Lecture I: Introduction

Engineering Design
· Design problems are usually poorly posed, do not have a unique solution or identifiable closure and require integration of knowledge from many subjects
· Process called “Design Thinking” 
· Demonstrates basic steps of design and helps to improve the odds of creating “good” designs
· Empathize  Define  Ideate  Prototype  Test
· Tips to create successful project teams
· Go for diversity
· Be organized and punctual
· Always communicate 
· Respect and support each other
· Keep an open mind
· Be enthusiastic

Lecture II: EWB Case Study – Rainwater Harvesting

Quiz
· What is the problem? What is required to solve it? What key data is available?

Suggested solution steps
· Understand the problem (Needs Identification)
· What is the real need? 
· How much water is required each year per household?
· Is this reasonable? Always do a “sanity check”
· Identify potential concepts and pick a solution (Conceptual Design)
· Design Criteria
· Determine the criteria you can use to judge the quality of the solution
· Check feasibility with calculations and specific scenarios – use data
· Develop and refine the solution (Preliminary Design)
· What is the general configuration?
· What are the key characteristics/components in terms of design?
· What do we have control over?
· What affects the reliability of the system? 
· Develop a detailed solution – specifics 
Improve using analytical simulations (USE REAL DATA) and reliability 
· Complete the solution (Detailed Design)
· How much will it cost? – select your materials accordingly 
· Is this cost feasible? – base this off of incomes and budgets
· Consider social and cultural issues – if any (and any other issues)

Lecture III: Design Thinking

What is design thinking?
· An approach to solving design problems by understating user needs and developing the design tools required to solve those problems
· Empathize  Define  Ideate  Prototype  Test
Empathize
· Interview
· Ask open ended questions
· Dig deeper, get past the technical and try to get to the emotional side (ask why!)
Define
· Capture your findings
· Create needs or insightful statements based off of your findings
· Needs are actionable, they’re what the user wants to accomplish
· Insights are discoveries (unobvious) that can be leveraged when designing
· Define the problem statement
· Your point of view
· State a challenge you are willing to take 
· Short, specific and sexy
Ideate
· SKETCH!
· Always keep the problem statement in mind 
· Quantity over quality here
· Share your ideas/solutions and get feedback
· Listen to your user’s feedback
· Don’t defend your ideas
· Iterate based on feedback
· Reflect on what you may have learnt about your partner and about your solutions
· Create ONE new solution based off of the feedback
Prototype
· Build your solution
· Create a physical prototype 
· Create an experience that your partner can engage in and react to
· You can focus the prototype or make it comprehensive 
Test
· Share your solution and get feedback
· Prototype isn’t precious…feedback is 
· Don’t defend the solution, understand and observe the results

Lecture IV: Customer Needs

Customer: pays for the product
User: uses the product
Customer Needs Identification
· Process of determining what and how a user interacts with a product
· Needs are non-technical and reflect the users’ perception of the product, not the actual design specifications
· Goals
· Focuses the product development process on the actual needs of the customer
· Helps to identify the explicit and latent needs
· How
· Gather raw data from customers through:
· Observation
· Passive: watch
· Active: work side-by-side
· Interviews
· Prepare interview script
· Suppress preconceived hypotheses
· Watch for non-verbal information
· Focus Groups
· Interpret the data in terms of customer needs
· Write the needs in terms of what the product has to do – SPECIFIC 
· Use positive phrasing
· Express the needs as an attribute of the product
· Avoid “must” and “should”
· Establish a relative importance of needs
· Eliminate redundant statements
· Group statements according to the similarity of the needs they express
· Label each group
· Rank numerically
· Reflect on the results
· Make sure you’ve covered all the bases
· Before starting determine:
· Who the customers are
· What information should be gathered from them
· How that information should be gathered
Lead Users
· Users that are experiencing needs that are ahead of the targeted markets
· They often help develop products or service prototypes to satisfy their leading needs
· Three types
· Target application and market
· Similar applications in advanced “analog” markets
· Ones WRT important attributes of problems faced by user in the target market
Problem Definition
· A problem definition is a claim of one of two sentences in length that outlines the problem that will be addressed by the design process based on the customer needs
· What is the problem? (i.e. what needs are being addressed?) 
· Whose problem is it? (i.e. who needs the solution)
· What form can the solution be? (i.e. what is the scope and what are the limitations?)
· Focuses attention of the problem solving team
· But don’t limit creativity and innovation by being too specific

Lecture VI: Design Criteria

· Precise description of what the product has to be based on the interpreted needs
· Requirements/characteristics 
· Functional and Non-Functional Requirements
· Constraints: important considerations that must be taken into account in the design
· Metric: measurable attribute of the solution 
· Readily identifiable units of measure
· Used to measure solution performance
· Obtained from functional design criteria and benchmarking 
Engineering Design Specifications
· Target specifications are numerical values based on defined metrics that are desired of potential solutions
· Define values considered to be ideal and acceptable
· Translate needs into design criteria and specifications 
Benchmarking
· In terms of customers’ perceptions
· In terms of technical performance 
· Opportunity to learn specific design approaches 
Use weight system like for needs

Lecture VII: Teamwork and Conflict Management

· Healthy and constructive conflict can help promote success and innovation
· Teams with diverse POVs, experiences, skills and opinions will usually be more successful
Conflict resolution process
· Prepare for resolution
· Acknowledge the conflict 
· Discuss the impact it has on team dynamics and performance
· Agree to cooperative process and communication
· Understand the situation
· Clarify positions 
· List facts, assumptions and beliefs
· Analyze in smaller groups
· Convene back as a team
· Reach an agreement
· Decide what course of action to follow 
· [image: ]Create a plan
· Make sure everyone is committed 
Consider:
· Time pressure
· Issue importance
· Relationship importance
· Team members’ relative powers/authorities

Lecture VIII: Modeling/Prototyping I: Conceptual Design

Concept Generation
· Creative phase
· Make as many conceptual designs as you can
· Freehand Sketching
· Used to explore, study and communicate design concepts
· Isometric, Oblique, Orthographic
· Block Diagrams
· System components, input – output 
· Provide understanding of signal flows
· Enables modelling of complex systems 
· Generates overall system transfer function
· Generating ideas by brainstorming 
· Define and agree on the objective
· Brainstorm ideas and suggestions 
· Categorize/condense/combine/refine
· Analyze and assess effects or results
· Prioritize/rank options
· Agree on actions and timescale
· Control and monitor follow-up
· Formal setting, cross stimulation, suspend judgement

Lecture IX: Time Management and Project Management

Project
· Series of tasks complex enough to require planning and then also monitoring 
· Project management is the planning and monitoring 
· Time management describes organization techniques 
Personal Time Management
· To-do list 
· Agenda and planner – give priority
· Multi-tasking wastes time – context switching doesn’t allow you to focus
· Important in teams because of task completion dependencies 
Create a schedule 
· Define tasks and milestones
· Estimate task durations
· Assign/delegate tasks 
· Determine task dependencies – also determine the CRITICAL PATH 
Tasks and milestones
· Task: activity with a duration and an owner
· Milestone: significant event with a date
· Task duration is relative and depends on the person completing the task 
· It’s better to over-estimate or estimate the average time than underestimate
Resources and Risk Contingency Plans
· Ordering materials well in advance
· Mitigation plans for risks, their likelihood and their outcome

Lecture X: Engineering Design Analysis

Application of principles and scientific analytical processes to study the properties and state of a system. It is done in stages
· Separate the system being analyzed into the constituent modules or operation subcomponents
· Analyze or examine each operational subcomponent
· Recombine these analyzed subcomponents
[bookmark: _GoBack]This analysis allows us to predict the results of our design and prevent possible system fails
· Based on preliminary concepts selected, determine a list of initial components and materials that best meet the target specifications
· Use the values of the properties of these components and materials to calculate as accurately as possible the specific values of the design based on defined metrics
· Compare to the target specifications and change your choice of components and materials as necessary 
· Repeat steps 2 and 3 until satisfied
Engineering Analysis
· Uses mathematical calculations, models, simulations and experimental prototyping to ensure that each subsystem meets design specifications
· Try simplest method first
· Do not make random choices for components and materials 

Lecture XI: Giving/Receiving Feedback and Prototype/Test Plan

Giving Feedback
· Use neutral terms describing the behaviour and its effect on you
· Person giving feedback shouldn’t intervene and tell you how you feel/should feel
· Be specific and actionable
· Don’t give feedback for other people
· Be timely
· Give feedback at the right time (gauge the situation)
Receiving Feedback
· You don’t have to agree with what has been said to you, but acknowledge/understand it
Prototyping
· A representation of part or all of a design concept to learn something useful
· Learning more about or better understanding a problem
· Communicating with and getting feedback from users 
· Reducing the risk associated with a particular aspect of a design (focused)
· Measuring performance of the overall functionality of the design (comprehensive) 
Traits of a Good Prototype
· Fidelity: degree to which the prototype testing represents the final product under real conditions
· Cost: total cost of designing, building and testing
· Iteration time: time from designing to when analyzed results are available to plan again
· Signal to noise ratio (SNR): extent to which the variable of interest is obscured by experimental noise
Objectives
· Reduce uncertainty 
· Plan the timing of prototype cycles 
· Early, simpler models can be used to validate initial concepts
· Relatively few comprehensive models are really necessary 
· Must plan some time to execute and then also learn from any prototyping cycles
Focused
· Implementation of one or a few attributes of the product 
· Answers specific questions about the product design
· Generally several are required
Comprehensive
· Implementation of all or many product attributes
· Offers opportunity for rigorous testing 
· Often best for milestones and integration 
Physical
· Tangible approximation of the product
· May exhibit unmodelled behaviour 
· Some behaviour may be an artifact of the approximation
· Often best for communication
Analytical
· Mathematical model of the product
· Explicitly modeled phenomena 
· Behaviour may be artifacts of the analytical method
· Often allows more experimental freedom than physical models
Testing
· Benefits
· Avoid critical problems down the line
· Ensure proper functionality
· Ensures user can figure out how to use product too
· Saves time and money
· Verifying assumptions 
· Steps
· Define the purpose of the test 
· Choose a specific design concept 
· Choose a testing method
· Perform the test
· Measure the important attributes, observe and record the results carefully
· Interpret the results and document your conclusions (review

Lecture XII: User Experience

Designing for Task Efficiency
· Factory-based production (EFFICIENT)
· Organizational Behaviour (OB)
· Micro-level and Macro-level
Designing for Users
· Ergonomics: design of products to take proper account of the interaction between them and the people who use them
User Experience
· Encompasses all aspects of the end-user’s interaction with the all to do with the product
· User perceptions
Usability
· Jakob Nielsen’s Usability heuristics 
· Visibility of system status 
· Match between system and the real world
· User control and freedom
· Error prevention
· Error recognition, diagnosis and recovery
· Consistency and standards
· Recognition versus recall
· Flexibility and efficiency
· Aesthetic and minimalist design
· Help and documentation
· Attention: ability of a person to selectively concentrate on a discrete aspect of information while ignoring other perceivable information
· Allocation of limited processing resources
· Memory: process used to encode, store and retrieve information. Information can be recorded for short period of time in working memory or for longer in long-term memory
· The more meaningful is more easily remembered
· People can more easily recognize than recall
· Structure information so that it’s easy to find and easy to browse
Usability Analysis
· Understand users: think about each class of users 
· Understand tasks the users will need to perform 
· Pick representative sets of tasks – prioritize 
· Pick representative set of users
· Determine exactly what questions need to be answered about usability
Understanding Users 
· Their experience and background
· Their personality 
· Their attributes (i.e. physical/mental disabilities etc.)
· Their interests – any trade-offs for products etc.
· Using User Personas for design 
· Create user personas – iterative process 
· Compile everything you know about the customers and group the findings
· Use relevant headings for the particular design problem
· Look for patterns in the findings 
· Form questions about the customers and users
· Determine what they have in common and how they differ
· Find real life people who fit into these clusters
· Talk to them and interact with them
· Tag and analyze your data
· Issues
· Must be based on real people or real data
· Keep simple and focused
· Make a user model, not a life story
· USE them 
· Use a simple process

Lecture XIII: Modeling/Prototyping II (Experiments for Understanding)

· Benefits of different types of modeling techniques that are used for analysing critical or risky design components to gain a better understanding of the design
· Modeling technique types:
· Analytical
· Numerical
· Experimental
· Modeling
· Physical or mathematical prototypes that simulate and analyse systems/processes
· Can reduce costs
· Increase product quality
· Document lessons learned
· Know your assumptions, conceptualizations, constraints
· Used to estimate quantitative/qualitative behaviour of a system (metrics/UX & perceptions) 
· Analytical modeling 
· Mathematical representations that yield closed form solutions
· Use when there exists a closed form solution and when that solution procedure is straightforward
· Ex: SOLIDWORKS, MATLAB etc
· Numerical modeling
· Mathematical representation that use discretization or time-stepping methods to approximate a solution or describe a behaviour over time
· Use when there is no closed form solution or if the procedure to attain the closed form solution is complicated or requires too many computational iterations
· Quick for complex calculations
· Ex: MATLAB, ANSYS etc
· Finite Element Analysis (FEA)
· Uses the concept of superposition
· Approximates complex equations using several simple equations 
· Accurate representation of complex geometries
· Includes dissimilar material properties
· Easy representation of the solution
· Captures local effects
· Can give dynamic solutions
· Be cautious with assumptions
· All numerical tools involve assumptions
· Numerical tools will often provide false confidence (ie: solutions even for faulty inputs)
· Know the proper units to use (FEA uses slugs, 1 slug = 1 32.3lbm)
· Discrete time: make sure you’re using small enough time steps
· Experimental modeling
· Physical representations that measure outputs and behaviour for specified inputs
· Use when no mathematical solutions exist or the computational solution is much too complicated
· Usually more expensive than numerical and analytical
· Ex: LabVIEW
· Modeling Fidelity
· Modeling is always used on simplified versions of the actual intended design
· Models are used to reduce financial investments and control aspects of the real situation
· “Garbage in is garbage out”
· Modeling Noise
· Noise: certain variables can’t be controlled, too many variables are being manipulated, inconsistency in independent variables
· This prevents effective and valuable learning

Lecture XIV: Effective Presentation Skills

Qualities of and Effective Presenter
· Confident 
· Knowledgeable 
· Relaxed
· Clear, concise and organized
· Believe in what they are saying
Nonverbal Communication – have cultural meanings!
· Eye contact and facial expressions
· Keep eye contact
· Avoid talking to your notes
· Don’t scan faces – focus on one face per thought
· Seek out friendly faces
· Develop appropriate facial expressions
· Hand gestures
· Show what you are saying – enhances your message
· Avoid closed hand position
· Posture and Movement
· Stand up straight
· Move with purpose
· Stop when delivering key messages
· Avoid pacing and swaying from side to side
Verbal Communication 
· Speak clearly and expressively
· Raise your volume
· Avoid filler words
· Practice pausing for extra effect
· It’s not only what you say, but how you say it
Pitch Content
· Pitch: a speech or act that attempts to persuade someone to buy or do something
· Before putting pitch together, know people’s buying drivers
· Buying driver: those things that motivate people to buy
· TIRES: Time, Income, Risk, Expense, State
Plan, Prepare, Practice, Present your talk
· Who is your audience? Why are they there? What is your goal? How long will it be? Where will it take place? What equipment/aids will you have?
· Select and order the critical points of your presentation 
· Outline the presentation 
· Include stories, examples and facts 
· Develop and include visuals
General Presentation Structure 
· Introduction 
· Introduce you and the team 
· State the problem and provide background info
· Grab people’s attention 
· Body
· Present main points in an organized manner 
· Provide “enough” supporting material
· Summary
· Review main points
· Tell the listeners what you want from them 
· Tips
· A presentation has the same general structure as that of a technical document 
· Be very clear about what you did versus what others did
· The start and end are very important
· Make sure that you include references in your presentation 
Pitch Structure 
· Say who you are, tell a short story, make them like you or your idea
· Tell them the problem as simply and as soon as you can 
· Remember that less is more – only tell them your solution with the appropriate level of detail
· Why they should buy from you – what else is out there and why are you better?
· Timeline and team 
· Tell them what you want them to do 
Selecting Visuals 
· Visuals should be relevant and appropriate
· Types 
· Your prototype 
· Images
· Graphs
· Charts
· Bulleted texts
· Keep it uncluttered
Practice!
· Practice testing in the mirror or in front of others
Answering Questions
· Anticipate questions the audience might have and prepare answers 
· Listen to each question carefully before responding 
· Repeat each question before you respond 
· Keep responses brief and don’t deviate
· Be honest: if you don’t know the answer, say so

Lecture XV: Failures and Iterative Testing 

Handling Critical Failures
· Detection: critical failures must be identified 
· Prevention: using different strategies, failures are stropped from occurring 
· Prediction: if a failure cannot be detected or prevented, then some kind of warning of imminent failure is required, allowing recovery techniques to be used
· Model and measure component reliability
· Analyze system structure and the interconnection dependencies for these components to determine the effects of component failures on the system
· Analyze the root cause for failures that already happened 
· Build prototypes of part or all of the system in question
Testing With Prototypes 
· Inadequate of missing performance level
· Improper or incorrect function
· Giving way
· Determine the required and desired level of performance for the design or portion 
· Define a test to measure what level of performance the design can achieve 
· Determine required performance attributes or features and desired functions to be verified 
· Verify functionality 
· Determine the specific extreme test conditions where failures occur 
Testing Steps
· Scientific method attempts to prove or disprove a hypothesis with some level of confidence 
· Define the testing objective and the type of prototype to be used 
· Define the level of fidelity for the model or prototype 
· Make the required assumptions and simplifications
· Define and plan the execution of the tests making the required trade-offs between the usefulness of the results and the time and money required for the testing
· Execute the tests
· Observe and record results
· Watch out for systematic errors and experimenter bias
· Investigate all surprise results and determine the cause and whether this is a modeling artifact or not
· Analyze and interpret all recorded results
· Watch out for numerical round-off errors, faulty assumptions or improper extrapolation or interpolation 
· Consider the use of data analytics and determine if it is possible to access other sources of test data for comparison purposes
Iterative Prototype Testing 
· When testing iteratively, the following can be varied
· Prototype
· Test
· Test conditions 
· Different combinations of variations are possible 
· Same prototype under different test conditions 
· Same prototype under same conditions multiple times 
· Same conditions and same tests with different instances of the same prototype to measure or compare performance variation 
· The following should be determined
· How many different prototypes are required
· What different test cases are required (plan and prioritize)
· How many instances of each prototype are required
· What test conditions are varied or kept constant with each iteration and how representative are these test conditions 
Uncertainty and Risk
· Not all failures can be determined and not all failures are understood or predictable 
· Conditional types of analysis can help cover cases when things do not turn out exactly as expected or when things are not understood well enough yet 
Adding Design Margin
· One solution is to improve the design significantly so that failures in the level of performance, failures in functionality or stress-related failures are less likely 
Failure Mode and Effects Analysis (FMEA)
· For each design component
· Identify failure modes
· Determine the possible effects or consequences of the failure
· Assess potential severity of the effect 
· Identify failure causes and take action
· Estimate probability of occurrence 
· Assess likelihood of failure detection
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