or sub-problems.
EP1 | Consequences Have significant consequences in a range of contexts.
EP2 | Judgement Require judgement in decision making H




Knowledge Profile (Curriculum)

Theory-based natural sciences WK1
Conceptually-based mathematics, numerical analysis, statistics and formal WK2
aspects of computer and information science to support analysis and modelling
Theory-based engineering fundamentals WK3
Engineering specialist knowledge that provides theoretical frameworks and WK4
bodies of knowledge for the practice areas; much is forefront

Knowledge that supports Engineering design in the practice areas WK5
Knowledge of Engineering practice (technology) in the practice areas WK6
Comprehension of the role of Engineering in society and identified issues in WK7
engineering practice: ethics and professional responsibility of an engineer to

public safety; the impact of engineering activity: economic, social, cultural,
environmental and sustainability

Engagement with selected knowledge in the Research literature WKS8

15




WK1
natural sciences

WK2
mathematics,
numerical
analysis,
statistics,
computer and

information
science

In depth for comp/ex'

problem WP1
WK3

engineering
fundamentals

WK4
engineering
specialist
knowledge

Knowledge Profile

4 YEARS

In depth for complex
problem WP1

WK5
engineering
design

WK6
engineering
practice

WK?7
engineering in
society

In depth for complexl

problem WP1

WKS8
research
literature




Exemplars of Curricula Models

Distribution of Knowledge, Skills & Attitude
elements throughout the 4 years

Yr. 4

S&A
30%

Yr. 3

K 70% K 70% K 70%

Yr. 2

S&A

Yr. 1

30%
S&A
30%

K 70%

S&A
30%




Al:Eng Knowledge A4:Investigation A6:Eng&Soc
A2:Problem Analysis A5:Tools A7:Env&Sust
A3:Design A9:Ind&Team A8:Ethics
A10:Comm
K1:Sci Al2:Lifelong
K2:Maths Al11:Proj Mgmt
K3:Eng Fundl . .
K4:Eng Speclt K6:Pract|ceh K7:Eng&Soc
K5:Design K8:Researc
Graduate Attributes
Al A2 Ad A5 A9 A6 A7 A8

K

Knowledge
(Cognitive)

K1 K2 K3 K4 K5

A10 All A12

S

Skills
(Psychomotor)

K6 K8

A

Attitude
(Affective)

K7

L) Complex
[7> Engineering

P1:K3,K4,K5,K6
and/or K8

P2:Conflicting
P3:No obvious soln

P4:Infrequent
P5:Beyond codes
P6:Stakeholder
P7:Interdependence

Al A2 A3
A4 A5

A6 A7

Solving

Problem

K3 K4 K5
K6 and/or K8




Complex Engineering Activities (Project-based ?)

Preamble Complex activities means (engineering) activities or
projects that have some or all of the following
characteristics listed below

Range of Involve diverse resources (people, money,

resources equipment, materials, information and
technologies).

Level of Require resolution of significant problems arising

interaction from interactions between wide ranging or
conflicting technical, engineering or other issues.

Innovation Involve creative use of engineering principles and

research-based knowledge in novel ways

Consequences to
society and
the environment

Have significant consequences in a range of
contexts, characterised by difficulty of prediction
and mitigation.

Familiarity

19

Can extend beyond previous experiences by




Problem Organised Project Work
or POPBL (Project Oriented Problem Based
Learning)

Problem Analysis Problem Solving

Tutorials Field Work Experiment




Example 1: Complex Problem Solving

Two villages in Timbuktu are separated from each other
by a valley, at its deepest section about 30 metres.

The valley is dry all the year around, except for the four
months, from October to December each year, where
torrential rainfall can flood major parts of the valley to a
depth of over 12 metres in some site.

The soil is generally lateritic with firm bedrock
underneath. A bridge connecting the two villages is in a
state of disrepair and has to be replaced.

Write a project brief on how would you approach to
design for the replacement bridge.

You are limited to the use of locally available building
materials.

Heavy equipment is not available for the construction.




Aspects

* Economics

e Social

* Environment
* Ethics

* Management
 Technology

* Analysis

e Evaluation

22



Thinking

Site condition
Weather

Available technology
Building materials
Design

Costing

Scheduling

23



Solutions?

Problem solving skills
Formulate the problem
Literature

Experiment?

24



. Report — style and content (flow)
; » Display — attractive ?

* Viva / Articulation

* Teamwork

* Management — scheduling

A B 1 i B
W T - < =
J—
- = — - - e



ing

Complex Problem Solvi

Example 2

S

R,

o

o
o
bk

ot

o

22
2
e

e
o
£

ik

4
e
=
S

o

25
25

ety
R )

45
bk

5

R,
b2

o

T

b
5

e

S
!

R
25

+
+
s & ¥ el
g, AR
i e

St
B!
: i

ey

L
i
e e 1T
L e 1114
Y —

i

e —

&
B
e s i s

&
S
e

Spring

(i
1l

"

1
|

[l
l

|

filh

i

(




WA — WK — WP Relationships

WAL - Engineering Knowledge W \yx1 - natural sciences (WA1) |(know what)
(Science, Mathematics & Engineering)
(WK1, WK2, WK3, WK4) WK2 - mathematics, numerical analysis,
statistics, computer and information science

(WA1)

to solve

. ) WK3 - engineering fundamentals (WA1)
Complex Engineering Problems

WK4 - engineering specialist knowledge
(WA1)

WP1 - Depth of Knowledge WKS5 - engineering design (know how)

. WAS - Design
required:
Resolved with forefront in-depth WKEG6 - engineering practice (know how)
engineering knowledge WAS - Modern Tools
(WK3, WK4, WK5, WK6 or WK8)
which allows a fundamentals-based,
first principles analytical approach

WKS - research literature (know why)
WAA4 - Investigation

4 UNIVERSITI TEKNOLOGI MALAYSIA

| MALAYSIA-JAPAN INTERNATIONAL INSTITUTE OF TECHNOLOGY



to solve

Complex Engineering Problems

WK2 - mathematics, numerical analysis,
statistics, computer and information science (WA1)

WK1 - natural sciences (WA1)

WP1 - Depth of Knowledge

required:
Resolved with forefront in-depth

WK3 - engineering fundamentals (WA1)

WK4 - engineering specialist knowledge
(WA1)

engineering knowledge

(WK3, WK4, WK5, WK6 or WK8)
which allows a fundamentals-based,
first principles analytical approach

WKS5 - engineering design
WAS - Design

WKE6 - engineering practice

Range of conflicting requirements
g R WAS - Modern Tools

WP3 | Depth of analysis required

WP4 | Familiarity of issues WAKS - research literature
WA4 - Investigation

WP5 | Extent of applicable codes

WP6 | Extent of stakeholder involvement and level
of conflicting requirements Some or all

WP7 | Interdependence WP2 - WP7. EP1 & EP2

EP1 | Consequences

EP2 | Judgement

myseT FEYEA

4 UNIVERSITI TEKNOLOGI MALAYSIA

| MALAYSIA-JAPAN INTERNATIONAL INSTITUTE OF TECHNOLOGY




to solve

Complex Engineering Problems

WK1 - natural sciences (WA1)

WK2 - mathematics, numerical analysis,
statistics, computer and information science (WA1)

WP1 - Depth of Knowledge

required:
Resolved with forefront in-depth

engineering knowledge

(WK3, WK4, WK5, WK6 or WK8)
which allows a fundamentals-based,
first principles analytical approach

WK3 - engineering fundamentals (WA1)

WK4 - engineering specialist knowledge
(WA1)

Range of conflicting requirements

WP3 | Depth of analysis required

WP4 | Familiarity of issues

WP5 | Extent of applicable codes

WP6 | Extent of stakeholder involvement and level
of conflicting requirements

WP7 | Interdependence

EP1 | Consequences

EP2 | Judgement

myseT FEYEA

4 UNIVERSITI TEKNOLOGI MALAYSIA

WKS5 - engineering design
WAS3 - Design

WKG6 - engineering practice
WADS - Modern Tools

WAKS - research literature
WA4 - Investigation

WK?7 - engineering in society

WAG - engineer & society

WA7 - environment & sustainability
WAS - ethics

Breadth

| MALAYSIA-JAPAN INTERNATIONAL INSTITUTE OF TECHNOLOGY



Design Course

WP1 - Depth of Knowledge

required:
Resolved with forefront in-depth

engineering knowledge

(WK3, WK4, WK5, WK6 or WK8)
which allows a fundamentals-based,
first principles analytical approach

WK1 - natural sciences (WA1)

WK2 - mathematics, numerical analysis,
statistics, computer and information science (WA1)

WK3 - engineering fundamentals (WA1)

WK4 - engineering specialist knowledge (WA1)

WKS5 - engineering design
WAS3 - Design

WKG6 - engineering practice
WAS - Modern Tools

WKS - research literature
WAA4 - Investigation

WK?7 - engineering in society

WAG - engineer & society (WK7)
WA?7 - environment & sustainability (WK7)
WAS8 — ethics (WK7)

WA2 - Problem Analysis (WK 1-4)

WA?9 - Individual and Team Work

WA10 - Communication
WA11 - Project Management and Finance

Range of conflicting requirements

WP3 | Depth of analysis required (WA2)

WP4 | Familiarity of issues

WP5 | Extent of applicable codes

WP6 | Extent of stakeholder involvement
and level of conflicting
requirements WK7 (WA6, WA7,
WAS)

WP7 | Interdependence

EP1 Consequences

EP2 Judgement

WA12 - Life-long Learning

myseT FEYEA

4 UNIVERSITI TEKNOLOGI MALAYSIA

| MALAYSIA-JAPAN INTERNATIONAL INSTITUTE OF TECHNOLOGY



How does complexity relates to
curriculum?

* General Subjects
* |Industrial Placement

* Core & Specialist (Engineering) Subjects —
Complex Problem Solving

* Elective Subjects — Complex Problem Solving

* Design Project — Complex Engineering
Activities

* Final Year Project — Complex Problem Solving



Conclusion

* Adequate knowledge profile
* Right taxonomy

 Demonstrate outcomes (solving complex
problem)

32
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PROGRAMME OUTCOME

(i) Engineering Knowledge

(WA1) Apply knowledge of mathematics, natural
science, engineering fundamentals and an
engineering specialisation to the solution of
complex engineering problems; (WK1 to WK4)

WA = Programme Outcome
WK = Knowledge Profile = Curriculum
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PROGRAMME OUTCOME

(ii) Problem Analysis - Complexity of analysis

(WAZ2) Identify, formulate, research literature
and analyse complex engineering problems
reaching substantiated conclusions using first
principles of mathematics, natural sciences and
engineering sciences (WK1 — WK4)




\MJITIT m

PROGRAMME OUTCOME

(iii) Design/Development of Solutions — Breadth and
uniqueness of engineering problems i.e. the extent

to which problems are original and to which
solutions have previously been identified or codified

(WA3) Design solutions for complex engineering
problems and design systems, components or
processes that meet specified needs with appropriate
consideration for public health and safety, cultural,
societal, and environmental considerations (WK5)
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PROGRAMME OUTCOME

(iv) Investigation - Breadth & Depth of

Investigation & Experimentation

(WA4) Conduct investigation of complex problems
using research based knowledge (WK8) and
research methods including design of
experiments, analysis and interpretation of data,
and synthesis of information to provide valid
conclusions




PROGRAMME OUTCOME

(v) Modern Tool Usage - Level of understanding of

the appropriateness of the tool

(WAS5) Create, select and apply appropriate
techniques, resources, and modern engineering
and IT tools, including prediction and modelling, to
complex engineering problems, with an
understanding of the limitations. (WK®6)

39
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PROGRAMME OUTCOME

(vi) The Engineer and Society - Level of

knowledge and responsibility

(WA6) Apply reasoning informed by contextual
knowledge to assess societal, health, safety, legal
and cultural issues and the consequent
responsibilities relevant to professional
engineering practice and solutions to complex
engineering problems. (WK7)




5 % ’b i\

% &, W

% K7 )

‘%’/ﬁyx'(”o\o(,\“‘ UNIVERSITI TEKNOLOGI MALAYSIA MALAYSIA-JAPAN INTERNATIONAL INSTITUTE OF TECHN 5

PROGRAMME OUTCOME

(vii) Environment and Sustainability - Type of

solutions

(WA7) Understand and evaluate the sustainabilty
and impact of professional engineering work in the
solutions of complex engineering problems in
societal and environmental contexts (demonstrate
knowledge of and need for sustainable

development) (WK7)
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PROGRAMME OUTCOME

(viii) Ethics - Understanding and level of practice

(WAS8) Apply ethical principles and commit to
professional ethics and responsibilities and norms
of engineering practice. (WK?7)
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PROGRAMME OUTCOME

(x) Individual and Team Work — Role in and

diversity of team

(WA9) Function effectively as an individual, and as
a member or leader in diverse teams and in multi-
disciplinary settings
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PROGRAMME OUTCOME

(ix) Communication — Level of communication

according to type of activities performed

(WA10) Communicate effectively on complex
engineering activities with the engineering
community and with society at large, such as being
able to comprehend and write effective reports
and design documentation, make effective
presentations, and give and receive clear
instructions




PROGRAMME OUTCOME

(xi) Project Management and Finance — Level of
management required for differing types of
activity

(WA11) Demonstrate knowledge and
understanding of engineering and management
principles and economic decision-making and
apply these to one’s own work, as a member and
leader in a team, to manage projects and in
multidisciplinary environments




PROGRAMME OUTCOME

(xii) Life-long Learning — Preparation for and

depth of continuing learning

(WA12) Recognise the need for, and have the
preparation and ability to engage in independent
and life-long learning in the broadest context of

technological change
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PROGRAMME OUTCOME

(i) Engineering Knowledge

Apply knowledge of mathematics, science,
engineering fundamentals and an engineering
specialisation to the solution of complex
engineering problems;
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Cognitive Domain

(thinking, knowledge)

Comprehension

Knowledge

Definition:
Remembers
previously learned
material.

Sample Verbs:

= define
« identify
= label

« list

* name

« recall

- state

Definition:
Grasps the meaning of
material
(lowest level of
understanding).

Sample Verbs:
= describe
= discuss
= explain
* locate
= paraphrase
= give example
- translate

Application

Definition:
Uses learning in new
and concrete situations
(higher level of
understanding).

Sample Verbs:
= apply
= carry out
« demonstrate
« illustrate
* prepare
= solve
* Use

Definition:
Understands both the

content and structure of
material.

Sample Verbs:
= analyze
= categorize
= compare
* contrast
- differentiate
« discriminate
= outline

Synthesis

Definition:
Formuiates new
structures from existing
knowledge and skills.

Sample Verbs:
= combine
= construct
= design
» develop
* generate
= plan
* propose

Evaluation

Definition:
Judges the value of
material for a given
purpose.

Sample Verbs:

> assess

= conclude

= evaluate

= interpret

» justify

= select

= support

lower order

Intermediate

Higher order
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Psychomotor Domain

(doing, skills)

Perception

Definition:
Senses cues that
guide motor activity.

Sample Verbs:

= detect

« hear

« listen

= observe
* perceive
* recognize
- see

* sense

« smell

- taste

. view

= watch

Definition:
1s mentally,
emoationally, and
physically ready to
act.

Sample Verbs:

= achieve a posture

= assume a body
stance

» establish a body
position

= place hands, arms,
etc.

= position the body

- sit

= stand

- station

Guided Response [AIUUEIS

Definition:
Imitates and
practices skills,
often in discrete
steps.

Sample Verbs:

* copy

= duplicate

« imitate

» manipulate with
guidance

= gperate under
supetrvision

= practice

* repeat

. try

Mechanism

Performs acts with
increasing
efficiency,
confidence, and
proficiency.

Sample Verbs:

« complete with
confidence

= conduct

= demonstrate

= execute

= improve efficiency

= increase speed

* make

- pace

« produce

= show dexterity

Intermediate

Complete Overt
Response

Definition:
Performs
automatically.

Sample Verbs:

= act habitually

= advance with
assurance

= control

« direct

- excel

* guide

= maintain efficiency

* manage

» master

= organize

» perfect

- perform
automatically

» proceed

Adaption

Definition:
Adapts skill sets to

meet a problem
situation.

Sample Verbs:
= adapts
= reorganizes
- alters
* revises
= changes

Organization

Definition:
Creates new
patterns for specific
situations.

Sample Verbs:
= designs
= originates
= combines
* composes
= constructs




(feeling, attitudes)

Responding

Definition
Selectively attends
to stimuli.

Sample Verbs:

= accept

= acknowledge
* be aware

« listen

* notice

« pay attention
» tolerate

Definition:
Responds to stimuli.

Sample Verbs:

- agree to

- answer freely

» assist

- care for

* communicate

» comply

» conform

= consent

» contribute

» cooperate

- follow

» obey

« participate willingly
« read voluntarily
* respond

» visit

» volunteer

Definition:
Attaches value or worth
to something.

Sample Verbs:

» adopt

» assume responsibility

» behave according to

« choose

» commit

» desire

» exhibit loyalty

* express

» initiate

- prefer

» seek

= show concern

= show continual
desire to

» use resources to

Definition:
Conceptualizes the
value and resolves
conflict between it and
other values.

Sample Verbs:
= adapt
» adjust
» arrange
« balance
» classify
» conceptualize
- formulate
* group
* organize
= rank
» theorize

Internalizing

Definition:
Integrates the value into
a value system that
controls behavior.

Sample Verbs:

» act upon

= advocate

» defend

- exemplify

» influence

» justify behavior
* maintain

- serve
» support

Intermediate
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