The CDIO Syllabus Customized for the Singapore Polytechnic

1 TECHNICAL KNOWLEDGE AND REASONING

1.1 KNOWLEDGE OF UNDERLYING SCIENCES [a]

1.1.1 Mathematics (including statistics)

1.1.2 Physics

1.1.3 Chemistry

1.1.4 Biology

1.2 CORE ENGINEERING FUNDAMENTAL KNOWLEDGE [a]

1.2.1 Fluid Mechanics

1.2.2 Solid Mechanics and Materials

1.2.3 Dynamics

1.2.4 Signals and Systems 

1.2.5 Thermodynamics

1.2.6 Control

1.2.7 Computers and computation

1.3 ADVANCED ENGINEERING FUNDAMENTAL KNOWLEDGE [k]

1.3.1 Aerodynamics

1.3.2 Structural Mechanics

1.3.3 Structures and Materials

1.3.4 Jet and Rocket Propulsion

1.3.5 Flight and Advanced Aerospace Dynamics

1.3.6 Computational Techniques

1.3.7 Estimation and Navigation

1.3.8 Human and Supervisory Control

1.3.9 Digital Communications

1.3.10 Software Engineering

1.3.11 Autonomy

1.3.12 Digital Circuits and Systems

2 PERSONAL AND PROFESSIONAL SKILLS AND ATTRIBUTES

2.1 ENGINEERING REASONING AND PROBLEM SOLVING PROCESS
2.1.1 Identify and formulate problems 

Evaluate background data and symptoms
Select the key issues to be resolved
Write a problem statement
2.1.2 Formulate a strategy to solve problems  
Apply tests for consistency and errors (limits, units, etc.) 
Generate alternative solutions (using models, analytical and numerical solutions, qualitative analysis, experimentation and consideration of uncertainty, working within realistic time constraints)

Analyze essential results of solutions and tests
Analyze and reconcile discrepancies in results

Formulate summary recommendations 

2.2 EXPERIMENTATION AND KNOWLEDGE DISCOVERY
2.2.1 Formulate hypothesis
Select critical questions to be examined
State hypotheses to be tested 
2.2.2 Conduct Literature Review
Conduct information search and identification using library tools (on-line catalogs, databases, search engines) 
Sort and classify secondary information 
Evaluate the validity and reliability of information
Identify essential information (eg innovations) contained in the information
Cite relevant sources of information
2.2.3 Conduct Experimental Inquiry 
Construct experimental design (eg Identify controls and control groups

Identify valid sources of data, Identify the precautions (eg environmental, safety and health) in conducting experiments

Conduct experiment (Apply test protocols and experimental procedures, Collect and collate data)
2.2.4 Analyse data and write report 
Validate data using statistical methods
Identify the limitations of data employed
Draw conclusions supported by data
Appraise possible improvements in knowledge discovery process
2.3 SYSTEM THINKING

2.3.1 Understand the basis and methods of System Thinking
Explain the purpose, discipline and methodology of system thinking
Identify types of systems, sub-systems and components
Identify the key characteristics (‘laws’) of systems
2.3.2 Apply systems thinking in problem-solving



Use a range of systems thinking tools

Identify factors that affect the behavior of the system (eg “input”, “throughput”, “output”, “feedback”, and “delay”)

Analyse the impact of feedback and delay on system behavior

2.4 PERSONAL SKILLS AND ATTITUDES
2.4.1 
Apply the thinking process


Identify key thinking skills in good thinking

Identify barriers to effective thinking (e.g., traits, dispositions, working memory, perception, lack of information, etc)

Identify factors that promote effective thinking (motivation, openness, risk taking, exposure to varied knowledge bases and ideas, etc)


Use a range of critical thinking skills (e.g., analysis, comparison and contrast, inference and interpretation, and evaluation)

Use the creative thinking process (e.g. generating possibilities, incubation, illumination)
             
Use a range of creative thinking tools and techniques (e.g., Brainstorming, Mindmapping, TRIZ)

                      
Identify contradictory perspectives and underlying assumptions


       
Reframe and take a range of different perspectives



Use metacognition in monitoring the quality of personal thinking      

2.4.2
Manage Learning


Identify key aspects of the learning process
Identify how emotions and beliefs affect learning
Identify approaches for self-improvement (e.g., lifelong learning, creating positive beliefs and psychological states, managing emotions, etc)



Display key dispositions (e.g., initiative, perseverance, flexibility, etc) in work projects


Use a range of learning strategies and skills (e.g., goal setting, learning plans, organizing/summarizing  information, receiving feedback, etc)

Manage time and resources

2.5 PROFESSIONAL SKILLS AND ATTITUDES 

2.5.1 Evaluate the impact of values and ethics
Identify the need for values and ethical codes of conduct
Compare and contrast value systems and ethical codes of conduct
Analyse the impact of values and ethical codes of conduct on personal and professional behavior
2.5.2 Demonstrate professional behavior at work and in society
Use ethical reasoning on issues relating to human conduct in personal and professional contexts

Identify behaviours that demonstrate social responsibility

Demonstrate behavior consistent with agreed codes of ethics and values systems
2.5.3 Staying current on emerging research and practices 
Analyse current research and practices in own professional field
Identify the impact of new research and technology on engineering practices
3 INTERPERSONAL SKILLS: TEAMWORK AND COMMUNICATION
3.1 TEAMWORK

3.1.1 Form Effective Teams

Identify the components of an effective team

Identify the stages of team formation 
Identify team roles and their impact on team performance 
Analyze the strengths and weakness of a team

3.1.2 Manage and Participate in Teams 
Identify goals and agenda

Apply team ground rules 

Apply facilitation and conflict resolution strategies
Display teamwork, including leadership, in a range of team role situations

3.2 COMMUNICATIONS 
3.2.1 Design appropriate communications strategies

Analyze the communication situation (e.g., in terms of purpose, audience and context (PAC))

Identify key considerations in communicating across cultures and disciplines

Identify communications objectives

Read critically and select relevant content 

Identify and choose appropriate communication structure and style

Select appropriate multimedia and graphical communication (e.g. email, voicemail, video conferencing, tables and charts, sketching and drawing) 
3.2.2 Demonstrate effective written communication

Write with logical organization and clear language flow

Use concise and precise language

Use correct grammar, spelling and punctuation 

Apply appropriate written styles with appropriate formatting conventions to suit PAC
3.2.3 Demonstrate effective oral communication

Design and deliver presentations applying communication design principles (e.g., as in 1.1.1 above)
Speak clearly and coherently (eg to be understood in a range of communication situations)
Use appropriate nonverbal communications (e.g., posture, gestures, eye contact)

Demonstrate active and empathetic listening in a range of communication situations (e.g., working in teams, responding to questions, etc)

Ask and answer questions effectively
4 CONCEIVING, DESIGNING, IMPLEMENTING AND OPERATING SYSTEMS IN THE ENTERPRISE AND SOCIETAL CONTEXT

4.1 EXTERNAL AND SOCIETAL CONTEXT 
4.1.1 Understand Roles and Responsibility of Technologists 
Explain professional goals and roles of the engineering profession
Analyze the responsibilities of technologists to society
4.1.2 Understand the Impact of Engineering on Society
Explain the impact of engineering on the environment (e.g., ecological, social, economic, cultural systems etc)
Explain the need for Sustainable Development

Identify possible solutions to support Sustainable Development

4.1.3 Understand the Regulation of Engineering
Recognize the way in which legal systems regulate and influence engineering
Describe how professional societies license and set standards
Describe how intellectual property is created, utilized and defended
4.1.4 Develop a Global Perspective
Identify the basis of cultural diversity
Compare and contrast a range of cultural practices and their impact on human conduct and communication

Define globalization
Identify factors that contribute to globalization
Identify the social, economic and environmental impact of globalization

4.2 ENTERPRISE AND BUSINESS CONTEXT
4.2.1 Appreciate Different Enterprise Cultures
Recognize the differences in process, culture, and metrics of success in various enterprise cultures: 
Corporate vs. academic vs. governmental vs. non-profit/NGO

Market vs. policy driven

Large vs. small

Centralized vs. distributed

Research and development vs. operations

Mature vs. growth phase vs. entrepreneurial

Longer vs. faster development cycles

With vs. without the participation of organized labor
4.2.2 Identify Enterprise Strategy, Goals, and Planning
State the mission and scope of the enterprise
Recognize an enterprise’s core competence and markets
Recognize the research and technology process
Recognize key alliances and supplier relations
List financial and managerial goals and metrics
Recognize financial planning and control
Describe stake-holder relations (with owners, employees, customers, etc.) 
4.2.3 Understand Technical Entrepreneurship 
Recognize entrepreneurial opportunities that can be addressed by technology 
Recognize technologies that can create new products and systems 
Describe entrepreneurial finance and organization 
4.2.4 Understand Organizational Structure and Dynamics  
Define the function of management and organizational structure
Describe various roles and responsibilities in an organization 
Describe the roles of functional and program organizations 
Describe working effectively within hierarchy and organizations 
Describe change, dynamics and evolution in organizations 
4.3 CONCEIVING AND ENGINEERING SYSTEMS 
4.3.1  Identify market needs and opportunities
Elicit and interpret customer needs
Identify opportunities which derive from new technology or latent needs
Classify competitors and benchmarking information
4.3.2 Define Function, Concept and Architecture  
Identify necessary functions (and behavioral specifications) 
Select relevant engineering concepts 
Identify the appropriate level of technology 
Analyze trade-offs and recombination of concepts 
Identify high level architectural form and structure
Identify the decomposition of form into elements, assignment of function to elements, and definition of interfaces 
4.3.3 Model System to Verify Goals  
Identify appropriate models and prototype, (e.g., models, animation tools, simulation etc) of technical performance
Describe the concept of implementation and operations
Select between trade-offs among various goals, function, concept, structure and cost
4.3.4 Develop Project plan  

Produce project scope, objectives and deliverables

Identify project resources (eg cost, manpower, facilities, etc)

Produce project schedule, key milestones and critical path analysis

Identify risks and contingency plans
Produce project report guidelines
4.4 DESIGNING 
4.4.1 Formulate the Design 
Choose requirements for each element or component derived from goals and requirements 
Analyze alternatives in design 

Evaluate prior work in the field, standardization and reuse of designs (including reverse engineer and redesign)

Select the most appropriate design 
Synthesize the final design 
4.4.2 Plan the Design Process and Approaches  
Explain the activities in the phases of system design (e.g. conceptual, preliminary, and detailed design)
Identify process models appropriate for particular development projects (waterfall, spiral, concurrent, etc.)
4.4.3 Apply Disciplinary Knowledge and Skills
Choose appropriate techniques, tools, and processes 
Conduct quantitative analysis of alternatives
Evaluate analytical refinement of the design
4.4.4 Apply a Multidisciplinary Perspective
Explain multidisciplinary design

Compare and contrast different discipline perspectives (eg conventions, assumptions, design environments)
Identify interactions between disciplines in design
4.4.5 Evaluate design/prototype to achieve multiple objectives  

Appraise design for: 
· Performance, life cycle cost and value

· Optimizing experience through aesthetics and other human factors

· Implementation, verification, test and environmental sustainability

· Functionality
· Maintainability, reliability, and safety 

· Robustness, evolution, product improvement and retirement

4.5 IMPLEMENTING 
4.5.1 Plant the Implementation Process 
State the goals for performance, cost and quality 
Plan the implementation project according to:
Task allocation
Work flow 

4.5.2 Plan for Hardware Realisation  
Describe the production of parts 
Describe the assembly of parts into larger constructs 
Define tolerances, variability, key characteristics and statistical process control

4.5.3 Planning for Software Implementing Process 
Explain the break down of high level components into module designs (including algorithms and data structures) 
Describe algorithms (data structures, control flow, data flow) 
Describe the programming language
Execute the low-level design (coding)
Describe the system build
4.5.4 Planning for Hardware Software Integration
Describe the integration of software in electronic hardware (size of processor, communications, etc) 
Describe the integration of software integration with sensor, actuators and mechanical hardware 
Describe hardware/software function and safety
4.5.5 Testing, Verifying, Validating, and Certifying 
Describe test and analysis procedures (hardware vs. software, acceptance vs. qualification) 
Describe the verification of performance to system requirements 
Evaluate the validation of performance to customer needs 
Verify design conformance to standards 
4.5.6 Managing Implementation 
Identify sourcing, partnering, and supply chains 
Control implementation cost, performance and schedule 
Describe quality and safety assurance 
Describe possible implementation process improvements 
4.6 OPERATING 
4.6.1 Planning Training and Operation procedures 
Interpret the goals for operational performance, cost, and value
Identify types training for professional operations (eg Simulation, demonstration, instructional procedures)
Plan a training program for end user
Produce operational process manual
4.6.2 Managing Operations 

Forming partnerships and alliances
Control operational cost, performance and scheduling
Describe quality and safety assurance
Describe possible operations process improvements
4.6.3 Supporting the Product Lifecycle 

Explain maintenance and logistics 

Describe lifecycle performance and reliability
Recommend product improvement based on needs observed in operation
List disposal options

List environmental considerations for disposal
