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Design and Prototyping 
Recall the simple HCI lifecycle model: 
 

 

Design: ideas 
Build an interactive version: prototypes to evaluate ideas 
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Conceptual Design 
About transforming requirements into a conceptual model 
 

It is fundamental but difficult to grasp the idea, e.g., 
conceptual models take many different forms 
 

A conceptual model is an outline of what people can do with 
a product (obtained from the current functional requirements) 
and what concepts are needed to understand and interact 
with it (related to who the user will be, what kind of interface 
will be used, etc.) 
 

Alternatives are needed 
 

Guiding principles of conceptual design: 
 Keep an open mind but never forget the users and context 
 Discuss ideas with other stakeholders as much as possible 
 Use prototyping to get rapid feedback 
 Iterate, iterate and iterate 
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Conceptual Design 
3 perspectives to develop the conceptual model: 
 

1. Which interaction type? 
 

 Type refers to how the user invokes actions when 
interacting with the system (may not be mutually exclusive) 
 

Instructing: user gives instructions to the system to 
perform his task such as typing in commands, selecting 
options from menus in windows environment, voice control 
commands, gesturing 
 

Conversing: user has a dialog with the system via speaking 
or typing in questions to which the system replies via 
speech or text output such as ticket booking, e-banking 
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Conceptual Design 
Manipulating: user interacts with objects in a virtual or 
physical space by manipulating (e.g., moving, placing) 
them such as moving a file by dragging its icon, and 
zooming in an image using fingers 
 

Exploring: user moves through a virtual environment or a 
physical space by exploiting his knowledge of how he 
moves and navigates through existing spaces such as 
exploring the virtual 3D environment of the interior of a 
building, and in a physical space embedded sensors, user 
is provided with useful information at a particular time  
 

 Can be obtained through requirements activity 
 

 Suggest interface types, e.g., fill-in form or speech 
recognition for search engines, WIMP or command line for 
file printing 
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Conceptual Design 
 

2. Any metaphor? 
 

 Help people become familiar with a new system by 
relating it with real-world activity ⇒ ↑ initial familiarity 
 

e.g., typewriter was metaphor for word processor: when 
users saw the keyboard on a computer, they assumed 
that it behaved similarly to the typewriter’s keyboard 
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Conceptual Design 
 

e.g., actions of copying, cutting & pasting were well 
known before computers were invented 

 

 Way to relate a difficult or more abstract concept to a 
familiar one 

 

e.g., open file    ,save file  
 

 Disadvantage: metaphor may not be widely known or 
correctly understood 
 

e.g.,  

    
 
= find a file?  
= zoom a document? 
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Conceptual Design 
 

 

 Three steps are involved: understand functionality, 
identify potential problem areas, generate metaphors 
 

 To evaluate metaphors, we can ask: 
 

 How much structure does it provide? A good metaphor 
will provide structure, and preferably familiar structure 
 

 How much is relevant to the problem? 
 

 Is it easy to represent? A good metaphor will be 
associated with particular visual, audio elements and/or 
words 
 

 Will users understand it? 
 

 How extensible is it? Does it have extra aspects that may 
be useful later on? 
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Conceptual Design 
 

Example: Metaphor for an eBook Shelf 

 
It provides the familiar structure of a physical book shelf 

 

Details of book covers are shown and user may know that 
covers are relevant to the available books 

 

It is easy to associate books with the book covers 
 

It is believed that users can easily understand it 
 

It is easily extended to multiple book shelfs 
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Conceptual Design 
 
 

3. Any interaction paradigm? 
 

 Way of thinking about interaction design based on 
technology advances and creativity 

 

 Not well-defined 
 

Examples of paradigms: 
 

 Time-sharing 
 

 1940s-1950s: explosive technological growth 
 

 1960s: need to channel computing power 
 

⇒ single computer that supports multiple users 
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Conceptual Design 
 Window systems & WIMP interface 

 

 Motivation: human can pursue more than one task at 
time 

 

 Windows are used for dialogue partitioning & to “change 
the topic” 

 

 1981: Xerox introduced the first commercial window 
system 

 

 Windows, icons, menus & pointers are now familiar 
interaction mechanisms 

 
 
 
 



H. C. So                                                                                 Page 12                    Semester B 2018-2019 

Conceptual Design 
 Multi-modality 
 

 Rely on the uses of multiple human communication 
channels, e.g., visual, touch, speech 

 

 Each different channel for the user is referred to as a 
modality of interaction 

 

 Simple multi-modal systems: 
 

 Visual + touch  
e.g., editing using a computer 
 

 Speech + touch 
e.g., telephone banking, systems for visually impaired  

 
 

 Complex multi-modal systems: 
 

 Extract & combine meaningful multimodal information 
from multiple, rich, multidimensional inputs 
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Conceptual Design 
 Example : QuickSet 

  
 Input modes: pen, speech, hand-held PC 
 Unimodal (speech) 

“Attack the chemical plant at the base of the hill, to 
the west side of the lake, with missiles” 

 Multimodal (speech + pen) 
[circles killzone] “missiles strike here” 
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Conceptual Design 
New paradigms include  
 
 

 Ubiquitous computing (“ubicomp”): 
 

 Technology is embedded in the environment:  when using 
the system, we are not aware that it is computer 

 

 Computers would be designed to be embedded in the 
environment 

 

 People should be able to access and interact with 
information any place and any time 

 
 

 It will radically change the way people think about and 
interact with computers 

 

 Major rethink of what HCI is in this context 
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Conceptual Design 
Example: iPot 

 

Thermal 
pot with 
monitoring 
function by 
NTT 
DoCoMo & 
Panasonic 
(Hong 
Kong 
Economics 
Times, Jan. 
03) 

  



H. C. So                                                                                 Page 16                    Semester B 2018-2019 

Conceptual Design 
Example: Interactive Mirror 

 
Display time, weather, 
heart rate, weight, etc. 

 
Cartoon to guide teeth brushing 
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Conceptual Design 
Example: Smart Window 

 
With AR technology, information such as weather will be 
provided 
https://unwire.hk/2018/10/03/ar-windshield/life-tech/auto/ 

https://unwire.hk/2018/10/03/ar-windshield/life-tech/auto/
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Conceptual Design 
Example: Smart Windshield 

 
With AR technology, better navigation, traffic information, 
and even advertisement will be provided in 2020 
https://www.youtube.com/watch?v=2bcvvjai5EM 

https://www.youtube.com/watch?v=2bcvvjai5EM
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Conceptual Design 
Example: Interactive Poster 

 
Passersby can conduct the ensemble via their mobile phone 
in Budapest Festival Orchestra 
https://www.springwise.com/interactive-poster-lets-
passersby-conduct-orchestra/ 

https://www.springwise.com/interactive-poster-lets-passersby-conduct-orchestra/
https://www.springwise.com/interactive-poster-lets-passersby-conduct-orchestra/
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Conceptual Design 
Example: Smart Bed 

 
More than a bed:  
 Sense user movements and then automatically adjust 

firmness, comfort and support to keep him sleeping 
blissfully 
 Gently raise user head when mild snoring is detected 
 Track how well the user sleeps each night 

 

https://www.sleepnumber.com/ 

https://www.sleepnumber.com/
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Conceptual Design 
Example: Smart Fridge 

 
It will calculate the freshness of food and automatically 
create a shopping list when we’re missing or are low on 
essential items. It will even be able to order these items 
automatically. It will suggest recipes based on ingredients in 
the fridge and help us maintain our diets 
https://uxmag.com/articles/the-internet-of-things-and-the-mythical-smart-fridge 

https://uxmag.com/articles/the-internet-of-things-and-the-mythical-smart-fridge
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Conceptual Design 
New thinking/consideration in ubicomp: 
 
 How to enable people to access and interact with 

information in their work, social, and everyday lives 
 

 How to design user experiences for people using 
interfaces that are part of the environment with no 
obvious controlling devices 

 

 How and in what form to provide contextually-relevant 
information to people at appropriate times and places 

 

 How to ensure that information, that is passed around via 
interconnected displays, devices, and objects, is secure 
and trustworthy 
 



H. C. So                                                                                 Page 23                    Semester B 2018-2019 

Conceptual Design 
 Wearable computing: 

 

 Follow-on ubiquitous computing 
 

 Embed technologies on people’s clothing such as 
glasses, jackets, watches, etc. 

 

Fitbit Surge: Watch + 
GPS Tracking + body 
(e.g., activities, heart 
rate, sleep) monitoring 
 
 
  

https://www.fitbit.com/us/surge 
 

https://www.fitbit.com/us/surge
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Conceptual Design 

 
 

PoloTech Smart Shirt by Ralph Lauren can measure heart 
rate, breathing rate and calorie expenditure 
http://robbreport.com/pmc-lst-gallery-item/ralph-lauren-polotech-smart-shirt/ 

http://robbreport.com/pmc-lst-gallery-item/ralph-lauren-polotech-smart-shirt/
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Conceptual Design 
 

 

 

Purple is more than a necklace - It connects wirelessly to 
your social networks and receives images and messages 
from friends and family 
https://www.artefactgroup.com/work/purple-a-wearable-locket-for-the-21st-century 

https://www.artefactgroup.com/work/purple-a-wearable-locket-for-the-21st-century
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Conceptual Design 
 Attentive environments computing:  
 

 System “estimates” the user needs without user’s 
instructions or controls 

 

 Computer interfaces that can respond to user’s 
expressions, gestures, etc. 

 

Smart telephone 
which helps us 
to receive a call 
or not 
(Hong Kong 
Economics 
Times, Sept. 03) 
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Conceptual Design 
 

 

Future car which has different 
expressions according to driver’s 
emotion 
(Hong Kong Economics Times, July 
04) 
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Conceptual Design 
 

 

 

IBM robot, Pong, demonstrates how robots can be used to 
gauge and evaluate human interest in products in a store 
environment. Pong consists of a vision system that can track 
visitor movement and software capable of interpreting visual 
focus and recognition of facial gestures 
http://www.carnegiesciencecenter.org/exhibits/roboworld-meet-robots-pong/ 

http://www.carnegiesciencecenter.org/exhibits/roboworld-meet-robots-pong/


H. C. So                                                                                 Page 29                    Semester B 2018-2019 

Conceptual Design 
Can be expanded further: 
 

 What functions will the product perform?  
 

 How the task is divided between user and system? What 
will the product do? What will the human do?  

 
 How are the functions related to each other?  
 

 Procedure in doing the task, e.g., sequential or parallel? 
 

 Can different tasks be grouped as a categorization, e.g., 
cut, copy, paste 

 
 What information needs to be available? 

 

 What data are required to perform the task?  
 

 How are the data to be transformed by the system? e.g., 
display the data using a graph or list of numbers 
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Concrete Design 
Consider more concrete, detailed issues of the design: 
 

 How information is presented and interacted in the 
interface? e.g., fill-in forms, command line 

 

 Combination of media? e.g., sound and animations 
 

 What kind of feedback? e.g., voice, colour change 
 

 What combinations of input and output devices? e.g., 
speech, keyboard+mouse, handwriting recognition 

 

 Controlled by software or hardware? e.g., use WIMP to 
start scanning or use a button on scanner to do so 

 

 Whether to provide agents and in what format? 
 

 How to design menu, icon, screen and display information? 
 

 Iterations are required between concrete and conceptual 
design 



H. C. So                                                                                 Page 31                    Semester B 2018-2019 

Concrete Design 
Shneiderman’s eight golden rules: 
 

 Strive for consistency: e.g., consistency in layout, font 
 

 Enable frequent users to use shortcuts: e.g., “Ctrl+S” is 
faster than using WIMP to save 

 

 Offer informative feedback 
 

 Acknowledge task completion: make it clear when an 
action has been successfully completed, e.g., “printing 
completed” 

 

 Offer error prevention and simple error handling 
 

 Permit easy reversal of action, e.g., provide “undo” 
 

 Support control principle of usability: users feel more 
comfortable if they feel in control of the interaction 

 

 Reduce short-term memory load: e.g., use recognition 
instead of recall 
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Concrete Design 
A number of design rules, guidelines, principles exist, e.g., 
 

 D.Mayhew, Principles and Guidelines in Software User 
Interface Design: Design of interface types: menu, fill-in 
forms, etc. 

 

 D.D.McCracken and R.H.Wolfe, User-Centered Website 
Development: A Human-Computer Interaction Approach: 
Web design 

 

 S.Weinschenk and D.T.Barker, Designing Effective Speech 
Interfaces: Speech interface design 

 

Standards also help:  
 

 Set by national or international bodies to ensure 
compliance by a large community of designers 

 

 High authority and low level of detail 
e.g., ISO 14915: user interface of multimedia applications 
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Concrete Design 
Scenarios can help: 
 

 Express proposed or imagined situations  
 Used throughout design in various ways 
 As a basis for overall design (e.g., storyboard creation) 
 Scripts for user evaluation of prototypes 
 Concrete examples of tasks 
 For technical implementation 
 As a means of co-operation within design teams 
 As a means of co-operation across professional 

boundaries, i.e., basis of communication in a 
multidisciplinary team 

 Plus (most positive consequences of a particular design 
solution) and minus (most negative consequences) 
scenarios to explore extreme cases, e.g.,  
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Concrete Design 
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Concrete Design 
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Design Rationale 
A technical term for the documentation used in choosing 
among alternative designs 

 

⇒ Assist in understanding the design of the system 
 

 Benefits 
 

 Communication among design team members 
throughout life cycle 

 

 Reuse of design knowledge across products (e.g., WORD 
→ PowerPoint) 

 

 Enforce design discipline (the designer should deliberate 
more carefully) 

 

 Present arguments for design trade-offs 
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Design Rationale 
A common approach: Design Space Analysis 
 

 Notation: Questions, Options, Criteria (QOC) 
 

 Questions (& sub-questions) represent major issues of a 
design - key issues in design 

 

 Options provide alternative solutions to the question - 
possible design decisions 

 

 Criteria are the means of assessing the various options 
in order to make a choice - bases for choosing between 
options 

 

 Design space includes all possible options, including those 
rejected 

 

 Structure-oriented 
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Design Rationale 
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Design Rationale 
 Example: Question: Which queuing-up system should be 

used? option #1 : central queuing  
        option #2 : parallel queuing 

 

checkout
counter

checkout
counter

checkout
counter

checkout
counter

checkout
counter

checkout
counter

checkout
counter

checkout
counter

queue

queue

queue

queue

queue

central queuing

parallel queuing  

What are the possible criteria? 
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Design Rationale 
Possible criteria are: 
 C1: Maximize checkout counter efficiency 
 C2: Customer freedom of choices 
 C3: Minimize average queuing-up time 
 C4: Minimize queuing space 

which
queuing-up
system?

central
queuing

parallel
queuing

C1

C2

C3

C4  
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Design Rationale 
 Effective design space analysis can be achieved from 

 

 Raising the right questions 
 Deciding the correct criteria to judge the options 
 Initial questions raised must be sufficiently general that 

they cover a large enough portion of the possible design 
space but specific enough that a range of options can be 
clearly identified 

 Hints for doing QOC: 
 Options:  - Use criteria to generate options 

- Consider extreme, distinctive or novel 
options 

- Look for novel combinations of options 
 Criteria:  - Design a set of criteria 

- Represent positive and negative criteria 
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Design Rationale 
 Good practice for questions: 

 
 Does question compare at least two alternatives? 

 

Q: Shall we use colour to attract attention?
O: Yes

O: No

Q: How should attention be attracted?
O: By  colour
O:By flashing  
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Design Rationale 
 

 Does question focus on a single issue? 

Q: What should alarm look like?
O: Red
O: Large
O: Flashing

Q: What colour should alarm light
O: Red
O: Blue
O: Yellow

Q: What size should alarm light O: Large

O: Small  
 

 Questions can be at different levels: 
e.g., What color should the alarm lights be?  
e.g., How should attention be attracted? (more abstract) 
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Design Rationale 
 Good practice for options: 

 

 Are options at the same level of abstraction? 
 

 

Q: How to select a 

     function? 

O: Typing 
O: WIMP 
O: Select graphical button 

Q: How to select a 

     function? 
O: Typing 
O: WIMP 

Q: What WIMP? O: Button 

O: Menu  
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Design Rationale 

 Good practice for criteria: 
 

 Are criteria useful for assessing & comparing 
appropriate features of options? 

LCD
position?

landscape

portrait Film 
Entertainment

Power Point 
Presentation

LCD
position?

landscape

portrait Word 
Processing

Power Point 
Presentation
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Prototyping 
What is prototype? 
 

In other design fields it is a small-scale model, e.g.: 
 

Architecture: a miniature building or town 
Electronics:  a workable electronic board 
 

Increasing use in design due to the advent of 3D printing: 
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Prototyping 
In HCI, prototype is used to simulate or animate (some) 
features of the intended system during design process 
 

A physical representation of conceptual/concrete design, 
e.g. 
 

 a series of screen sketches 
 a storyboard, i.e., a cartoon-like series of scenes 
 a cardboard mock-up  
 a piece of wood (e.g., PalmPilot) 
 a piece of software with limited functionality written in the 

target language or in another language 
 a video simulating the use of a system 
 a Powerpoint slide show 
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Prototyping 
Why prototype? 
 

 Evaluation and feedback are central to interaction design 
 

 Stakeholders can see, hold, interact with a prototype 
more easily than a document or a drawing 

 

 Effective communication device among team members 
 

 Effective way to test designer’s ideas (e.g., feasibility) 
 

 Prototypes answer questions, and support designers in 
choosing between alternatives 

 

 Implementation is expensive, if no prototyping 
⇒ any design errors are built in to the first 

implementation you can test, and it is expensive to 
make changes 

⇒ design errors may be left in the final product 
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Prototyping 
Benefits of prototyping: 
 

 Improve the chances of creating a usable product, since 
mistakes and omissions are flushed out early in the 
development process, not after implementation 

 

 Users are good at criticizing an existing system; they are 
much less able to imagine how specifications would 
translate into a product 

 

 Prototyping brings the users into the process at a much 
earlier stage 

 

 Higher user satisfaction and acceptance on the developed 
interactive products 

 

Recognized ~30 years ago: Maryam Alavi, “An Assessment 
of the Prototyping Approach to Information Systems 
Development,” Communications of the ACM, June 1984 
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Prototyping 
Lim, Stolterman and Tenenburg (2008) focus on filtering 
and manifestation, i.e., emphasize specific aspects of a 
product being explored by prototype, and help designers to 
develop their ideas through external representations 
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Prototyping 
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Prototyping 
What to prototyping? 
 

 Technical issues (e.g., capture video using a watch) 
 

 Work flow, task design (e.g., procedure of taking a photo 
using a digital camera) 

 

 Screen layouts and information display (e.g., layout of a 
Web) 

 

 Difficult, controversial, critical areas, e.g., control types 
on portable media player (PMP)? 
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Prototyping 
Low-fidelity prototyping:  
 

 Not look very much like the final product 
 

 Use a medium which is unlike the final medium, e.g. 
paper, cardboard, etc. 

 

 Quick, cheap and easily changed 
 

 Can be sketches of screens, storyboards, etc. 
 
High-fidelity prototyping: 
 

 Use materials that expect to be in the final product 
 Look much more like final system than low fidelity version 
 High-fidelity prototypes can be developed by integrating 

existing hardware and software components 
 Danger that users think they have a complete system 
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Prototyping 
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Prototyping 
Can be classified into 2 types: 
 

 Evolutionary: the prototype eventually becomes the 
product 

 

 Revolutionary or throwaway: the prototype is used to get 
the specifications right, then discarded 

 
Can also be classified into: 
 

 Horizontal prototype: provide a wide range of functions, 
but with little detail 

 

 Vertical prototype: provide a lot of detail for only a few 
functions 

 

⇒ Compromises are needed in prototyping 
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Prototyping 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



H. C. So                                                                                 Page 57                    Semester B 2018-2019 

Prototyping 
Horizontal prototype: broad but only top-level 
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Prototyping 
Vertical prototype: deep, but only some functions 
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Prototyping Techniques 
Storyboards – a graphical representation of outward 
appearance of intended system, without any accompanying 
system functionality 
 
 Often used with scenarios, bringing more detail, and a 

chance to role play 
 
 Low-fidelity prototyping and used early in design 
 
 A series of sketches showing how a user might progress 

through a task using the device being developed. Sketching 
is important to low-fidelity prototyping 

 
 Drawing ability is not the concern. On the other hand, 

practicing simple symbols is needed: 
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Prototyping Techniques 
 

 

 
 In fact, there are many tools to polish our drawings, e.g.,  

https://www.autodraw.com/ 

https://www.autodraw.com/
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Prototyping Techniques 
 

 e.g., a storyboard depicting how to fill a car with gas 
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Prototyping Techniques 
 

Card-based  
 Index cards (3 X 5 inches)  
 Each card represents one screen or part of screen 
 Often used in website development 
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Prototyping Techniques 
Paper – also important to low-fidelity prototyping 

Menu bar 
 Web: 

 
 
 
 

Opening 
contents 

Scroll 
bar 
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Prototyping Techniques 
Ashford Charleus, Shahana Dewan, Khairul Kabir, Libai Qu 
(Computer Science, Spring 2003, City College of New York) 
 
 
First level: 
 
 
Pulldown 
menu  
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Prototyping Techniques 
Second level: 
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Prototyping Techniques 
Another second level: 
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Prototyping Techniques 
After prototyping and user testing, this is what their home 
page looked like: 
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Prototyping Techniques 
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Prototyping Techniques 
Wizard-of-Oz 

 

 Another example of low-fidelity prototyping 
 The user thinks they are interacting with a computer, but a 

developer is responding to output rather than the system 
 Usually done early in design to understand users’ 

expectations 
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Prototyping Techniques 
Limited functionality simulations – simulate part of system 
functionality provided by designers 

 

 An example of high-fidelity prototyping 
 

 Useful for selling ideas to people and for testing out 
technical issues 

 

e.g., use Visual Basic to produce a DVD panel on screen; 
allow people to press mouse button to “experience” its 
functions 
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Physical Computing – Build and code prototypes using 
electronics 

 

 Toolkits available include Arduino, Senseboard, and MaKey 
MaKey, which are designed for use by wide range of people 

 

Arduino toolkit consists of: 
 Arduino board which is a 

piece of hardware that is used 
to build objects 
 Arduino IDE which is a piece 

of software that makes it 
easy to program and upload a 
sketch to the board 
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Prototyping Techniques 
Software Development Kit (SDK) – Package of 
programming tools and components that supports 
development of applications for a specific platform, e.g., 
iOS, Android, Windows 

 

 Include IDE, documentation, drivers, sample code, 
application programming interfaces (APIs) 
 
 Make development much easier 
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