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Assignments

IA08 Android II.
–Matt grading this week
– Skimmed over submissions, things look good!

Midterm Exam
–Matt grading this week (higher priority than IA08)

TA05 Interactive Prototype: Due 4/19
– Today, github repo created. All team members have tried ‘git

push’ either on real code or dummy file. I suggest using github
desktop.

– In class on 4/19, will conduct a demo+critique session with a 
paired team

– By EOD 4/19, submit a two-page report

Use the Calendar feature in Canvas to see all upcoming assignments and deadlines



TA05 Interactive Prototype v1 + Critique
Implement (at least) two tasks. One on mobile. One on web. 
Keep code on github. Perform design critique. Submit two-
page report + appendix with screenshots.

TA06 Interactive Prototype v2 + User Testing
Implement remaining two tasks. Iterate. Run user tests. Submit 
report of findings + appendix with screenshots

TA07 Interactive Prototype v3 + Video
Implement changes based on testing. Polish. Make video. Show 
video during final exam. Best prototype and videos will be 
selected and highlighted on webpage.



Mental Models



Source: Moggridge, Designing Interactions, 2006

Cordell Ratzlaff
Managed Apple’s Human Interface Group from Mac OS 8 to OS X

Now Creative Director at Frog Design

Mental Model Example
Apple Trash Can Interaction



[Carey, Cognitive Science and Science Education, 1986]

SusanCarey
Harvard Professor in Psychology

A mental model represents a person’s thought 

process for how something works (i.e., a 

person’s understanding of the surrounding 

world). Mental models are based on incomplete 

facts, past experiences, and even intuitive 

perceptions. They help shape actions and 

behavior, influence what people pay attention to 

in complicated situations, and define how people 

approach and solve problems.
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[Carey, Cognitive Science and Science Education, 1986]

SusanCarey
Harvard Professor in Psychology

A mental model represents a person’s thought 

process for how something works (i.e., a 

person’s understanding of the surrounding 

world). Mental models are based on 

incomplete facts, past experiences, and even 

intuitive perceptions. They help shape actions 

and behavior, influence what people pay 

attention to in complicated situations, and define 

how people approach and solve problems.



You

Imagine that you’ve never seen an iPad. I hand you one and tell 

you that you can read books with it.

You “automatically” start 

building a mental model 

about how the book will look 

and act on the screen—things 

like turning a page, or 

inserting a bookmark

This mental model will be 

influenced by, for example, 

your experience with 

touchscreens or other ebook

readers.

[Weinschenk, The Secret to Designing an Intuitive UX : Match the Mental Model to the Conceptual Model, UX Magazine, 2010]



You

This mental model will change 

as you interact with the iPad and 

read a few books.

[Weinschenk, The Secret to Designing an Intuitive UX : Match the Mental Model to the Conceptual Model, UX Magazine, 2010]

Imagine that you’ve never seen an iPad. I hand you one and tell 

you that you can read books with it.



What if you knew the iPad first? 



A Magazine is an iPad That Does Not Work, http://youtu.be/aXV-yaFmQNk



OK, so users have mental models, not a big surprise...

Designers also have mental models both for how their design 

should operate and how users might perceive their design!



OK, so users have mental models, not a big surprise...

Designers also have mental models both for how their design 

should operate and how users might perceive their design!

The best way to close the 
gap is through applying 

sound principles of IxD

and by prototyping & 

iterating via user testing
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Source: Norman, The Design of Everyday Things, 1988
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System 

Image
The system image results from the 
physical structure that has been 
built (including documentation, 
instructions, and labels)

Source: Norman, The Design of Everyday Things, 1988

Conceptual Model



Source: Norman, The Design of Everyday Things, 1988

Conceptual Model

The designer expects the user’s 
model to be identical to the 
design model. It rarely is!

The designer communicates to 
the user through the design. 

If the system image does not 
make the design model clear 
and consistent, the user will end 
up with the wrong mental 
model!

Designer

Design 

Model

System

System 

Image

User

User’s

Model



Mental Model Example 2
Thermostats

Example from The Design of Everyday Things by Don Norman; Original study Kempton, 1986

On a cold day, you decide to turn up your thermostat. 
Write down what happens to your furnace?



Mental Model Example 2
Thermostats

Example from The Design of Everyday Things by Don Norman; Original study Kempton, 1986

What would happen if you turned your thermostat all the way up? 
Would your home heat faster? Again, write down your answer.



Mental Model Example 2
Thermostats

Example from The Design of Everyday Things by Don Norman; Original study Kempton, 1986

If you think that the room (or 
furnace) will heat faster if the 
thermostat is turned all the way to 
the maximum setting, you are 
wrong. You have an incorrect 
mental model of thermostats.

What would happen if you turned your thermostat all 
the way up? Would your home heat faster?
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Thermostats

Example from The Design of Everyday Things by Don Norman; Original study Kempton, 1986

If you think that the room (or 
furnace) will heat faster if the 
thermostat is turned all the way to 
the maximum setting, you are 
wrong. You have an incorrect 
mental model of thermostats.

What would happen if you turned your thermostat all 
the way up? Would your home heat faster?



Mental Model Example 2

Model 1: Timer Theory

The thermostat controls the relative 

proportion of time the furnace stays 

on. Set the thermostat midway, and 

the furnace will be on half-the-time. 

Set it all the way, and the furnace is 

on all the time.

Model 2: Valve Theory

The thermostat controls how much 

heat comes out of the furnace (sort 

of like a faucet). If you turn the 

thermostat all the way up, you get 

full force furnace.

Two prominent mental models of how thermostats work

Example from The Design of Everyday Things by Don Norman; Original study Kempton, 1986

Which theory is correct? 
Where did these theories come from?



Mental Model Example 2

Model 3: On/Off Switch
Thermostat is simply an on/off switch. It 
treats the furnace as all-or-nothing 
devices that can be either fully on or 
fully off, with no in-between.

When desired temperature is reached, 
thermostat turns off furnace. Process 
repeats.

Importantly, setting the furnace to one 
extreme does not affect how long it 
takes to reach the desired temperature.

Correct mental model

Example from The Design of Everyday Things by Don Norman; Original study Kempton, 1986



Mental Model Example 2

Does this gap between mental 

model and actual operation 

matter in this case? 

As an interaction designer, how 

would you fix this?

Sketch your ideas.

Example from The Design of Everyday Things by Don Norman; Original study Kempton, 1986



Online help and documentation are useful but shouldn’t be necessary

Source: slide derived from Prof. Bjoern Hartmann

Interfaces Must Communicate Model



To help concretize “conceptual models,” Norman offers a 

series of Critical Design examples. 



Critical design uses designed artifacts as an embodied 

critique or commentary on consumer culture. 

http://en.wikipedia.org/wiki/Critical_design



Critical design uses designed artifacts as an embodied 

critique or commentary on consumer culture. A critical 

design will often challenge its audience's preconceptions 

and expectations thereby provoking new ways of thinking 

about the object, its use, and the surrounding environment. 

http://en.wikipedia.org/wiki/Critical_design



Critical design uses designed artifacts as an embodied 

critique or commentary on consumer culture. A critical 

design will often challenge its audience's preconceptions 

and expectations thereby provoking new ways of thinking 

about the object, its use, and the surrounding environment. 

Critical Designers generally believe design that provokes, 

inspires, makes us think, and questions fundamental 

assumptions can make a valuable contribution to debates 

about the role technology plays in everyday life.

http://en.wikipedia.org/wiki/Critical_design



Please pour me some hot tea.

[Example from The Design of Everyday Things by Don Norman]

Carelman’s “Coffeepot for Masochists”



Let’s go for a bike ride.

[Example from The Design of Everyday Things by Don Norman]

Carelman’s “Convergent Bicycle (Model for Fiancés)”



Let’s go for a bike ride.

[Example from The Design of Everyday Things by Don Norman]

Carelman’s “Convergent Bicycle (Model for Fiancés)”

Why not?



Let’s go for a bike ride.

[Example from The Design of Everyday Things by Don Norman]

Carelman’s “Convergent Bicycle (Model for Fiancés)”

Why not?

“You know it won’t work because you form a conceptual 

model of the device and mentally simulate its operation. 

You can do the simulation because the parts are visible 

and the implications are clear.” 

–Don Norman



A good conceptual model allows us 

to predict the effects of our actions.



Forming a mental 

model comes from, in 

part: affordances, 

constraints, & 

mappings



Affordances, Constraints, Mappings

Holes afford putting something 
through them. Obvious 
something=fingers!

Size of holes constrain size 
and number of fingers

Mapping between finger, 
holes, and blade is 
constrained by design

[Example from The Design of Everyday Things by Don Norman]



Affordances, Constraints, Mappings

Size of steering wheel 
& rubber grips affords
grasping

Steering wheel mount 
constrains motion to one-
dimension: left or right.

Direct mapping
between steering 
motion and wheel/car 
direction



Affordances, Constraints, Mappings

Size of steering wheel 
& rubber grips affords
grasping

Steering wheel mount 
constrains motion to 
two dimensions: (i) left 
and right and (ii) up 
and down.

Direct mapping for 
left/right control, how 
about for up/down?



How do you set the time?

It’s difficult to tell. There is no evident relationship between the operating 

controls and the functions, no constraints, no apparent mappings.

[Example from The Design of Everyday Things by Don Norman]



Don Norman's Design Principles

Visibility: Can I see what to use?

Affordance: How do I use it? 

Feedback: What is it doing now? 

Mapping: How does it relate?

Constraint: I can do this, but I can’t do that.

Consistency: Have I seen this before?

1

2

3

4

5

6



Don Norman's Design Principles

Visibility: Can I see what to use?1



Visibility: Make controls visible1



Visibility1



Visibility1



Visibility1



Visibility1



Visibility1



Visibility1



Poor visibility (BMW’s iDrive)

Visibility1



How do you put someone on hold?

Poor visibility
Visibility1



How do you set the alarm?

Poor visibility
Visibility1



Visibility1



Primary controls are visible

But how to set a radio station preset?

Visibility1



6 remote controls for “modest” home theater

Too much visibility?

Visibility1



Visibility1

Reducing visibility 

can help increase 

usability.

80/20 rule. 20% of 

functions get used 

80% of time.



Don Norman's Design Principles

Visibility: Can I see what to use?

Affordance: How do I use it? 

1

2





Which door do I push? 

Which door do I pull?

Affordance2



Which door do I push? 

Which door do I pull?

Affordance2



pull push

Which door do I push? 

Which door do I pull?

Affordance2



pull push

Which door do I push? 

Which door do I pull?

The vertical handle 
affords grasping 
and pulling

The flat, ribbed 
horizontal bar has the 
obvious perceived 
affordance of pushing



pull push

“Affordances determine what actions are possible. Signifiers

communicate where the action should take place.” p. 14

The vertical handle 
affords grasping 
and pulling

The flat, ribbed 
horizontal bar has the 
obvious perceived 
affordance of pushing



Which door do I push? 

Which door do I pull?

Affordance2





Norman door!



"… the term affordance refers to the 

perceived and actual properties of the 

thing, primarily those fundamental 

properties that determine just how the 

thing could possibly be used."

The Design of Everyday Things

Don Norman

vertical 
handle 
cues pull 
behavior

Use affordances as perceptual cues

Affordance2



The Design of Everyday Things

Don Norman

Use affordances as perceptual cues

Affordance2

Some affordances are obvious 
• Knobs afford turning

• Buttons afford pushing

• Glass can be seen through

Some affordances are learned
• Glass breaks easily



Direct perception of possibilities for action. 

Concept of Affordances

Victor Kaptelinin
HCI Professor

Chapter 44, Affordances and Design,  Interaction Design

Source: https://www.interaction-design.org/encyclopedia/affordances_and_design.html

























Source: https://www.interaction-design.org/encyclopedia/affordances_and_design.html



Source: https://www.interaction-design.org/encyclopedia/affordances_and_design.html



Source: https://www.interaction-design.org/encyclopedia/affordances_and_design.html



An affordance is a relationship between the properties of an 

object and the capabilities of the agent that determines just 

how the object could possible be used... 

Don Norman
Highly regarded designer/author

Design of Everyday Things, Revised 2013, p. 10-14

Affordance



An affordance is a relationship between the properties of an 

object and the capabilities of the agent that determines just 
how the object could possible be used

Object Agent



An affordance is a relationship between the properties of an 

object and the capabilities of the agent that determines just 

how the object could possible be used... 

Affordance

Don Norman
Highly regarded designer/author

Design of Everyday Things, Revised 2013, p. 10-14



An affordance is a relationship between the properties of an 

object and the capabilities of the agent that determines just 

how the object could possible be used... Visible affordances 

provide strong clues to the operation of things. A flat plate 

mounted on a door affords pushing. Knobs afford turning, 

pushing, and pulling. Slots are for inserting things. Balls are for 

throwing or bouncing. 

Don Norman
Highly regarded designer/author

http://www.jnd.org/dn.mss/affordances_and.html

Affordance



An affordance is a relationship between the properties of an 

object and the capabilities of the agent that determines just 

how the object could possible be used... Visible affordances 

provide strong clues to the operation of things. A flat plate 

mounted on a door affords pushing. Knobs afford turning, 

pushing, and pulling. Slots are for inserting things. Balls are for 

throwing or bouncing. Perceived affordances help people 

figure out what actions are possible without the need for 

labels or instructions. I call the signaling component of 

affordances signifiers.

Affordance

Don Norman
Highly regarded designer/author

Design of Everyday Things, Revised 2013, p. 10-14



Affordances…

Suggest how to use the object

Can be dependent on experience, 

knowledge, culture, e.g.:

– switches (US down=off, UK down=on)

– red = danger, green = go

Can make an action easy/difficult

May be perceived without actually existing

Affordance2



There is no obvious perceptual affordance for 

indicating where and how to resize a window, so 

a signifier is used.



There is no obvious perceptual affordance for 

indicating where and how to resize a window, so 

a signifier is used.

It’s not always used



[Star Trek IV: The Voyage Home, 1986, directed by Leonard Nimoy]

Affordance2



The designer controls perceived affordances in UI design

Affordance2



What are the affordance of these graphical objects?

[From Bjoern Hartmann, Prof. at UC-Berkeley]

Affordance2



How about these?

[From Bjoern Hartmann, Prof. at UC-Berkeley]

Affordance2



I’m a button!

I’m a button!

I’m a button!

I’m a button

I’m a button

I’m a button
Graphic design emphasizes affordances

Helps user recognize objects as buttons

Affordance2



What does a click on the left pane do?

Affordance2



What does a click on the left pane do?

Affordance2



What are the scrollbar affordances?

[From Bjoern Hartmann, Prof. at UC-Berkeley]

Affordance2



[http://www.youtube.com/watch?v=ndkIP7ec3O8]

Affordance2



Don Norman's Design Principles

Visibility: Can I see what to use?

Affordance: How do I use it? 

Feedback: What is it doing now? 

1

2

3



Feedback—communicating the results of an action—is a well 

known concept from the science of control and information 

theory… Feedback [for user interaction] must be immediate: 

even a delay of a 10th of a second can be disconcerting. 

Feedback

Don Norman
Highly regarded designer/author

Design of Everyday Things, Revised 2013, p. 23-25



Effect improves when immediate and 

synchronized with user action

Provide feedback on user actions

Feedback3



Example: Crosswalks

People press a lot more 

than once

Unclear if system has 

registered the button press

Feedback3



Feedback3



Example: Elevator buttons light up 

 reducing multiple presses

Feedback3



Don Norman's Design Principles

Visibility: Can I see what to use?

Affordance: How do I use it? 

Feedback: What is it doing now? 

Mapping: How does it relate?

1

2

3

4



Mapping is a technical term, borrowed from mathematics, 

meaning the relationship between the elements of two sets of 

things… The relationship between a control and its results is 

easiest to learn whereever there is an understandable mapping 

between the controls, the actions, and the intended result.

Mappings

Don Norman
Highly regarded designer/author

Design of Everyday Things, Revised 2013, p. 22-23



Mapping Example

Source: http://en.wikipedia.org/wiki/Natural_mapping_(interface_design)

Poor mapping: arbitrary arrangement of 

stove controls

Good mapping: controls spatially map to 

their burners



Good Mapping

Norman, The Design of Everyday Things, Revised Edition, 2013



Poor Mapping: My Light Switches



Apple Touchpad Mapping

“Natural mapping” Original mapping

Which is better? Why?



Make sure mapping is clear

Mercedes S500 Car Seat Controller

Mapping: Relationship between controls and 

their result 
4



back front front back

2 possibilities per side 

=4 total possibilities

paired

Stovetop Controls

back

right

front

left

back

left

front

right

24 possibilities, requires: 

visible labels

memory

arbitrary full mapping

Mapping4



Don Norman's Design Principles

Visibility: Can I see what to use?

Affordance: How do I use it? 

Feedback: What is it doing now? 

Mapping: How does it relate?

Constraint: I can do this, but I can’t do that.

1

2

3

4

5



Constrain actions to reduce 

error and focus attention

Constraint5



[Slide: Dan Lockton, http://architectures.danlockton.co.uk/]

Constraint5



[Slide: Dan Lockton, http://architectures.danlockton.co.uk/]

Constraint5



[Slide: Dan Lockton, http://architectures.danlockton.co.uk/]

Constraint5



[Slide: Dan Lockton, http://architectures.danlockton.co.uk/]

Constraint5



[Slide: Dan Lockton, http://architectures.danlockton.co.uk/]

Constraint5



[Slide: Dan Lockton, http://architectures.danlockton.co.uk/]

Constraint5



How about constraints used in HCI?



[Slide: Dan Lockton, http://architectures.danlockton.co.uk/]

Constraint5



[Slide: Dan Lockton, http://architectures.danlockton.co.uk/]
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[Slide: Dan Lockton, http://architectures.danlockton.co.uk/]

Constraint5



[Slide: Dan Lockton, http://architectures.danlockton.co.uk/]



[Example from Professor Scott Klemmer at Stanford]

Constraint5



[Example from Dan Lockton, Design with Intent, UXLondon 2010]

Constraint5



Constraint5



Constraint5



Don Norman's Design Principles

Visibility: Can I see what to use?

Affordance: How do I use it? 

Feedback: What is it doing now? 

Mapping: How does it relate?

Constraint: I can do this, but I can’t do that.

Consistency: Have I seen this before?

1

2

3

4

5

6



Design for Consistency

• Use similar operations and elements to 

achieve similar tasks

• Allows users to transfer prior knowledge

• But the best design isn't necessarily 

100% consistent

Consistency6



Don Norman's Design Principles

Visibility: Make controls visible

Affordance: Use affordances as perceptual cues

Feedback: Provide feedback on user actions

Mapping: Make mapping between controls and result clear

Constraint: Use constraints to reduce confusion & errors

Consistency: Allow users to transfer prior knowledge

1

2

3

4

5

6



Shneiderman's "8 Golden Rules of Interface Design"

http://www.cs.umd.edu/~ben/goldenrules.html

1. Strive for consistency

2. Enable frequent users to use shortcuts

3. Offer information feedback

4. Design dialog to yield closure

5. Offer simple error handling

6. Permit easy reversal of actions

7. Support internal locus of control

8. Reduce short-term memory load

http://www.cs.umd.edu/~ben/goldenrules.html


Jennifer Tidwell’s 14 IxD Patterns

1. Safe exploration

2. Instant Gratification

3. Satisficing

4. Changes in Midstream

5. Deferred Choices

6. Incremental Construction

7. Habituation

8. Microbreaks

9. Spatial Memory

10. Prospective Memory

11. Streamlined Repetition

12. Keyboard Only

13. Other People’s Advice

14. Personal Recommendations



TA05 Interactive Prototype v1 Checkin

I can answer questions

I can help teams with github



Dark Palette



Light Palette



Light Palette



Light Palette


