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OUTLINE OF TOPICS

¢ Chapter 2 of the ID Book
¢ Conceptual models

� Mental models
� Metaphors

¢ Interaction styles 
¢ This is helpful in thinking about:

Prototyping, design

¢ But first, some history
� Let’s get to this topic by looking at the history of an 

important example



1968 – DOUGLAS ENGELBART

¢ NLS or “oN-Line System”
� Later renamed Augment

¢ First GUI
� Mouse
� Hypertext Links
� Raster-scan video monitors
� Screen Windowing

¢ https://en.wikipedia.org/wiki/
Douglas_Engelbart



THE MOTHER OF ALL DEMO’S
¢ Kind of a weird title, but hey!

� http://www.youtube.com/watch?v=yJDv-zdhzMY
¢ Bitmapped screens, mouse, selection, hypertext

� all part of what we think of GUIs on desktop 
interfaces

¢ Engelbart’s work influenced those at this famous 
organization:
1970: Palo Alto Research Center (PARC)
� Created by Xerox
� Goal: First commercial GUI



XEROX STAR WORKSTATION INTERFACE



THE DESKTOP:  A CONCEPTUAL MODEL

¢ Need to first think about how the system will 
appear to users (i.e. how they will understand it)

¢ A conceptual model is a high level description 
of:
� “the proposed system in terms of a set of integrated 

ideas and concepts about what it should do, behave 
and look like, that will be understandable by the 
users in the manner intended”



MENTAL MODELS

¢ Also hear term mental model.  Same thing?
¢ Norman:

� “The models people have of themselves, others, the 
environment and the things with which they interact.  
People form mental models through experience, 
training, and instruction.”

¢ Often a more specific idea than conceptual model
� I.e. focuses on a specific system



FOR EITHER IDEA…
¢ You want to understand what the user already 

has in their head
¢ Then, you want to:

� Maybe build your system in response to this
� Work to create a different model in their head as they 

use your system

¢ When making design decisions, always keep in 
mind how the user will understand the 
underlying model 



UNDERSTANDING A CONCEPTUAL MODEL

¢ How will the user think about the system? Possibly 
based on:
1. Data or objects
2. Types of operations (activities) done
3. A metaphor

¢ Are there existing systems, concepts that will 
influence how the user will think about the system?

¢ What kind of interface metaphor, if any, will be 
appropriate?

¢ What kinds of interaction modes and styles to use?
¢ Breakdowns?

� Web apps (e.g. SIS) and back-button



(1) CONCEPTUAL MODEL BASED ON
OBJECTS

¢ Usually based on an analogy with something 
in the physical world

¢ Examples include books, tools, vehicles
¢ Classic: Xerox Workstation’s

Star Interface (1981)
� based on office objects

https://en.wikipedia.org/wiki/Xerox_Star#User_interface



WHAT’S FAMILIAR?



WHAT’S FAMILIAR?
¢ Documents: text on white “paper”
¢ Folders
¢ Icons for tasks related to devices. 

� Printer, mailbox, terminal, clock
¢ A physical 2D space to arrange things

¢ BTW, the interface SW:
� Was object-oriented.  All things had properties.
� Supported embedding or integrating things into other 

documents by drag-and-drop



(2) CONCEPTUAL MODELS BASED ON
ACTIVITIES

¢ Four general types of activities for interacting
1. Giving instructions

� issuing commands using keyboard and function keys 
and selecting options via menus

2. Conversing
� interacting with the system as if having a 

conversation
3. Manipulating and navigating

� acting on objects and interacting with virtual objects
4. Exploring and browsing

� finding out and learning things



CONSIDER #3: MANIPULATING AND
NAVIGATING

¢ Involves dragging, selecting, opening, closing and 
zooming actions on virtual objects 

¢ Exploit’s users’ knowledge of how they move and 
manipulate in the physical world

¢ Exemplified by
� what you see is what you get (WYSIWYG) and
� the direct manipulation approach (DM)

¢ Shneiderman (1983) coined the term DM
� came from his fascination with computer games at 

the time



CORE PRINCIPLES OF DM
¢ Continuous representation of objects and actions 

of interest

¢ Physical actions and button pressing instead of 
issuing commands with complex syntax

¢ Rapid reversible actions with immediate 
feedback on object of interest



ADVANTAGES OF DM
¢ Give me some!

� (Usability terms are welcome!)



BENEFITS OF DM
¢ Novices can learn the basic functionality quickly
¢ Experienced users can work extremely rapidly to 

carry out a wide range of tasks, even defining 
new functions 

¢ Intermittent users can retain operational 
concepts over time

¢ Error messages rarely needed
¢ Users can immediately see if their actions are 

furthering their goals and if not do something 
else

¢ Users experience less anxiety
¢ Users gain confidence and mastery and feel in 

control



DISADVANTAGES OF DM
¢ Some people take the metaphor of direct 

manipulation too literally
¢ Not all tasks can be described by objects and not 

all actions can be done directly
¢ Some tasks are better achieved through 

delegating
� e.g. spell checking

¢ Can become screen space ‘gobblers’
¢ May not scale down to small displays
¢ Moving a mouse around the screen can be slower 

than pressing function keys to do same actions
� But touch screens better than pointing devices



WHERE HAVE WE ARRIVED IN LECTURE?
¢ Xerox Workstation’s Star interface
¢ Introduced desktop conceptual model for 

interacting with a computer based system
� A conceptual model based on objects

¢ Supported direct manipulation of those objects
� A conceptual model based on the activity of direct 

manipulation
¢ Drag and drop, cut and paste, embed something, start 

something

¢ The desktop metaphor is a historic and important 
example of a conceptual model



1984 - MACINTOSH

¢ Small but enthusiastic constituency.
¢ Today, more of a bandwagon thing going on.



OS X – QUITE DIFFERENT!

¢ More use of colors, icons.
¢ Added the Dock.
¢ Gelcap style buttons
¢ Etc.



WINDOWS 1.0



WINDOWS 3.0



WINDOWS 95



WINDOWS VISTA (AERO)



WINDOWS 10



ON LINUX:  GNOME & KDE



IS IT WEIRD?
¢ They ALL use the same overall paradigm

� Desktop
� Windows
� Etc.

¢ Why might this be the case?



MOVING ON…WINDOWS BOB
¢ Just…why?



WHY DOES THE DESKTOP PARADIGM
WORK?

¢ Windows BOB flopped
� But why?
� Why did the desktop paradigm that we use now 

prevail?



AN ALTERNATIVE

¢ The old way:  a console or terminal 
� You type, the system responds



ANOTHER CONCEPTUAL MODEL BASED ON
ACTIVITIES

¢ #2 in our earlier list:  Giving Instructions
¢ Where users instruct the system and tell it what 

to do
� e.g. tell the time, print a file, save a file

¢ Implementations: typing, pressing buttons, etc.
¢ Very common conceptual model, underlying a 

diversity of devices and systems
� e.g. word processors, VCRs, vending machines

¢ Main benefit is that instructing supports quick 
and efficient interaction
� good for repetitive kinds of actions performed on 

multiple objects



SELF CHECK: YOU SHOULD BE ABLE TO
DISCUSS

¢ What are some of the advantages and 
disadvantages of desktop environments versus 
console environments?

¢ What kinds of users use each respective 
environment?



IMPORTANT LESSON

¢ Some users (power users) actually benefit from the 
increased control provided by the console
� Conceptual model: giving instructions

¢ Other users (beginners) benefit from the more 
restricted but “noob” friendly windowed 
environments
� Conceptual models:  Desktop View, Direct Manipulation

¢ Thus, the design of an interface is HIGHLY
DEPENDENT on the expected user base!
� We will look at this in more detail later.



ANOTEHR EXAMPLE (PAINT VS. 
PHOTOSHOP)
¢ Microsoft Paint is designed for users mostly unfamiliar 

with photo editing performing very simple tasks.



PHOTOSHOP

¢ More difficult to use but more powerful. Designed 
for serious photo editors, artists, etc.



OTHER EXAMPLES LIKE THE DESKTOP?



ANOTHER CLASSIC: THE SPREADSHEET
(BRICKLIN)

¢ Analogous to ledger 
sheet

¢ Interactive and 
computational

¢ Easy to understand
¢ Greatly extending  

what accountants 
and others could do 

www.bricklin.com/history/refcards.htm





SPREADSHEET METAPHORS

¢Do users of Excel
� Think of ledgers?
� Use it to do “what if” analyses?

¢What do we do?
¢Keep lists!
¢What tasks are useful for lists?

� Sort by column
� Filter by criteria
� Summarize
� See Data menu in Excel



LOTUS IMPROV (1991–1996)





Attribution: By Source (WP:NFCC#4), Fair use, https://en.wikipedia.org/w/index.php?curid=42175848



IDEAS IN LOTUS IMPROV
¢ Each tile represents a category.
¢ Categories can be row or column headings.
¢ The order of tile implies a structure.  More than 2D. Hierarchical!

� Like a multi-dimensional database
¢ Separated: data, views, formulas
¢ Formulas listed in one place.  We reference cells as named ranges

� Not =A5+C3. Instead: cost = price + tax
¢ Spreadsheets can be a stack of pages.

� (We now have sheets in workbooks.)
� A single file can contain multiple views and graphics.

¢ More info:
� http://en.wikipedia.org/wiki/Lotus_Improv
� Simson Garfinkel: 

http://simson.net/clips/1991/91.NW.Improv.html
� Search for images to see screen shots



ANOTHER CONCEPTUAL MODEL
#4 OF THOSE BASED ON ACTIVITIES
EXPLORING AND BROWSING

¢ Search!   Search engines – we use them a lot
¢ Really, a conceptual model?  Sure:

� Amazon, YouTube, help systems, libraries, etc.

¢ Users just understand this model
� Training needed?  Nope!

¢ A good approach for many problems
� When? Why?







WHERE ARE WE?
¢ How will the user think about the system?  Based 

on…
� Functions, user operations  (did that before)
� Data or objects (just did that)
� Interface metaphors (coming soon!)

¢Note:
� A conceptual model can be like a “large” 

metaphor
� Let’s talk now about more fine-grained 

interactions, using interface metaphors



INTERFACE METAPHORS

¢ In general, a metaphor means we want some part of 
an interface to be remind the user of a physical entity 
(“real-world”) and some of its properties
� e.g. desktop metaphor, web portals, GUI button, slider

¢ Can be based on activity, object or a combination of 
both

¢ Some part à the overall conceptual model, or some 
smaller component

¢ Exploit user’s familiar knowledge, helping them to 
understand ‘the unfamiliar’ (something new)
� Leverage what we know of this to understand more aspects 

of the unfamiliar functionality
� Eventually, the metaphor becomes “the familiar” (and we 

may forget about its real-world counterpart)



EXAMPLES OF METAPHORS

¢ Gimme some!





BENEFITS OF INTERFACE METAPHORS

¢ Makes learning new systems easier
¢ Helps users understand the underlying 

conceptual model
¢ Can be very innovative and enable the realm of 

computers and their applications to be made 
more accessible to a greater diversity of users

¢ But, there can be problems with metaphors, 
right?
� Give me some examples!



PROBLEMS WITH INTERFACE METAPHORS

¢ Go too far, or forced.  (See next examples.)
¢ Break conventional and cultural rules

� e.g. trash can / recycle bin placed on desktop

¢ Can constrain designers in the way they 
conceptualize a problem space

¢ Conflict with design principles
¢ Forces users to only understand the system in terms 

of the metaphor
¢ Designers can inadvertently use bad existing designs 

and transfer the bad parts over
¢ Limits designers’ imagination in coming up with new 

conceptual models



TABBED FOLDERS IN THE REAL-WORLD



PROBLEMATIC METAPHOR EXAMPLE #1
¢ Files and folder:  OK, we’re good with those
¢ Great!  So why not Folders as

an organizing container for
other things?
� E.g. Options when you have

too many for one window.
� One solution:

Tabbed Menus

¢ What if you really
have a lot of options?



MULTIPLE ROWS OF TABS

¢ Issues with this?
¢ Can you explain why

this is so irritating?



CAN WE “FIX” TABS WHEN WE HAVE MANY?



CAN WE “FIX” TABS WHEN WE HAVE MANY?
¢ Tabs for Sheets in an Excel Workbook



OTHER SOLUTIONS?
¢ Yes
¢ Let’s wait until later in the course when we talk 

about “physical” interface design

¢ For now, the point is:
� Metaphor
� Breaks down, when some aspect of a conceptual 

model is violated

¢ Same issue is behind this next example, too!



PROBLEMATIC METAPHOR EXAMPLE #2

¢ What’s the idea here?
� Metaphor of the tab and margin settings on typewriters

¢ What principle(s)?
� OK affordance:  clear you want to slide them
� Poor mapping:  three “knobs” that do what exactly?

¢ Important:
� Violates our conceptual model of adjacent objects in the 

physical world



SUMMING UP

¢ Leveraging what the user knows about the real-world 
(other systems) to help them understand how to use 
current system
� Conceptual model (of the entire application)

¢ Mental model
¢ Could be based on: objects, types of activities, a “big” metaphor 

� Interface metaphor (for entire system’s interface, or some 
smaller component)
¢ A direct matching between your interface and something a 

“real-world” entity
¢ Can improve aspects of usability

� You should be able to explain why
¢ Can fail

� You should be able to explain why



REMINDERS / ROAD MAP

¢ Conceptual Models
� How user thinks of your system

¢ Based on: objects, or activities, or a metaphor
� Categories of models based on activities

¢ Giving Instructions
¢ Conversing
¢ Manipulating and navigating
¢ Exploring and browsing
¢ (Read textbook for more info on these!)

¢ Interface metaphors
¢ “Interaction Styles”

� What kind of physical interface do we use to support 
the conceptual model



FROM INTERACTION “MODE” TO “STYLE”
¢ Interaction mode (what we discussed before): 

� what the user is doing when interacting with a 
system:
instructing, talking, browsing, or other

¢ Interaction style:
� the kind of interface you implement to support the 

mode
¢ Speech
¢ Menu-based
¢ Direct manipulation, touch
¢ Forms
¢ Gesture



INTERACTION STYLES

¢ A physical UI be built upon various mechanisms
� Command line
� Menu selection
� Form-fill
� Direct manipulation

¢ mouse, pen, touch, etc.
� Anthropomorphic

¢ Voice, ink (Tablet PCs), motion (Kinect, Leap), Virtual 
Reality, Skin (?!)



WHICH STYLE TO CHOOSE?
¢ Need to determine requirements and user needs
¢ Take the budget and other constraints into 

account
¢ Also will depend on suitability of technology for 

activity being supported 



CONCLUSION: WHAT’S THE RELEVANCE
OF ALL THIS?
¢ Conceptual and mental models

� Users bring existing models with them
� You can leverage this or create a new model for your 

system
� May lead to high-level conceptual model for your 

interface
¢ Interaction Mode and Interaction Style

� What’s the high-level way a user interacts with a new 
system?   (Why?  What’s the benefit?)

� Is there a high-level metaphor / model?
� Can lower-level metaphors be used in lower-level UI 

design?

¢ (All this is Chapter 2 of ID Book.  Read it!)



QUESTIONS!


