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Time | ouration | oy I Program Evaluators

9.00 -10.30 1.5 hr Megat/Azlan
10.30-11.00 O.5hr Tea Break
11.00-12.30 1.5hr Megat/Azlan

12.30-14.00 1.5 hr Lunch




Outlines

Introduction

Pre-Accreditation Visit Meetings (Preparation)
Evaluation day

Report writing

Decision
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WASHINGTON ACCORD FULL SIGNATORY

* Australia - Engineers Australia (1989)

* New Zealand - Institution of Professional Engineers NZ
(1989)

 Canada - Engineers Canada (1989)

e United States - Accreditation Board for Engineering and
Technology (1989)

* United Kingdom - Engineering Council UK (1989)
* Ireland - Engineers Ireland (1989)

 Hong Kong China - The Hong Kong Institution of
Engineers (1995)

e South Africa - Engineering Council of South Africa (1999)

e Japan - Japan Accreditation Board for Engineering
Education (2005)

e Singapore - Institution of Engineers Singapore (2006)

* Chinese Taipei - Institute of Engineering Education
Taiwan (2007)

* Korea - Accreditation Board for Engineering Education of
Korea (2007)

 Malaysia - Board of Engineers Malaysia (2009)
 Turkey - MUDEK (2011)

* Russia - Association for Engineering Education of Russia
(2012)

Provisional Status

* India

* Srilanka
 Bangladesh
* Pakistan
 China

* Phillipines

New Applicants

= Thailand
= Indonesia



Pre-Accreditation Visit Meeting

 Meet at least once (in addition to the meeting
on Day -1) before the Accreditation Visit, to
study and discuss documents, and
systematically identify shortcomings.

» Strategically plan and/or request
supplementary input from the University to fill
the gaps. (Prepare interim report, checklist,
schedule and assignment)

* Further information required, communicate
through PEC.
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Day -1 Meeting

* Findings (interim report)
 Strategy (schedule & assignment)
e Update checklist




EVALUATION DAY

Opening meeting
Meeting with

e staff members,
e students,

e external stakeholders such as alumni,
employers, and industry advisor

Visiting facilities.
Checking relevant documents.
Exit meeting



OPENING MEETING

Introduce evaluation team members
Mention the objective of the visit (programmes)

Mention that it is not fault finding exercise but to
identify the programme conformance to the
Accreditation criteria

Explain the methods of conducting the evaluation
Review the plan and schedule
Confirm the time of the closing meeting

Invite the Programme owner to fill up the latest
(within a specified timeframe) if any



EVALUATION TOOLS

Sensible questioning
Check records

Observing processes
Analyse inputs and outputs

Table, matrices, flowcharts and
checklists



APPROACH

* Curriculum development
(specification/input)

* Curriculum implementation
(process)

 Demonstrated outcomes (output)



Engineering Curricula

Emphasising on grades

No enthusiasm on the part of students
Unrealistic idea of engineering practice
Cramming too much in 4 years
Non-uniform workload among courses



Professional
Engineers

Engineers Technologist

Others

ENGINEERING GRADUATES OUTCOMES




ENGINEERING PROGRAMME

Education
(Knowledge & Understanding)

Cognitive Psychomotor
(Knowledge — K) (Skill = S)

Training
(Skill)

Affective
(Attitude — A)




Engineering & Technology Domain

Engineering Education Technology Education
Solving complex problems * Solving broadly defined problems
Prepared for future * Prepared for present
Theoretical * Practical / Applied / Hands-on
High mathematical knowledge ¢ Adequate mathematical knowledge
Strong foundation on * Adequate foundation on
Engineering Sciences Engineering Sciences
Strong engineering * Adequate engineering
fundamentals fundamentals
Knowledge requirements * Knowledge requirements towards

towards professional engineer

technologist

Engineering Accreditation Council



Objective Evidence

Evidence is the facts or information used
to prove or disprove a proposition. It
should be collected through:-

k Interviewing

e Observation of environment

e Observation of implementation

e Checking of records of document




Objective Evidence

Evidence that exists

Not influenced by emotion or prejudice
Can be documented

Is about quality

Can be quantitative or qualitative

Can be verified



Objective Evidence cont...

The facts or information used:
= to come to a conclusion

= on the objective evidence of whether
programmes have or have not undertaken
appropriate activities effectively to the
attainment of the necessary outcomes



Obtaining Objective Evidence
Among the methods used will be:-
a) Document Review (against the Manual)

b) Questioning
c) Check Records



Questioning

6 friends — What, When, Why, Who,
Where, How

Best friend — Show Me

Additional skills of LISTENING and
OBSERVING



Typical questions

How were the programme objectives determined?

How are they consistent with the institution
missions?

How does the institution accomplish the objectives?
How is the review and update done?

How does the institution knows that the objectives
are met?

How are your stakeholders involved?






EVALUATION FLOW CHART

Obijective
Evidence Shortcomings Acceptable g

OFI
A

Does it
affect
Outcomes?

Can it
Is it a concern? be
Is it a weakness? improved?




POINTS TO CONSIDER IN DERIVING
FINDINGS/CONCLUSION

v Establish requirement
v Probe process
v Whom do you speak to?

v What to look for?

v - Sampling

How long to persist?

s there any shortcomings?
S It significant?

v Consult team members




EFFECTIVE COMMUNICATION

Occurs when the right person, says the
right things, to the right people, at
the right place at the right time and

in the right way to be heard and
understood and to produce the right
response.

Important

« Person is at ease in communicating with the
Evaluator.

« Evaluator should do all he/she can to make
person feel at ease.






EFFECTIVE COMMUNICATION
(Cont..)

Tips
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Gain attention from the person before starting.

Explain clearly the purpose of the session/visit.

Include friendly remarks or express your interest in what
he/she is doing.

Politeness all the way never antagonise or belittle the
person.

Establish eye contact all the times.

Communicate in the language he/she is comfortable.
Use of body language to promote the dialogue. (Spoken
message Is 7%, verbal and vocal 38% and 55% facial).
Listen, listen, listen, an Evaluator need to train himself to
be an active listener.



Interviewer

Interviewee



TIPS ON GOOD LISTENING

Tip#1
Be open! Switch off all negative thoughts about the
person. Respective to what is being said. Drop those
emotional barriers that filter out what is being said or
cause you to hear only what you want to hear.

Tip # 2
Start listening to the first sentence! Self-centered people
can’ t actively listen. They tend to be preoccupied with
their own daydreams. Put aside what you are doing and
concentrate on what the person iIs saying.

Tip #3
Concentrate on what is being said! Actively try to hear
every words as If it were the most important thing you
could hear at that moment. Avoid the temptation to
think faster than the person is talking.






Tip#4
Look for the meaning of what is being said. Don’t try to
read your own meanings into what the person is saying.
Rather, help the person convey his or her own
meanings by showing genuine interest.

Tip#5
Avoid the temptation to interrupt! Dr. David Schwart,
in his book The Magic of Thinking Big, says “Big people
monopolize the listening. Small people monopolize the
talking’ .

Tip#6
Ask questions that stimulate the person to talk and
clarify your understanding of what is being said. Use

trail questions, like “Do | understand correctly
that....,” to test your understanding.



Tip#7
Record important point being made. If appropriate,
take notes.

Tip # 8
Screen out interruptions and ignore distractions.

Tip#9
Use facial expressions and body language to express
Interest and comprehension.

Tip # 10
Don’ t over-react to highly charged or emotional words;
look for the meanings behind those words. Avoid
jumping to conclusions. Hear the person out.






EVALUATOR’ S CHARACTERISTICS
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Anxious to please
opinionated



HOW WOMEN CHOOSE SHAMPOO:

Il Effectiveness

I Brand

[] Smell

[] What it does to hair
[] Ingredients

Color

B Quality

[CIDesign

B Recommendations
[ ] Reviews

Quantity

I Popularity
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COMPETENCY OF EVALUATORS

Organizing skills

Knowledge of the manual
Questioning skills
Comprehensiveness of the evaluation
Listening to persons

Overall appearances

Reporting

Overall judgment

Overall rapport with persons

Aplomb (self-confidence) and decorum (etiquette)



PRACTICAL TIPS ON EVALUATION
Tip 1
N Evaluators are adequately trained. The blind can only
led the blind.

Tip 2
Evaluators know the area they are entering. Do some
research prior to the evaluation. Read manual,

procedures , previous evaluation reports and other
records. Take time to prepare your checklist.

Tip 3
Department Head, supervisor and other personnel should
be clear of the purpose of the evaluation.

Tip 4
Record findings immediately



Reporting

Qualitative

Strength

Shortcomings (weaknesses)
Concerns

Opportunities for Improvement (OFl)



Evaluation Panel Report - Issues

Detailed / Skimpy
Nitpicking
Usage of words (weakness, inadequate etc)

Interpretation of the Clauses of Manual /
Guidelines (& Appendices)

What is Engineering? Prescriptive Clauses
Breadth & Depth (taxonomy)

“don’t want to be bad boys/girls” attitude
Summary (forest) from triangulation



What constitutes strength?

® Exceeds the minimum standard set by the EAC
Engineering Accreditation Manual.

® Extensive benchmarking (not only via the external
examiners path) with more established
programmes/institutions.

® The curriculum is built on strong fundamentals
(engineering sciences) and appropriate engineering
knowledge according to the discipline, which transcend
national boundaries.

® Generic attributes (professional and/or interpersonal
skills) should also be evident to prepare graduates for the
advanced part of their career.



What constitutes strength? Cont...

A curriculum with clear (measurable) objective(s)
and outcomes (that satisfies the ten (10) EAC
stipulated outcomes)

Involved stakeholders, both internal and external,
extensively

An appropriate working load for students
determined through extensive consultation with the
academics (Usually a 15 — 16 credit per semester
loading)

Blend of delivery methods



What constitutes strength? Cont...

B Programme challenges students to achieve greater
heights than just satisfying the minimum standard

m Attain competency in the open-ended project based
and problem oriented courses

B Majority of the staff has PhD qualification and the
number available indicates a low staff-student ratio
(that enables greater contact with students)

B The academic staffs also conduct research that
permeates/contributes to teaching and learning.



What constitutes strength? Cont...

Over and above Industrial Training (extensive &
distributed professional exposure) that does not
compromise on the cognitive domain

Ergonomics is taken seriously by the institution to
reduce occupational hazard

Safety culture

Show that they have the plan and the completion of
the quality cycles is widespread

Monitoring of the QMS also indicates strength.



What constitutes strength? Cont...

e Students’ ability to give opinion and articulate
with substance

e Students are clear of their goals upon graduation
and highly motivated during their course of
study (“constructive criticisms”)

 Widespread involvement of students in co-
curricular activities (not forced as part of
curriculum nor limited to small group of
students).



What constitutes strength? Cont...

* Academic staff with Professional Engineer
status

* Academic staff are actively participating in
professional activities (not merely members)

* Design courses are taught by experienced
academics (with consultancy experience or
professional engineers).



Classifying Concern

e Usually a “concern” is that the programme has not
failed the criteria set under the EAC Manual, but if
left unchecked may lead to failure at a later date

* Where there are lapses in observing the criteria of

the EAC Manual, it would appropriately be classified
under “concern”.

 “Concern” can be minor (eg. soft skills
extensiveness /depth /assessment) or major (eg.
depth of assessment for cognitive domain)



Classifying Concern (Cont...)

* There is not enough depth/insight on the
content for a few courses based on the

teaching materials provided and course
outline/plan written.

 The semester load is on the higher side.

* Not enough of discipline examples for
“exotic” programmes



Classifying Concern (Cont...)

e Students are unaware of the importance of
sustainability, safety, and professional
involvement etc, which reflect the lack in generic
attributes expected of them.

e Staff and Students lacked the understanding on
the outcome approach.

* Available academic staff are confined to a specific
sub-discipline only instead of covering all the
relevant sub-disciplines of the programme.



Classifying Concern (Cont...)

Many of the staff are not involved in research or
research does not permeate to student’s learning.

Availability of time to conduct research and
involvement in professional activities for the
academic staff.

No evidence of practices taking place despite a
written policy.
Lack of grants obtained by the academic staff

should not be used solely to conclude that research
has not taken place — look at final year projects.



Classifying Concern (Cont...)

Inadequate monitoring despite having a system
Mapping and linking of programme
objectives/outcomes to the course outcomes are
just on paper

Moderation of examination questions/
assessment does not capture lack of depth.

Feedbacks to students/staff from
assessment/complaints/comments/queries made
are not responded/late.



Opportunity for Improvement

B OFI, an institution could consider despite
already having the necessary strength or having
already satisfied the minimum requirements of
the EAC Manual.

® |nstitutions would not be penalised for not
taking the necessary action to address the issue.
May raise as a concern at the next visit

® |t would be against the spirit of continual
improvement that has been set by the EAC
Manual.



What constitutes weakness?

® The word “weakness” used freely denoting any
part of the policy, plan, activity, resources or
system that does not quite satisfy the expected
effectiveness

® Try using other words, such as, “shortcomings”,

“improper”, “undesirable” and “dissatisfactory’
to denote lapses in adhering to the criteria

B Otherwise the outcome decision would be
“decline accreditation”, as “weakness” refers to
non-compliance to the EAC Manual.

4

® A humber of major concerns.



Team Chair: Presentation to Board

* University Programmes evaluated
e Strength, weakness, concern, OFl

e Recommendation(s)



Accreditation Decision

Five years

Five years with interim or Less than five
years, for Minor & Major shortcoming(s). A
further visit will be scheduled to verify the
results of the remedial action(s), unless
deemed unnecessary

Decline, a further application will normally
not be considered within the next one year.

Defer, to allow the IHL to fulfil condition(s)
that may be imposed



Decisions

Concerns NO Yes NoO

Weakness NoO \e) Yes

Accreditation |Yes=5yrs|Yes = No
LeSS than or defer

S yrs




Random Observations

* Bullet points & Aggregation

 Ambiguous

Sketch & Cartoon Me Lite Version

Cut & Paste

* Poor time management

* Guidelines supersede Manual
* Keywords as sole determination
* |nterrogative



Expectations on Evaluators

Commitment

Not Auditors

Reference Material: EAC Manual
Pre-Visit planning & discussion

Day-1 meeting (seen doing)
Visit Day Aplomb & Decorum
Reporting

Response to factual inaccuracies




Aplomb & Decorum - Evaluators

e Objective e No nitpicking
e Official e Pursue issues (Inquisitive)
Understand the situation , ® Non-prescriptive/non-

Understand the Manual ! directive ﬂ
¥ o Triangulate

Be prepared

Collegial No promises
Good time keeping Identify strength,
concern, OFl and

Right body language
_ weakness
No surprises




Aplomb & Decorum - Evaluators

Stop giving solutions Not sidetracked

Seek objective evidence Punctual
Analytica

Open minded
Polite
Good communicator

Impartial
Not interrogative

Good listener

No favours | Honest

Confidence | ndustrious

Authoritative Good judgment
' Patient




Notes and Statements

 Make notes on all findings (including
compliances and strength)

* Ensure consistency between notes and exit
statements

* Exit statements support recommendation
made



Facts & Compliance

* Facts
 Compliance
—Strength
—Concern
—OFl
—Weakness (Deficiency)



Results Triangulated by Evaluators

e AT - — -
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Evaluators @ Day-1 & Visit Day

Preparation

Confidence * QObserve

Formal * |nterview

Organised  Document/Records
Collegial

Listening

Depth of Assessment
. . Programme Outcomes
Triangulating

Time management Quality improvement

No surprises * QMS
No excess baggage

Probing

limimum inmastery of

©
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What WA will be observing?

Adherence to PEC/EAB document
EAB evaluator’s aplomb and decorum
Probing questions (not interrogative)
Discussion level
Clarity of reports
Graduate outcomes - ,
Health & safety at IHL Lq‘
Equivalency of practice r '




Malaysia’s WA Review Checklist
EAD

*Prepare “WA Review Plan”

*Review EAD/EAC Accreditation Process & Document

*Prepare the 2014 Accreditation list

ldentify IHLs for the Review visit

*Confirm & Request for the IEA-WA Reviewers (US, SA, Taiwan)
*Reflect on the 2009 WA Review report

*Arrange the Review visits of the selected IHLs

*Prepare selected IHLs to receive the visit

EXCEwladtator

*Plan & Conduct the Accreditation (Review) Visits
*Write Accreditation report & respond to factual inaccuracies/corrective actions
*Participate in Pre-ADM (Decision meeting)

EAC

*Conduct ADM (Decision meeting; Apr, Aug, Dec) in the “presence” of the IEA-WA
Reviewer

*Respond to IEA-WA Review report

WA

*Submit Review Report to IEA-WA by Jan 2015

Circulate Review Report to all signatories by March 2015
*Table Review Report at the June 2005 IEA Meeting



Role of PEVs

 What do you think of your job as a PEV?




Universities are always caught in between?




University Dilemma

That is not how we went through!
I

We have been producing graduates
who are leaders of the industry |

We are Professors!

We are already
excellent!

Why |S llfe as an ClCCldemiC WhaT are you Talk”"g
so complex? about? Let's ignorel



Welcoming the Accreditors

Mr Accreditor, can we
explain the effectiveness
of our OBE implementation

We have compiled all the
evidence for your perusal

We have full confidence n you
and welcome your findings

Megat Johari Megat Mohd Noor 72



CONCLUSION

Challenges
— IHL: OBE Approach ; Improving Standards

— PEC: Changing Paradigm ; Innovative & Creative
Programmes

Maintaining Standards

Engineering Education clearly defined
Trained Panels

Consistency in decisions



THANK YOU




Activity 1

e Make overall comments on the self-
assessment report

* Note down findings based on the 7 criteria

 Make overall comments on the following:
— Engineering curriculum
— Outcome based approach
— Continual quality improvement



Activity 2

* Prepare a checklist for the evaluation visit



Activity 3

* Prepare the script for the opening meeting
* Prepare the script for the closing meeting



Activity 4

* Prepare a presentation for the EAB Decision
Meeting
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14.00-15.30 1.5hr Megat/Azlan
15.30-16.00 0.5 hr Tea Break
16.00—17.30 1.5hr Megat/Azlan



OBE & What to look for in

Accreditation
Outline

From previous visits, need to emphasise on
* PEO

* PO

* Curriculum/ Depth of knowledge

* Complex Problem Solving/ Taxonomy
* Assessment & Evaluation, CQl, safety
* Probing and Triangulation



Accreditation Objective

Ensuring the expected engineering education
level is maintained (breadth and depth)

Outcome-based engineering education (OBE)
programme is practised

Continual Quality improvement (CQl) on
Programmes applied

Quality Management System practised



Accreditation Criteria and Qualifying
Requirements




Outcome Based Education

 OBE is a process that involves assessment and
evaluation practices in education to reflect the
attainment of expected learning outcomes and
showing mastery in the programme area

e (OBE in a Nutshell

What do you want the students to have or able to do?
How can you best help students achieve it?

How will you know what they have achieved?

How do you close the loop



Strategy of OBE

* Top down curricula design

* Appropriate Teaching & Learning
Methods

* Appropriate Assessment &
Evaluation Methods



Programme Objectives (PEO) and
Programme Outcomes (PO)

PEO are specific goals consistent with the vision
& mission of IHL
Look for the

* Published statements of PEO
* C(Clear linkages between PEO and PO

* Involvement of constituents/ stakeholders

* Expected to be achieved/analysed a few years after
graduation (usually for about 5 years of employment) except
for new programmes. Look for measurable indicators for each

goals.



PEO — Typical Questions

How were the PEO determined?

How are they consistent with the institution
missions?

How is the review and update done?

How does the institution know the objectives
are met?

Who are the stakeholders?

How are the stakeholders involved?



Programme Outcomes (PO)

* POs are statements that describe what
students are expected to know and be
able to perform or attain by the time of
graduation

* Knowledge, skills and Behaviour/Attidude
(Cognitive, Psychomotor and Affective
Domains)

* Qutcomes (i) to (xii)
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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;




PROGRAMME OUTCOME

(ii) Problem Analysis

|dentify, formulate, research literature and
analyse complex engineering problems reaching
substantiated conclusions using first principles of
mathematics, natural sciences and engineering
sciences




PROGRAMME OUTCOME

(iii) Design/Development of Solutions

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
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PROGRAMME OUTCOME

(iv) Investigation

Conduct investigation into complex problems using
research based knowledge and research methods
including design of experiments, analysis and
interpretation of data, and synthesis of
information to provide valid conclusions
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PROGRAMME OUTCOME

(v) Modern Tool Usage

Create, select and apply appropriate techniques,
resources, and modern engineering and IT tools,
including prediction and modelling, to complex
engineering activities, with an understanding of the
limitations
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PROGRAMME OUTCOME

(vi) The Engineer and Society

Apply reasoning informed by contextual knowledge
to assess societal, health, safety, legal and cultural
issues and the consequent responsibilities relevant
to professional engineering practice
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PROGRAMME OUTCOME

(vii) Environment and Sustainability

Understand the impact of professional engineering
solutions in societal and environmental contexts
and demonstrate knowledge of and need for
sustainable development
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PROGRAMME OUTCOME

Apply ethical principles and commit to professional
ethics and responsibilities and norms of
engineering practice
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PROGRAMME OUTCOME

(ix) Communication

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

: 3
‘I @ L7 UTM
QU  UMVERSIT TEKNOLDGI MALAYSIA
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PROGRAMME OUTCOME

(x) Individual and Team Work

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

(xi) Life-long Learning

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




PROGRAMME OUTCOME

(xii) Project Management & Finance

Demonstrate knowledge and understanding of
engineering and management principles and apply
these to one’s own work, as a member and leader
in a team, to manage projects and in
multidisciplinary environments




PO — Typical Questions/ Probe

ow are the POs published?

I_
How are the POs considered in the curriculum
design?

I_

ow is the process of measuring, assessing
and evaluating the attainment of PO is
established?

How are the results from the assessment
(measuring, assessing and evaluating) are
applied towards CQJ?



PO (Cont)

* Assessment process and documented
evidence:

- anecdotal vs measured results (data are
sometimes embedded and reused)

- reliance on course grades only
- over reliance on indirect assesment (survey)

- plan available but not implemented (looks
nice on paper!)



PO Attainment

Final Year Project Fl.nal Yea-r Final Year Courses
Design Project

Third Year Courses

Second Year Courses

First Year Courses




Operation Models for OBE

Distribution of K,S,A elements throughout the 4 years

S&A

Yr. 4 §§2§ 30%
0

Yr. 3 K 70% K 70% K 70% K 70%

Yr. 2
S&A

30%

Yr. 1 S&A
30%




WA’ s Knowledge Profile (Curriculum)

The curriculum shall encompass the knowledge profile as summarised
In the table below:

Knowledge Profile

A systematic, theory-based understanding of the natural sciences applicable to
the discipline (e.g. calculus-based physics)

Conceptually-based mathematics, numerical analysis, statistics and formal

aspects of computer and information science to support analysis and modelling
applicable to the discipline

A systematic, theory-based formulation of engineering fundamentals required in
the engineering discipline

Engineering specialist knowledge that provides theoretical frameworks and
bodies of knowledge for the accepted practice areas in the engineering
discipline; much is at the forefront of the discipline

Knowledge that supports engineering design in a practice area

107



Knowledge Profile (Curriculum)

Knowledge Profile

Knowledge of engineering practice (technology) in the practice
areas in the
engineering discipline

Comprehension of the role of engineering in society and identified
issues in

engineering practice in the discipline: ethics and the professional
responsibility of an engineer to public safety; the impacts of
engineering activity: economic,

social, cultural, environmental and sustainability

Engagement with selected knowledge in the research literature of
the discipline

108



Characteristics of OBE curricula

It has programme objectives, programme outcomes,
course learning outcomes and performance
indicators. It is centered around the needs of the
students and the stakeholders.

It is objective and outcome driven, where stated
objective and outcomes can be assessed and
evaluated.

Suitable tools and methods are used to measure and
evaluate attainment of the outcomes

Results from evaluation are used for CQl



Depth of Knowledge Required

Complex Broadly Defined Well defined
Problems Problems Problems
(Engineer) (Technologist) (Technician)
. Can be solved
ler?s\:\:;?az me'(iﬁgth Requires using limited
J knowledge of theoretical

allows a
fundamentals-based
first principles
analytical approach

principles and
applied procedures
or methodologies

knowledge, but
normally requires
extensive practical
knowledge




Definition of Complex Problem Solving
(IEA WA)

The range of complex problem solving as required by the
Programme Outcomes in Section 4.0 is defined as follows:

| Awributes ________| Complex Problems

1. Preamble Engineering problems which cannot be
resolved without in-depth engineering
knowledge, much of which is at, or
informed by, the forefront of the
professional discipline, and have some or all
of the following characteristics listed below:

2. Range of conflicting Involve wide-ranging or conflicting
requirements technical, engineering and other issues.

3. Depth of analysis required Have no obvious solution and require
abstract thinking, originality in analysis to

formulate suitable models.
111



4.

Definition of Complex Problem Solving

| Attributes___| Complex Problems

Depth of knowledge
required

Familiarity of issues

Extent of applicable
codes

Extent of stakeholder
involvement and
level of conflicting
requirements

Requires research-based knowledge
much of which is at, or informed by, the
forefront of the professional discipline
and which allows a fundamentals-based,
first principles analytical approach.

Involve infrequently encountered issues

Are outside problems encompassed by
standards and codes of practice for
professional engineering.

Involve diverse groups of stakeholders
with widely varying needs.
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| Attributes____| Complex Problems

8. Consequences

O.

Interdependence

Have significant consequences in a
range of contexts.

Are high level problems including many
component parts or sub-problems.
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Strategy of OBE

* Top down curricula design

* Appropriate Teaching & Learning
Methods

* Appropriate Assessment &
Evaluation Methods



Adequacy of Academic Curriculum

Some things to look for :

* course structure and sequence

e appropriate breadth and depth

* adequate time for contents

* mechanisms used for identifying topics

* Matrix linking PO to courses, courses
linked to assessment with stated PO



Adequacy of Academic Curriculum

Some things to look for:

 Environment & Sustainability, Project Management &
Finance, Engineer & Society (ethics, legal issues, etc).
Some Eng. Prog. lack these courses/ topics

* Integrated exposure to PE practice, incl mgmt and
ethics

e Exposure to engineering practice — use of guest
lecturers; use of staff with industrial experience;
industry-based final year/design project



Learning outcomes by adding a condition and

standard

Poor
 Students should be able to design research.

Better

* Students should be able to independently design
and carry out experimental and correlational
research.

Best

* Students should be able to independently design
and carry out experimental and correlational
research that yields valid results.

Source: Bergen, R. 2000. A Program Guideline for Outcomes Assessment at Geneva College



Problem organised project work

Lectures Group Studies

Problem Analysis Problem Solving

Tutorials Field Work Experiment

Megat Johari Megat Mohd Noor 118



ASSESSMENT:

Processes that identify, collect, use and
prepare data for evaluation of achievement of
programme outcomes or educational
objectives.

EVALUATION:

Processes for interpretation of data and
evidence from assessment practices that
determine the program outcomes are
achieved or result in actions to improve
programme.



Depth of Assessment: Bloom' s

Taxonomy (Cognitive)

Knowledge (list)
Comprehension (explain)
Application (calculate, solve, determi
Analysis (classify, predict, model, der
Synthesis (design, improve)
Evaluation (judge, select, critique)

ne)

ived)

#
= b
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L
Cognitive Domain

(thinking, knowledge)

Definition:
Synthesis Judges the value of
material for a given
Definition: PEPESE,
. Formulates new
AnalySIS structures from existing Sample Verbs:
Definition: knowledge and skills. s
- 2 Understands both the = conclude
Application content and structure of| Sample Verbs: * evaluate
Definition: material « combine el
' * justi
O Ul Uses leaming in new »Gansitet . Jselergt
and concrete situations * design
X * support
Definition: (h/gher fevel of sa.’nple' Verbs: * develop PP
G the meaning of | Understanding) analyza * generate
Knowledge rasp; e meaning o = categorize - plan
material « compare * propose
lowest level of .
Definition: o Sample Verbs: B
Remembers * apply « discriminate
previously leamed * carry out - outline
material. Sample Verbs: « demonstrate
 Abaciba i « illustrate
. » discuss i
Sample Verbs: : - solve
* explain %
- define « boats use
* Identify « paraphrase
* label - give example
* list « translate
* name
* recall
= state
121
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' Intermediate

Higher order



Psychomotor Domain

(doing, skills)

Perception

Definition:

Senses cues that
guide motor activity.

Sample Verbs:

= detect

= hear

« listen

= observe
- perceive
* recognize
. 5ee

. sense

= smell

« taste

* view

= watch

Definition:

Imitates and
Definition: practices skills,
Is mentally, often In discrete
emctionally, and steps.
physically ready to
act
Sample Verbs:
A * copy
Sample Verbs: « duplicate
= achieve a posture « imitate
+ assume a body « manipulate with
stance guidance
« establish a body - operate under
position supervision
2 p!ace hands. arms, . pracbcc
etc. - repeat
« position the bady . try
« sit
= stand
« station

Mechanism

Performs acts with
Increasing
efficlency,
confidence, and
proficiency.

Sample Verbs:

« complete with
confidence

= cenduct

» demonstrate

* execute

= improve cfficiency

= increase speed

* make

- pace

« produce

« show dexierity

Complete Overt
Response

Definition:

Performs
automatically.

Sample Verbs:

= act habitually

= advance with
assurance

= cantrol

« direct

- excel

= guide

= maintain efficiency

* manage

* master

* organize

« perfect

= perform
automatically

= proceed

Adaption

Definition:
Adspts 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
* COMPpOoses
= constructs

- Intermediate

Higher order
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(feeling, attitudes)

Responding

Receiving

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

= obe

« participate willingly
= read voluntarily
* respond

- visit

= volunteer

Definition:
Attaches vaiue or worth
to something

Sample Verbs:

= adopt

= assume responsibility

» behave according to

« choose

* commit

= desire

= exhibit loyalty

* EXpress

* inttiate

« prefer

* seek

= show concern

» show continual
desire to

* use resources to

Definition:
Conceptualizes the
value and resoives
conflict between it and
other vaiues.

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

Based on "Taxonomy of Educational Objectives” B.S. Bloom Editor 1956
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Course Coverage & Assessment

When assessing, an instructor must consciously assess and evaluate the applicable
elements (Knowledge, Skills, Attitude aka Cognitive, Psychomotor, Affective Domains).
An activity may be used to examine all the three elements related to the PO

Model A Model B

Competencies Competencies

Knowledge

Knowledge




Oral Communication
Uniform Use of Rubrics for Assessment Assessment Rubric

Scale 1 3 5
Criteria Poor Acceptable Excellent
1. Content Topic is poorly developed Topic is evident with some supporting Topic iswell developed,
with supporting details that details; generally meets requirements effectively supported and
are absent or vague. Trite of assignments appropriate for the
ideas and/or unclear wording assignment. Effective thinking
reflect lack of understanding isclearly and creatively
of topic and audience. expressed.
2 Speech isrambling and Speech demonstrates some grasp of Speech is clearly organized

Organization

unfocussed, with main
theme and supporting details
presented in a disorganized

organization, with adiscernible theme
and supporting details.

with effective introduction
and conclusion. Each segment
relates to the others according

and unrelated way to carefully planned
framework.
3. Delivery Speaker appears Speaker appears proficient with Speaker uses grammatically

unpracticed. Unnecessary
pauses or filler words.
Problems with voice control,
eye contact or posture.
Incorrect or inappropriate
language. Visuals/notes are
not used as needed.

language, vocal and physical
expression. Notes and visuals are used
as needed.

correct and appropriate
language. Smooth and
effective delivery. Good eye
contact, voice control and
physical demeanour. Notes
and visuals used to enhance
the presentation.




Assessment/Evaluation tools

» Exit surveys, Exit interviews (P)
« Alumni surveys and interviews (P)
» Employer surveys and interviews (P)

« Job offers, starting salaries (relative to
national benchmark) (P)

« Admission to graduate schools (P)

« Performance in group and internship
assignments and in PBL situation (P,C)

» Assignments, report and tests in capstone

dESign course (P,C)
 Standardized tests (P,C)



Assessment tools o

Student surveys, individual and focus group
interviews (P,C)

Peer-evaluations, self evaluations (P,C)
Student portfolios (P,C)

Behavioral observation (P,C)

Written tests linked to learning objectives (C)
Written project reports (C)

Oral presentation, live or videotape (C)

Research proposals, student-formulated
problems (C)

Classrooms assessment Techniques (C)



Institutional

. . Stakeholders Interest
Mission Statement

Programme Objectives

Programme Outcomes
(Knowledge, skills, attitudes of graduates)

Outcome-Related Course Learning Objectives
(Ability to: explain, calculate, derive, design)

Assessment of Attainment Level

Continual Improvement, CQl




Facilities

Some things NOT previously probed
* Classrooms, laboratories, equipment
-Safety issues
* Opportunity to use modern engineering tools
* Computers
-Ergonomics



TRIANGULATION OF DATA COLLECTED THROUGH PROBES
BY PEVs TO GET THE BIG PICTURE

University Assessment & Evaluation



THANK YOU




Exercise 1



Scenario

 OneMalaysia University decided to start a new
“general” engineering programme (Bac of Eng) in
addition to the existing two programmes. The
existing programmes have only one common
programme objective, i.e., “to produce engineers
(according to the related field). The team which
includes you is responsible to develop the new
programme, and had decided to expand the
programme objectives to include

— Global player
— Leading in advanced design



Questions

* |dentify the appropriate POs for the new
orogramme, and link them to the PEOs

* |dentify the suitable taxonomy level for the
respective POs.

* A course, Strength of Materials has been
identified as a fundamental course for the
new programme. Develop the course
outcomes and identify the appropriate
taxonomy level.




Questions

How would you assess the course’s cognitive
outcomes?

If you have to include non-cognitive outcomes,
what are the possible assessment techniques to
be employed?

Establish a mechanism to demonstrate

attainment of the course outcomes (both
formative and summative)

Show that the course outcomes contribute to the
programme outcomes.



Exercise 2

. |pO1 P02 PO |PO10
CO1 + +

CO2 + +
CO3 + +
CO4 + +

How would you design the assessment for the
above matrix?
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Exercise 3

Tablel | | [

Q1
Q2
Q3
Q4

T attainment of COs
CO2 - and POs (using
CO3 + Exercise 2)for both
CO4 + Tables, 1&2
Table2 | | | |
Q1 COo1 + CO2 +
Q2 CO2 + CO3 -
Q3 CO3 - CO4 +

Q4 Co4  + co1 -



Exercise 4

3 2 1
C2 2 1 2
C3 3 0 3
C4 2 1 3

Discuss on the potential problems, if any, where
3, 2, 1, and O refer to High, Moderate, Low, and No
emphasis, respectively. C1..4 refer to the courses,
whereas PO1..3 refer to Programme Outcomes.

How would cohort POs attainment be obtained?
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Exercise 5

Delivery __________Assessment ___

Lecture

Laboratory
PBL
Case Method

Project Based

ldentify suitable assessment techniques for the
different delivery modes.
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Exercise 6

* Write a brief executive summary of how you
are going to facilitate learning in your course
(remember you must be able to demonstrate
that learning has taken place)
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25t April 2014
Time | Duration | Day 3: Complex Problem Solving

9.30-10.45 1.25 hr Programme Outcomes & Knowledge Profile - Azlan
10.45-11.00 0.25hr Tea Break

11.00-12.45 1.75hr Level of Problem Solving - Megat

12.45-14.00 1.25hr Lunch

14.00-15.30 1.5hr Exemplars of Complex Problem - Megat
15.30-16.00 0.5hr Tea Break

16.00—-17.30 1.5hr Discussion - Azlan

®UTM |
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Outlines

UTM

IMVERSITI TEKNOLOG!H MALAYSIA

Program Outcomes (WA)
Knowledge Profile (WK)
Level of Problem Solving
Exemplars
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Azlan
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International Engineering Alliance (IEA)
Meeting, July 2012, Sydney

Washington Accord

* Graduate Attributes (Programme OQutcomes)
* Knowledge Profile
* Level of Problem Solving




UTM
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PEC Accreditation Manual
2014

uploaded on
PEC website Feb 2014




Washington Accord Graduate Attributes
PROGRAM OUTCOMES

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
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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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PROGRAMME OUTCOME

(ii) Problem Analysis

ldentify, formulate, research literature and
analyse complex engineering problems reaching
substantiated conclusions using first principles
of mathematics, natural sciences and
engineering sciences

: 3
‘I @ L7 UTM
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PROGRAMME OUTCOME

(iii) Design/Development of Solutions

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
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PROGRAMME OUTCOME

(iv) Investigation

Conduct investigation into complex problems using

research based knowledge and research methods
including design of experiments, analysis and
interpretation of data, and synthesis of
information to provide valid conclusions
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PROGRAMME OUTCOME

(v) Modern Tool Usage

Create, select and apply appropriate techniques,
resources, and modern engineering and IT tools,
including prediction and modelling, to complex
engineering activities, with an understanding of the
limitations

"’ @ ~‘. UTM
O  UMVERSITI TEKNOLOGI MALAYSIA
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PROGRAMME OUTCOME

(vi) The Engineer and Society

Apply reasoning informed by contextual knowledge
to assess societal, health, safety, legal and cultural
issues and the consequent responsibilities relevant
to professional engineering practice

Y UNVERSIT TEKNOLDGH MALAYSIA
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PROGRAMME OUTCOME

(vii) Environment and Sustainability

Understand the impact of professional engineering
solutions in societal and environmental contexts
and demonstrate knowledge of and need for
sustainable development
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PROGRAMME OUTCOME

(viii) Ethics
Apply ethical principles and commit to professional

ethics and responsibilities and norms of
engineering practice
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PROGRAMME OUTCOME

(ix) Communication

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
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PROGRAMME OUTCOME

(x) Individual and Team Work

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

(xi) Life-long Learning

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




AMIIT  \72E0 m

PROGRAMME OUTCOME

.'X, @ 5. UTM
O  UMVERSITI TEKNOLOGI MALAYSIA

(xii) Project Management & Finance

Demonstrate knowledge and understanding of
engineering and management principles and apply
these to one’s own work, as a member and leader
in a team, to manage projects and in
multidisciplinary environments




@UTM | /- vuiniT Pue DRG]

Knowledge Profile (Curriculum)

Theory-based natural sciences WK1
Conceptually-based mathematics WK?2
Theory-based engineering fundamentals WK3

Forefront specialist knowledge for practice WK4

Engineering design WK5
Engineering practice (technology) WK6
Engineering in society WK7
Research literature WKS8
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Level of Problem Solving
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25t April 2014

m Day 3: Complex Problem Solving

11.00-12.45 1.75hr Level of Problem Solving - Megat
12.45-14.00 1.25hr Lunch
14.00-15.30 1.5hr Exemplars of Complex Problem - Megat
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Outlines

UTM

IMVERSITI TEKNOLOG!H MALAYSIA

Program Outcomes (WA)
Knowledge Profile (WK)
Level of Problem Solving
Exemplars
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Depth of Knowledge Required

Complex Broadly Defined Well defined
Problems Problems Problems
(Engineer) (Technologist) (Technician)
Requires in-depth . Cap % .sollved
Requires using limited
knowledge that :
knowledge of theoretical
allows a -
principles and knowledge, but
fundamentals-based : .
. " applied procedures normally requires
first principles . ; .
. or methodologies extensive practical
analytical approach
knowledge




Problem

/ Solving
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Complex
Problem
Solving

Principles and Mechanisms

Edited by
Robert J. Sternberg

Peter A, Frensch




Scientific/Technical
Problems A

can combine to Complex Problem
form




Complex Problem

O
Need to think broadly and systematically

and see the big picture

Complex Problem

Difficult Decision

Uncertain Strategy

Confusing ldea

Contentious Product

Intractable Change
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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



Unbounded
Systems, No
Experiment

Complex Si
causal Chains

Difficult to
measure

Limited
Explanation,
Prediction,
Control

Systemes,
Controlled
Experiment

Explan

Prediction,
Control

Results in an
educated
guest

Complex

Technical

Measurable

A limited
number of
features are
captured by
the Model

Operating-with Operating with

scare
resources

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



Complex Problems (Need High Taxonomy Level)

Complex Engineering Problems have characteristic WP1 and some or all of WP2 to WP9 that can
be resolved with in-depth forefront knowledge

WP1 | Knowledge required Resolved with forefront in-depth engineering knowledge

WP2 | Range of conflicting Involve wide-ranging or conflicting technical, engineering
requirements and other issues.

WP3 | Depth of analysis required Have no obvious solution and require abstract thinking,

originality in analysis to formulate suitable models.

WP4 | Depth of knowledge Requires research-based knowledge which allows a
required fundamentals-based, first principles analytical approach.

WP5 | Familiarity of issues Involve infrequently encountered issues

WP6 | Extent of applicable codes Beyond codes of practice

WP7 | Extent of stakeholder Involve diverse groups of stakeholders with widely
involvement and level of varying needs.
conflicting requirements

WP8 | Consequences Have significant consequences in a range of contexts.

WP9 | Interdependence Are high level problems including many component parts

or sub-problems.




Bloom’s Taxonomy

Knowledge (list)
Comprehension (explain)
Application (calculate, solve, determine)
Analysis (classify, predict, model,derived)
Synthesis (design, improve)
Evaluation (judge, select, critique)




New Bloom’s Taxonomy

Remembering: can the . : :

define, duplicate, list, memorize, recall, repeat, reproduce
student recall or remember — bl b +
the information? '
Understanding: can the . . .. . .

o classify, describe, discuss, explain, identify, locate, recognize,

student explain ideas or

report, select, translate, paraphrase
concepts’

Applying: canthe student

. .. choose, demonstrate, dramatize, employ, illustrate,
use the informationin a new PIOY

interpret, operate, schedule, sketch, solve, use, write.

way’r

Analyzing: can the student appraise, compare, contrast, criticize, differentiate,
distinguish between the discriminate, distinguish, examine, experiment, guestion,
different parts? test.

Evaluating: can the student appraise, argue, defend, judege, select, support, value,
justify a stand or decision? evaluate

Creating: can the student
create new product or point
of view?

assemble, construct, create, design, develop, formulate,
write.



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 Diverse resources (people, money, equipment,

resources 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

Can extend beyond previous experiences by
applying principles-based approaches.




Problem organised project work

Lectures Group Studies

Problem Analysis Problem Solving

Tutorials Field Work Experiment

Megat Johari Megat Mohd Noor 177



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.
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Aspects

* Economics

* Social

* Environment
* Ethics

* Management
* Technology

* Analysis

* Evaluation
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Thinking

e Site condition
e Weather
* Available technology

pAMINT Guea NS

* Building materials
* Design
* Costing

* Scheduling
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Solutions?

* Problem solving skills
 Formulate the problem
* Literature

* Experiment?




. Report — style and content (flow)
. Dlsplay attractive ?

* Viva / Articulation

* Teamwork

* Management — scheduling



Example 2: Complex Problem Solving
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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



PO Attainment

Final Year Project Fl.nal Yea-r Final Year Courses
Design Project

Third Year Courses

Second Year Courses

First Year Courses
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Appendix




Complex Problem Solving (CPS)

* Dynamic, because early actions determine the
environment in which subsequent decision must
be made, and features of the task environment
may change independently of the solver’s actions;

* Time- dependent, because decisions must be
made at the correct moment in relation to
environmental demands;

 Complex, in the sense that most variables are not
related to each other in a one-to-one manner



Microworld CPS Model

 The problem requires not one decision, but a
long series, in which early decisions condition
later ones.

e For a task that is changing continuously, the
same action can be definitive at moment t1
and useless at moment t2.

* Include novel solutions to an old dilemma in
general science (external validity vs.
experimental control)



Expert-novice CPS Model

* Expert-novice approach most of the time
produces conclusions that are crystal-clear.

* |t almost guarantees statistically significant
results, because the groups compared (expert
and novices) are very different and tend to
perform very differently when confronted with
similar experimental situations (Sternberg
1995).



Naturalistic decision making (NDM)

* Naturalistic decision making (NDM) (e.g.,
/sambok and Klein 1997, Salas and Klein
2001)

 ‘real-world’ task

 Example interviewing firefighters after
putting out a fire or a surgeon after she has
decided in real time what to do with a
patient.



Dynamic decision making DDM

* Dynamic decision making (DDM) (Brehmer
1992, Sterman 1994).

* Discrete dynamic decision tasks that change
only when the participant introduces a new
set of inputs.

e Variables like time pressure have been
successfully integrated in models like
Busemeyer and Townsend’s (1993) decision
field theory



Implicit learning in system control

* This tradition has used tasks like the sugar
factory (Berry and Broadbent 1984) or the
transportation task (Broadbent et al. 1986), that
are governed by comparatively simple
equations.

* The theorization and computational modeling in
this branch of CPS are extremely rich. Models
are based on exemplar learning, rule learning,
and both (e.g., Dienes and Fahey 1995, Gibson
et al. 1997, Lebiere et al. 1998).



European complex problem solving (CPS)

* |nitiated by Dorner (D6rner and Scholkopf
1991, Dorner and Wearing 1995)

* A large number of tasks that have been
considered complex problem solving are
nowadays affordable for theory development
and computer modeling (e.g. Putz-Osterloh
1993, Vollmeyer et al. 1996, Burns and
Vollmeyer 2002, Schoppek 2002)

* Transport real-life complexity to the lab in a
way that can be partly controlled



Time related

* Time variant — time invariant (dynamic vs.
static systems)

e Continuous time — discrete time.

* Degree of time pressure — decision has to be
made quickly



Variable related

 Number and type (discrete/continuous) of
variables

* Number and pattern of relationships
between variables

* Non-Linear - Linear



System behaviour related

 Opaque - transparent.
e Stochastic - deterministic
* Delayed feedback - immediate feedback.



Delivery

Knowledge-lean vs. knowledge-intensive

Skill based vs planning based (reactive vs
predictive

Learning vs. no learning during problem
solving

Understanding-based vs. search-based
problems

lll-defined vs. well-defined



Conclusion

* Problem solving has been traditionally a
task-centered field. VanLehn (1989) think
that ‘task’ and ‘problem’ are virtually

synonymous.



Idiagram
uum

Sources of Difficulty & Uncertainty:
« Complexity - the probiem contains a large number
of diverse, dynamic and Interdependent elements

« Measurement - 7 i< difficult or practically
unfeasible to get goad quantitative data

« Novelty - there [s a new situation evolving, or an
Innavative design Is needed

The Big-Picture

A Complex Problem

Complex Problem
Difficult Decision
Uncertain Strategy
Confusing Idea

Contentious  Product
Intractable  Change

The Technical Details

with cc':mplex problean rec]uires that we think broadly, systemically, and see the big-picture -

which the narrow technical details must fit.

Complex

Unbounded Systems
No Experiments
-

Difficult to
Measure

Technical
Isolateable Systems
Controlled Experiments
'Simple” L
Causal Chains

Limited

« Explanation

« Prediction
« Control

Results in an
Educated Guess

A limited number of features
L are captured by the Model

Operating with
Scarce Resources

« Control

« Explanation
« Prediction

Results in &
Covering Law

flxyz)

/

All the Salient Features
are captured by the Model

)

into

Characteristics of Complex Problems*:

+ No definitive problem boundary

« The problem is relatively unigue or unorecedentad

+ Unstable anc/or unpredictable probiem parameters

« Multiple experiments are not possible

« There is no bounded set of alternative solutions

+ Involve multiple stakeholders with different and/or
conflicting viewgoints ang interasts

» No singte optimal and/cr objectivaly testable solution
+ No clear stopping point

Require Different Approaches

Characteristics of Technical Problems:

- Isolateable, boundable problems

« Problems are of a universally similar type

- Stable.and/cr predictable problem parameters

« Multiple low-risk experiments are possible

«There is 4 limited set of alternative salutions

- Involve few or hamogeneous stakehoiders

« There is a single aptimal and testable solution

- The single optimal solution can be clearly recognized

* Adapred from:

Conklin, Jeff; "Wicked Prablems and Social Complexity”, CogNexus
Institute httpy//cognexus.org, 2001-2003
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