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What will we cover today?

→ Overview of visual representations
→ 2D interfaces
→ 3D interfaces
→ Fundamental representations
→ Organization of representations
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New Component: Representations

→ Defining Interactive Systems
→ Sensing, Modeling, Tracking
→ Planning, Adapting, Decision-Making
→ Interaction Paradigms
→ Action & Representation
→ Evaluation & Dissemination
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Visual 
Representations
Recap: The "gulf" model of human-machine systems1

How do we help users overcome this gulf?

→ Today: Visual representations
→ Next week: Agentic representations

1 Dubberly et al. (2009). ON MODELING What is interaction? are there different types?. 
interactions.
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http://www.dubberly.com/wp-content/uploads/2009/01/ddo_article_whatisinteraction.pdf


Five Dimensions of 
Interaction Design2

1. 1D: Words
2. 2D: Visual representations
3. 3D: Physical objects and space
4. 4D: Time
5. 5D: Behavior

2 Interaction Design Foundation
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https://www.interaction-design.org/literature/article/what-is-interaction-design


Five Dimensions of 
Interaction Design3

1. 1D: Words
2. 2D: Visual representations
3. 3D: Physical objects and space
4. 4D: Time
5. 5D: Behavior

3 DEC VT100 | Reading on the history of ANSII and the console

6 — © CS-839 Building Interactive Systems | Professor Mutlu | Week 13: Visual Representations

https://en.wikipedia.org/wiki/VT100
https://blog.console.dev/when-computers-had-personality-a-history-of-consoles/


Five Dimensions of 
Interaction Design4

1. 1D: Words
2. 2D: Visual representations
3. 3D: Physical objects and space
4. 4D: Time
5. 5D: Behavior

4 Xerox Alto | Excellent chronological history of the GUI
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https://crm.org/articles/xerox-parc-and-the-origins-of-gui
https://history.user-interface.io/


Five Dimensions of 
Interaction Design5

1. 1D: Words
2. 2D: Visual representations
3. 3D: Physical objects and space
4. 4D: Time
5. 5D: Behavior

5 Sensorama System, 1962 | Chronological history of VR
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https://www.computer.org/publications/tech-news/research/experiencing-the-sights-smells-sounds-and-climate-of-southern-italy-in-vr
https://virtualspeech.com/blog/history-of-vr


2D Interfaces
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Historical Development6

6 Image source: Left, Center, Right
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https://www.designworldonline.com/50-years-of-cad/
https://www.researchgate.net/figure/The-Xerox-Star-User-Interface-Johnson-et-al-1989_fig1_267836303
https://www.mediamatic.net/image/2016/12/14/xerox_star_8010_09.jpg%28mediaclass-full-width.c3083fedae46a95f1139ff9d5833b1b6b8e20a69%29.jpg


7

7 Image source: Left, Right
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https://upload.wikimedia.org/wikipedia/commons/0/05/Evolution_of_the_document_icon_shape.jpg
http://www.digibarn.com/collections/software/xerox-star/xerox-world-according-to-norm_files/Star-icons_Judd.jpg


Representation Design Paradigms

1. Implementation-centric
2. Metaphoric
3. Idiomatic

12 — © CS-839 Building Interactive Systems | Professor Mutlu | Week 13: Visual Representations



Implementation-centric Design

Definition: Interaction design maps directly to how system functions are implemented.
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Source8 

8 Images: Left, Right
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https://www.pinterest.com/pin/355010383103931950/
https://www.entrepreneur.com/article/243311


Metaphorical Design

Definition: Following a real-world metaphor that users are expected to be familiar with. 

Metaphorical designs "jump-start" user mental models, rely on their existing knowledge 
of how things work in the real-world, and thus eliminate learning.

Global Metaphor: A global metaphor provides a single, overarching framework for all 
the metaphors in the system (e.g., Magic Cap).9

9 Cooper et al., 2014, About Face
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Source10

10 Wikipedia: Magic Cap 
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https://en.wikipedia.org/wiki/Magic_Cap


11

11 Wikipedia: Magic Cap, NN Group: The Anti-Mac Interface
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https://en.wikipedia.org/wiki/Magic_Cap
https://www.nngroup.com/articles/anti-mac-interface/


12

12 UX Planet: Metaphorical Design
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https://uxplanet.org/metaphors-and-analogies-in-product-design-b9af77c18dba


13

13 Apple App Store: 76 Synthesizer
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https://apps.apple.com/us/app/76-synthesizer/id471645148


20



Idiomatic Design14

Definition: Building dedicated, highly expressive 
interaction capabilities that users must learn.

Mapping cursor movements on a screen to mouse 
movements is an extremely successful example.

14 Image Source
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https://beconnected.esafety.gov.au/topic-library/essentials/the-absolute-basics/what-is-a-computer/what-is-a-mouse#


15

15 Images: Left, Right

22 — © CS-839 Building Interactive Systems | Professor Mutlu | Week 13: Visual Representations

https://storage.googleapis.com/spec-host-backup/mio-design%2Fassets%2F1x2NU6vyNNO9oDBAOabnED4ktz_jum_Z_%2Fstandard-behavior-visibility-dismissible.png
https://www.idownloadblog.com/2018/11/07/send-voice-messages-iphone-ipad-mac/


Developing Idioms9

In designing idioms involve, three elements are 
established:

1. Primitives: atomic actions, e.g., point, click
2. Compounds: complex actions, e.g., double-click
3. Idioms: higher-level elements, e.g., deleting text

9 Cooper et al., 2014, About Face
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3D Interfaces
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Variations of 3D Interfaces

1. VR: Creating virtual 3D representations
2. AR: Mapping virtual representations into the user's environment
3. TUI: Bringing interaction into the physical realm
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Virtual Reality Interfaces
Definition: Virtual reality (VR) is the 
experience where users feel immersed in 
a simulated world, via hardware—e.g., 
headsets—and software.16

16 Interaction Design Foundation%20is%20the,attain%20goals%E2%80%94e.g.%2C%20learning.)
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https://www.interaction-design.org/literature/topics/virtual-reality#:~:text=Virtual%20reality%20(VR


Augmented Reality Interfaces
Definition: Augmented reality (AR) is the 
integration of digital information with the 
user's environment in real time.17

17 TechTarget
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https://www.techtarget.com/whatis/definition/augmented-reality-AR


Tangible User Interfaces18

Definition: A tangible user interface (TUI) 
is a user interface in which a person 
interacts with digital information through 
the physical environment.19

19 Wikipedia

18 Ideum
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https://en.wikipedia.org/wiki/Tangible_user_interface
https://tangibleengine.com/resources/tangible-user-interfaces-TUI-UX-UI-v6.pdf


Fundamental Representations
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Types of Fundamental Representations
1. Visualization
2. Database
3. Canvas
4. Tool panel
5. Hybrid

Similar to structural categories:20

1. Show one single thing
2. Show a list or set of things
3. Provide tools to create a thing
4. Facilitate a task

20 Tidwell, 2010, Designing Interfaces
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Fundamental Representations: Visualization21

Representations that primarily display 
information with some level of 
interactivity.

21 Image source
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https://www.caranddriver.com/news/a35195014/panasonic-augmented-reality-head-up-display-cars-2024/


Fundamental Representations: Database22

Representations that enable seeking information in a collection.

22 Image
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https://www.idownloadblog.com/2016/04/13/how-to-add-location-photos-for-mac/


Instamuseum23

23 Instamuseum
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https://petapixel.com/2016/06/06/instamuseum-lets-enjoy-instagram-photos-virtual-reality-museum/


Fundamental Representations: Canvas

Representations that provide a canvas to generate new content. 
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24

24 Image
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https://vrscout.com/news/masterpiecevr-4-people-paint-sculpt-vr/


25

25 Images: Left, Right
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https://www.granlundgroup.com/stories/using-augmented-reality-in-facility-management-more-potential-than-challenges/
https://www.mdpi.com/2077-1312/9/2/209


Fundamental Representations: Tool Panel26

Representations that provide access to 
tools, options, settings, etc. toward 
accomplishing specific tasks.

26 Augmenta, Video
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https://www.augumenta.com/products/smartpanel/#
https://vimeo.com/468841847


38 — © CS-839 Building Interactive Systems | Professor Mutlu | Week 13: Visual Representations



Fundamental Representations: Hybrid27

Representations that integrate other fundamental elements to support specific user 
goals or tasks.

27 Left
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Organization of Representations
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Organization in 2D: 
The WIMP 
Paradigm28

Definition: Windows, icons, menus, and pointer, or WIMP, 
is a design paradigm that current desktop interfaces 
follow that dates back to the Xerox Alto (1973).

28 Image source
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https://cdn.vox-cdn.com/thumbor/rLRVbYArRwSzSy0-Vyo3juYOMno=/0x24:1020x704/2050x1367/cdn.vox-cdn.com/assets/2351233/xerox-star-lead.jpg


Elements of the WIMP Paradigm: Windows

Definition: Windows are resizable containers of individual applications. 

Primary windows contain elements for the main functionality of the application, such 
as a canvas. Secondary windows support main windows through modal panes, dialog 
boxes, etc.
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29

29 Image source: Left, Right
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https://ga1.imgix.net/screenshot/o/103501-adobe-illustrator-cc-1461146876-8874757?ixlib=rb-1.0.0&ch=Width%2CDPR&auto=format
https://www.shutterstock.com/blog/change-theme-colors-powerpoint


Window Organization30

Definition: Windows can be organized in a way that overlaps several windows or tiles 
them across the screen.

30 Image source: Left, Right
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https://ga1.imgix.net/screenshot/o/103501-adobe-illustrator-cc-1461146876-8874757?ixlib=rb-1.0.0&ch=Width%2CDPR&auto=format
http://www.speakeasysolutions.com/blogimages/word2007template2.png


31

31 Image source: Left, Right
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https://ga1.imgix.net/screenshot/o/103501-adobe-illustrator-cc-1461146876-8874757?ixlib=rb-1.0.0&ch=Width%2CDPR&auto=format
http://www.speakeasysolutions.com/blogimages/word2007template2.png


32

32 Image source: Left, Right
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https://support.apple.com/library/content/dam/edam/applecare/images/en_US/osx/el_capitan-mission_control.png
https://www.howtogeek.com/thumbcache/2/200/1259fc95b5309894c0043cbcb136c823/wp-content/uploads/2017/08/vd_top.png


Window Structures33

Windows bring together dedicated panes in different configurations.

33 Image source: Left, Right
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http://www.macdrifter.com/uploads/2016/09/Screen%20Shot%2020160901_110748.jpg
https://d1ctrvvfkbyl4b.cloudfront.net/blog/_1100xAUTO_fit_center-center/pb6-main-mac@2x.png?mtime=20180403073046


Secondary windows can be docked, stacked, and floating.34

34 Image source: Left, Right
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https://www.bittbox.com/wp-content/uploads/2007/10/cs1_work_in_leopard_7.jpg
https://fileinfo.com/software/adobe/illustrator


Menus35

Definition: Menus list all the functions of the an application. Menu lists serve 
educational and reference purposes.

35 Image source: Left, Center, Right

49 — © CS-839 Building Interactive Systems | Professor Mutlu | Week 13: Visual Representations

https://guidebookgallery.org/pics/articles/lisauserinterfaceguidelines/a6.big.jpg
https://www.macobserver.com/wp-content/uploads/2017/02/Edit-Menu.jpg
https://winaero.com/blog/wp-content/uploads/2015/08/Windows-10-start-menu.png


Toolbars, Palettes, Sidebars, & Tooltips36

Definition: Toolbars, palettes, sidebars, and tooltips facilitate (visual and manipulation) 
access to frequently used functions.

36 Image source: Left, Center, Right
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https://pbs.twimg.com/media/DFLVJI5XUAA8Lth.jpg
https://developer.apple.com/design/human-interface-guidelines/macos/images/Toolbars_Customize_2x.png
https://i.pinimg.com/originals/ab/58/fd/ab58fda5a5f7d775be9755d6ee28af57.jpg


Tool Palettes37

Definition: Tool palettes provide advanced controls for a particular function rather than 
frequently accessed functions.

37 Image source: Left, Center, Right
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https://i.ytimg.com/vi/oDOkNYzIbbk/maxresdefault.jpg
https://support.omnigroup.com/doc-assets/OmniGraffle-Mac/OmniGraffle-Mac-v6.6.0.0/en/EPUB/art/og61_inspectors_useof.png
https://media.idownloadblog.com/wp-content/uploads/2019/03/Pages-Document-Background-Color-Mac.jpg


Pointing38

Definition: Pointing on an application canvas enables a range of advanced capabilities 
for direct manipulation.

38 Image source: Left, Center, Right
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https://helpx.adobe.com/content/dam/help/en/experience-design/help/resize-and-rotate-objects/_jcr_content/main-pars/image/Resize.png
https://helpx.adobe.com/content/dam/help/en/experience-design/help/resize-and-rotate-objects/_jcr_content/main-pars/image_1888396779/Rotate.png
https://makercommons.psu.edu/wp-content/uploads/2019/07/Screen-Shot-2019-07-19-at-11.38.26-AM.png


Design Patterns
Definition: A design pattern is a general, reusable 
solution to a commonly occurring problem within a given 
context.

Originally developed by Christopher Alexander (1977; A 
Pattern Language) to address problems in architecture 
and city planning.39

39 Smart Cities Dive
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https://www.smartcitiesdive.com/ex/sustainablecitiescollective/what-urban-design/1074316/


Design Patterns in Visual 
Representations

In the last decade, designers have also developed and 
refined patterns for overall structure and organization, 
components and controls.40

40 Neil, 2010, 12 Standard Screen Patterns
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http://designingwebinterfaces.com/our-patterns-in-print


Source41

41 Neil, 2010, 12 Standard Screen Patterns
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http://designingwebinterfaces.com/our-patterns-in-print


What did we cover today?

→ Overview of visual representations
→ 2D interfaces
→ 3D interfaces
→ Fundamental representations
→ Organization of representations
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