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• Design
• Business
• Mathematics and Sciences
• Chemical and Life Sciences
• Singapore Maritime Academy
• Electrical & Electronic Engineering
• Architecture and Built Environment
• Mechanical & Aeronautical Engineering
• Digital Media & Infocomm Technology
• Communication, Arts and Social Sciences

10 Academic Schools

Singapore Polytechnic
• Established 27 October 1954

• 38 Hectares of Lush Greenery

Mission : Life Ready. Work Ready. World Ready

Staff

1683

Alumni

189,929

Students

Full-time Diploma 

14,910

Continuing Education 

19,452

Programmes
47 Full-time Diplomas
10 Part-time Diplomas
8 Advanced Diplomas
15 Specialist Diplomas
6 Diploma Conversion

36 Work Skill Qualification
128 short courses



2004

The Challenge

We need to produce graduates who are more 
Creative, Innovative and Entrepreneurial (CIE)

Education Model of the Future?



Responding to 
The Challenge 

• Pilot CDIO with 20 students

• Convince management

• Joined CDIO in 2004



CONCEIVE - DESIGN - IMPLEMENT –
OPERATE (CDIO) STANDARDS

1. CDIO as Context

2. CDIO Syllabus Outcomes

3. Integrated Curriculum

4. Introduction to Engineering

5. Design-Build Experiences

6. CDIO Workspaces

7. Integrated Learning Experiences

8. Active Learning

9. Faculty CDIO Skills

10. Faculty Teaching Skills

11. CDIO Skills Assessment

12. CDIO Program Evaluation





2012 - Singapore Polytechnic elected CDIO Regional Centre for Asia 

Universiti Teknologi Malaysia (UTM) and Universiti Teknologi
MARA (UiTM)

3 State Polytechnics Politeknik Ungku Omar (Ipoh), Politeknik
Ibrahim Sultan (Johor), and Polikteknik Shah Alam

Vietnam National University-Ho Chih 
Minh City (VNU-HCMC)

Chulalongkorn University 
Rajamangala University

University of Muhammadiyah Yogyakarta
University of Muhammadiyah Surakarta

Ifugao State University, Central Luzon 
State University, Batangas State 

University, Laguna State Polytechnic 
University, Negros Oriental State 

University,  Visayas State University, 
Mindanao University of Science and 

Technology, Surigao del Sur State 
University 

Mongolian University of Science and Technology (MUST), 
National University of Mongolia (NUM) and Mongolian 

University of Life Sciences (MULS)
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CDIO In Action

Requirement:

• Minimal human intervention

• Zero error

• Compact

• Low noise

Achievement:

• High utilisation rate

• Operates 24/7

• Saves 8,760 man-hours annually

• Capable of storing more than 4,000 
bottles 

• Handles 80 different bottles’ shapes 
and dimensions
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Singapore’s Resource  Constraints

Productivity 
Driven Growth 

Model

Rapidly aging 
workforce

Low birth rate

Land and space 
constraints



Nov 2014







Megatrend
An information revolution where everybody & everything is networked 



Additive Manufacturing

• From 3D design and simulation

• Produce desired components and parts

• Faster, more flexible and more precise

• Less prototype construction, fewer dies, 
less post-processing

../Downloads/Airbus Adds Metal 3-D-Printed Parts to New Jets.mp4
https://youtu.be/tWX7BLozGFc


• Adapt to real-world variability

• Change applications quickly 

• Perform tasks like people do

• Detect people prior to contact

Collaborative/
Autonomous 
Robots 



2014

The Challenge

Education Reform to Support Economic 
Transformation 

We need to produce graduates who are 
Future Ready and Industry 4.0 Ready

Next Education Model?



The New Norm for Polytechnic Education

Pre-Employment Training (PET)

Continuing Education & Training (CET)
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Enhancing CDIO in Singapore Polytechnic

Design Thinking

Standard 1 – CDIO Context
Standard 7 - Integrated Learning Experiences

FabLab

Standard 5 - Design Implement Experiences
Standard 6 - Engineering  Workspaces

Standard 1 – CDIO Context

Industry Value Exchange

Standard 8 - Active Learning

Skills Framework

Standard 2 – Learning Outcome

Industry 4.0 –
future ready 

graduates



Enhancing CDIO in Singapore Polytechnic

FabLab

Standard 5 - Design Implement Experiences
Standard 6 - Engineering  Workspaces

Standard 1 – CDIO Context

Industry Value Exchange

Standard 8 - Active Learning

Skills Framework

Standard 2 – Learning Outcome

Industry 4.0 –
future ready 

graduates

Design Thinking

Standard 1 – CDIO Context
Standard 7 - Integrated Learning Experiences



Singapore Polytechnic Engineering Training

Design 

Thinking

FabLab



Singapore Polytechnic Design Thinking



Enhancing CDIO in Singapore Polytechnic

Design Thinking

Standard 1 – CDIO Context
Standard 7 - Integrated Learning Experiences

Industry Value Exchange

Standard 8 - Active Learning

Skills Framework

Standard 2 – Learning Outcome

Industry 4.0 –
future ready 

graduatesFabLab
Standard 5 - Design Implement Experiences

Standard 6 - Engineering  Workspaces
Standard 1 – CDIO Context



Singapore Polytechnic Fablab

Fab

LABS

Fab

COMMUNITY

Fab

SKILLS

Fab

INNOVATION



• Created in 2009 from MIT’s 
Centre of Bits & Atoms Fab 
Lab program

• Mission:
* Access to tools and knowledge
* Educate, innovate and invent 

using digital fabrication
* Allow anyone to make (almost) 

anything
* Create opportunities to 

improve lives around the world

• Approximately 1000 
FabLabs, including FabLab
Singapore Polytechnic

http://www.fabfoundation.org/
http://www.fabfoundation.org/fab-labs/


Roy Ang  Walter Chan  Rodney Dorville
Edward Tay  Chan KC  Steven Chew 
Hendra  Mark Ng  Keith Tan
Teo SJ  Tham HL  Yue SC

Singapore Polytechnic Staff Development

Machine Bldg

2D/3D Printing Place & Fit 3D Design Electronics Fab Composites Moulding

Milling Electronic CAD Embedded Dsg App Program Input/output Microcontroller

Networking

Final Projects

3D Fabrication



Singapore Polytechnic Student Skill Development Framework

INSPIRATION

EDUCATION

INNOVATION



Innovating

Making

Tinkering



Being

Curious
Collaborative

Agile
Persistent

CHARACTER

Empathizing with others
Appreciating real world concerns
Understanding own motivations

Building an active community
Feeling

CONNECTEDNESS

Dare to DREAM

Singapore Polytechnic Fablab

Thinking

COMPETENCE Analyzing
Associating
Evaluating

Questioning

Dare to DO

Doing

Creating
Digitally Fabricating
Rapidly Prototyping

Experimenting

CONFIDENCE

SkillsFuture



Recent Student 
Activities & Projects

GovTech

• Singapore Polytechnic 
student Julian Kang 
demonstrating his invention 
to Minister for 
Communications and 
Information, Dr Yaacob
Ibrahim.

• The inventive Julian has even 
developed a prototype gizmo 
that promises to connect any 
device to the Internet.



Recent Student 
Activities & Projects

MFC enabled by IoT

• Student research on Microbial 
Fuel Cell (MFC): bacteria and 
waste water to generate 
electricity

• Problem statement: voltage 
generated by MFC is logged by 
hand

• Come to FabLab@SP to discuss 
with staff & students on 
realizing an idea

• Conceive & Design: 
automating data logging for 
research findings

• Implement & Operate: IoT
enabled data acquisition jig for 
MFC 



Recent Student 
Activities & Projects

Remotely Operated 
Vehicle (ROV) 

• Used in offshore engineering 
application

• Unoccupied underwater robot

• Allows remote navigation of 
the vehicle 

• Performs underwater 
hazardous tasks



Recent Student 
Activities & Projects

Autonomous Guided Vehicle 
(AGV) with industry 

• For a production line, using a 
wireless charging system provided 
by industry sponsor SEW 
EURODRIVE

• Intelligent, autonomous mobile 
platform delivers materials to 
designated workplaces

• Allows remote control, mobile data 
acquisition, wide area monitoring 
and Industry 4.0 interoperability 
through Cyber-physical 
connectivity



Enhancing CDIO in Singapore Polytechnic

Design Thinking

Standard 1 – CDIO Context
Standard 7 - Integrated Learning Experiences

FabLab

Standard 5 - Design Implement Experiences
Standard 6 - Engineering  Workspaces

Standard 1 – CDIO Context

Industry Value Exchange

Standard 8 - Active Learning

Industry 4.0 –
future ready 

graduates

Skills Framework

Standard 2 – Learning Outcome



Singapore Skills Framework

Job Role

Generic 

Skills & 

Competencies

Technical Skills & 

Competencies

Critical Work Functions,
Key Tasks & Performance Expectations

For all Job-Roles 
within a 
Sector/Sub-
sector



Mapping of Generic Skills & Competencies

Institutional 

Modules

Common 

Modules

Course-Specific Modules

Institutional 

Modules

General Education | Social Innovation Project |

Communication | Education & Career Guidance |

SP Graduate Attributes

Common

Modules

Introduction to Statistical Literacy| Basic

Mathematics | Engineering Mathematics | IT & Data

Analysis for Business | P4P



Mapping to Diploma in Mechanical Engineering
S/N Skills DME Status

1 Apply geometric dimensioning and 
tolerancing 

Computer-aided drafting
Design & build
Advanced machining & metrology*

Mapped

2 Performing engineering simulation for 
design verification

Finite element methods^
Project/Internship

Waiting 
MOE’s reply#

3 Apply materials characterisation Engineering materials 1 & 2
Advanced machining & metrology*

Mapped

4 Apply mechanical fixtures design Design & build
Tooling engineering*

Mapped

5 Apply precision machining Computer-aided machining
Advanced machining & metrology*

Mapped

6 Implement engineering activities and 
processes

Industrial engineering
Organisational management

Mapped

7 Apply measurement metrology in quality 
assurance

Introduction to engineering
Quality engineering & management
Advanced machining & metrology*

Mapped

*Precision 

Engineering 

Option only

^Advanced 

Module



Mapping to Diploma in Mechanical Engineering

Conclusion: 10/11= 91% mapped



Mapping of CDIO Skills to Skills Framework to 
Generic Skills & Competencies 



Enhancing CDIO in Singapore Polytechnic

Design Thinking

Standard 1 – CDIO Context
Standard 7 - Integrated Learning Experiences

FabLab

Standard 5 - Design Implement Experiences
Standard 6 - Engineering  Workspaces

Standard 1 – CDIO Context

Skills Framework

Standard 2 – Learning Outcome

Industry 4.0 –
future ready 

graduates

Industry Value Exchange

Standard 8 - Active Learning



Enhancing Industry Relevance of Courses

WHAT 
Professionals learn?

HOW 
Professionals learn 

Industry Relevant
Course Offerings

CDIO
Singapore Skills 

Framework



Feedback
Coaching

Mentoring
On-the-Job Training

Communities of Practice
Stretched assignments

Job Shadowing
Job rotations

Industry Partnership

Workplace

Internships
Mini-projects
Industry Projects
Industry Tours/Talks
Simulated workplace 
Environments

Learners bring LEARNING from polytechnic 
to apply in the workplace

Learners bring EXPERIENCE from workplace 
to enhance learning in polytechnic

Polytechnic



Value Exchange

Students Industry

Internship

Enterprise Solutions 



Industry Value Exchange In Action



Summary: Enhancing CDIO in Singapore Polytechnic

Design Thinking

Standard 1 – CDIO Context
Standard 7 - Integrated Learning Experiences

FabLab

Standard 5 - Design Implement Experiences
Standard 6 - Engineering  Workspaces

Standard 1 – CDIO Context

Industry Value Exchange

Standard 8 - Active Learning

Skills Framework

Standard 2 – Learning Outcome

Industry 4.0 –
future ready 

graduates
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Back to 2004…in Mojave Desert



18 months later 2005…



2009



Moving Forward

What are the 
implications for the 

future of engineering 
education ?

2004

2014



Future of 
Engineering 
Education

Adaptability

rapid innovation 
cycles, technical 
knowledge rapid 

advancement 

Interdisciplinarity

multi-discipline 
perspectives

Survival in IT 

scientific 
programming 

Creativity

gold standard for 
capability

Responsive 
Curriculum 

flexible, adaptive 
(smart), 

individualized

Permanent 
Freelance

entrepreneurial 
& interpersonal 

skills 

Credit: Sabina Jeschke, 2015




