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What Are Your Interpretations of Interaction Design?

* Interaction design is ...



Are These Different
Interpretations Related?

How?



A Research-Paradigm Perspective

e Basic idea

e Using three major research paradigms in HCI as the foundation to (roughly)
categorize interaction designs
* Human-Factors
* Cognitive revolution
* Phenomenologically-situated

e Offering a historic view of HCI and interaction design
* Linking different design styles with their “appropriate” methods

* E.g., how to gather design requirements, how to design, and how to evaluate a design

* My goal

* You will be able to identify what kind of interaction design you are dealing with and
what factors you should (not) focus on.

* You will be able to identify (or use) appropriate methods in support of your design
and more importantly know what advantages and disadvantages your methods have.
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Research Paradigm |

* Paradigm
* Exemplar
e “situations where a standard model was to be faiiowed or imitated”

* Research paradigms in a discipline
* Appeared in Thomas Kuhn’s The Structure of Scientific Revolution

* Commonly accepted methods
* "examplars of what to do, the kinds of question to ask, successful
applications”, and "exemplary observations and experiments”

e Paradigm shift
e Each discipline has its own stable research paradigm.

* An old paradigm will be replaced with a new paradigm.

e Science progresses with the change of paradigm or paradigm shift.
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Human-Computer Interaction

* An academic filed focusing on understanding how human users
interact with computers and then designing interactive systems to
support human activities

e Multi-disciplinary, cross-disciplinary, inter-disciplinary

* Computer science, human factors, cognitive psychology, sociology, etc.
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Three Research Paradigms in HCI

1. Human Factor
2. Cognitive Revolution
3. Phenomenologically-Situated

The Three Paradigms of HCI

Steve Harrison Deborah Tatar Phoebe Sengers

Department of Computer Science Department of Computer Science and Information Science and

and (by courtesy) Art and Art (by courtesy) Psychology Secience & Technology Studies
History Virginia Tech Cornell University

Virginia Tech 123 VTKW II 301 College Ave.

121 VTKW II 2202 Kraft Dr — MC 0106 Ithaca, NY 14580 USA

2202 Kraft Dr — MC 6106 Blacksburg, VA 24060 USA sengers(@cs.cornell.edu
Blacksburg, VA 24060 USA dtatar@cs.vt.edu

sth(@cs.vt.edu

ABSTRACT

There are three paradigms of HCI: Human-Factors, Classical Cognitivism/Information Processing Based
and the Third/Phenomenologically-Situated Paradigm. Each of these paradigms represents a world-view
and encompasses a set of practices and expectations for the value and contribution of research. Each
contributes to HCI, but in different ways. The first two are not particularly controversial in terms of their
contributions to larger enterprises of HCI. Human-Factors focuses on optimizing man-machine fit. Clas-
sical Cognitivism/Information Processing emphasizes (ideally predictive) models and theories and the
relationship between what is in the computer and in the human mind. The third paradigm, with its base in
Phenomenology, is less reified, but no less real. It focuses on the experiential quality of interaction, pri-
marily the situated nature of meaning and meaning creation. All three paradigms drive design, but in dif-
ferent ways. All three have their own forms of knowledge creation and criteria for what constitutes
knowledge. Identifying these approaches as paradigms allows us to value work more clearly.



Human Factor



Human Factor

e Basic views

* Human users are an important factor, if not direct and indirect %
more important than others, in an
interactive system.

* Other factors: machines, environment, etc.
* Design is to fit man into a system.

e Design constraints are largely from the
physical constraints of human body ard
other factors that can directly affect the
performances of human physical

Position display

pe—— 18-24 inches —u about arm's length and

with line of sight shown

Shouiders relaxed

00
Do not hold phone
with shoulder

Support wrists
when not typing

Good chair without pressure points on
back of thighs and lumbar support

m Ove m e ntS . Wrists in line with forearm (not bent)
e Research practices
. . o No li
* Developing models that predict human Arms and logs 90 on char

behaviors (usually physical movements)

* Designing systems to simplify interactive
movement. —

Feet flat on foor or supported



Darn these hooves! | hit the wrong switch again!
Who designs these instrument panels, raccoons?



Design Methods

* Requirement consideration
* Parameters of human body
* From census data (assumption: operators are normal people)
* Dimensions of machines (usually following early generations of designs)
* Situations of environments where interactions happen (often relatively stable, such as indoor)
* Tasks: in general prescribed

* Operators cannot and are not allowed to deviate from the prescribed task trajectory
* Machine-centered

* Task analysis

* Design: Engineering-oriented
e Optimization of existing systems (majority)
* The space between keys in a keyboard, resistance force of keys, etc.
* Design of new interaction systems {rarity)
* Mouse, light pen, tracking bali; etc.

* Evaluation
e Experiment-oriented

* Measuring matrix: task efficiency, error rates

e Subjects: few
 Homogeneity in performance by targeted operators



Contributions of This Paradigm

* Recognizing the powers and limitations of human sensory systems.

* Promoting the designs that can leverage such powers and avoid those
limitations.

e Quite successful in the era before informaticon revolution.
* Concept of ergonomics
* Some basic parameters used in design
* E.g., key-stroke level model (time to_press a key, to move a mouse, etc.)

 Justifications of good designs
* E.g., why mouse is better than-tracking ball

* Providing models and toolsto understand and analyze interaction activities

* Improving user interfaces to support expert users
* Professional typists, customer support representatives, computer scientists, etc.

* Predicting the efficiency of new Ul design



Some Examples under the First Paradigm

e Fitts’s law
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GOMS Model

* GOMS
* Goals, operators, methods, selection rules

* A model to represent and analyze an interaction process by
an expert users with a keyboard and a point device, usually a
mouse.

e Basic idea

* The process can be decomposed into a series of key strokes,
mouse controls, and movements between keyboard and mouse.

* Each individual activity has a time constant.

* The efficiency of the process can be calculated by adding the time
constants of all relevant activities.
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The'fox jumps over the 1azyd|::g.

Example of a text-editing task.



Top-level goal Edit manuscript, or more specifically, move “quick brown” to before “fox”
Subgoal Highlight text

Operators Move-mouse
Click mouse button
Type characters (keyboard shortcuts)

Methods For the editing goal:
1. Delete-word-and-retype (retype method)
2. Cut-and-paste-using-keyboard-shortcuts (shortcuts method)
3. Cut-and-paste-using-menus (menus method)
For the highlighting subgoal:
1. Drag-across text (dragging method)
2. Double-click first; shift-click last (all-clicking method)

Selection rules  For the editing goal:
If text to be moved is one or two characters long, use refype method
Else, if remember shortcuts, use shoricuts method
Else, use menus method.
For the highlighting subgoal:
If text to be moved is not whole words, use dragging method
Else, use all-clicking method



Selection of a rule

Move cursor to “quick”
Double-click mouse button
Move cursor to “brown”
Shift-click mouse button
Move cursor to Edit menu
Click mouse button

Move cursor to “Cut”

Click mouse button

Selection of a rule
Move cursor before “fax”

Click mouse button

Selection of a rule

Move cursor to Edit menu
Click mouse button

Move cursor to “Copy"

Click mouse button
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GOMS Models Were Very Successful!

* Predicting user behaviors (largely about task efficiency) in
tools/systems to support expert users on routine tasks

* Text editors, Spreadsheets, CAD systems, operating systems,
etc.

 Comparing different designs

e NYNEX new workstation in 1988.

» Better technologies: new keyboard, new Ul, new display, etc.
 Slower: critical work paths were longer.
* Cost S2 million more per year.



Challenges of This Paradigm

* Rigid and passive views on the roles of human operators

* Factor vs. actor
* E.g., heavy burden on learning a UL.



Emacs Command Key Combinations

@ iii-goals.txt - EMACS
File Edit Options Buffers Tools Text Help
Methods for knowledge discovery

Deliverables: framework and a set of tools

issues in ATSV

simplely looking at plots is not sufficient.

Making sense of alternatives with multiple dimensional attributes may need:

1. understand the relationship among important attributes: choose independent ang§§%pendent attributes

2. group similar information objects: cognitive psychology: knowlwedge organ1z@% in a hierarchical way in dealing with large data sets
semantic information at different level of granularity é}

O

3. sense-making is an iterative process, which users pick information on éhe way and change observation strategies
changing their clustering strategies Q@b

How can we support such cross-granularity and cross-attribute knowT;ﬁﬁe discovery?
Q)

&
N
Clustering information may provide better insight into desigqéfp

X
&

S
1. how alternatives should be clustered?
2. what information should be provided about each cluster?

Problems:

Challenges:
1. what attributes to choose in visualization? Some attributes are better than others: horsepower > number of seat
year as independent variables: data will be just piled up and does not provide much information

as one attributes is chosen: what variables to observe?
cognitive costs: visualizing data without any correlation or data shows correlation?
-\--- 111-goals.txt Top (22,0 Text) 1:14AM 0.40




GNU Emacs Reference Card

(for version 26)

Starting Emacs

To enter GNU Emacs 26, just type its name: emacs

Leaving Emacs

suspend Emacs (or iconify it under X) C-z
exit Emacs permanently C-x C-c

Files

read a file into Emacs C-x C-f
save a file back to disk C-x C-s
save all files C-x s

insert contents of another file into this buffer C-x i

replace this file with the file you really want C-x C-v
write buffer to a specified file C-x C-w
toggle read-only status of buffer C-x C-q

Getting Help

The help system is simple. Type C-h (or F1) and follow the di-
rections. If you are a first-time user, type C-h t for a tutorial.

remove help window Cc-x 1
scroll help window C-M-v
apropos: show commands matching a string C-h a
describe the function a key runs C-h k
describe a function

get mode-specific information

Error Recovery

abort partially typed or executing command C-g

recover files lost by a system crash M-x recover-session
undo an unwanted change C-x u, C-_ or C-/

restore a buffer to its original contents  M-x revert-buffer

redraw garbaged screen c-1

Incremental Search

search forward C-s
search backward C-r
regular expression search C-M-s
reverse regular expression search C-M-r
select previous search string M-p
select next later search string M-n
exit incremental search RET
undo effect of last character DEL
abort current search C-g

Use C-s or C-r again to repeat the search in either direction. If
Emacs is still searching, C-g cancels only the part not matched.

© 2019 Free Software Foundation. Inc. Permissions on back.

Motion

entity to move over

character

word

line

go to line beginning (or end)

sentence

paragraph

page

sexp

function

go to buffer beginning (or end)

scroll to next screen

scroll to previous screen

scroll left

scroll right
1

backward forward

C-b
M-b
C-p
C-a
M-a
M-{
C-x [
C-M-b
C-M-a
M-<

scroll current line to center, top, bottom

goto line
goto char
back to indentation

Killing and Deleting

entity to kill

character (delete, not kill)

word

line (to end of)

sentence

sexp

kill region

copy region to kill ring

kill through next occurrence of char

vank back last thing killed
replace last yank with previous &iil

Marking

set mark here

exchange point and mark
set mark arg woreds away
mark paragraph

mark page:

mark sexp

mark function

mark entire buffer

Query Replace

interactively replace a text string
using regular expressions

= O =0

=
I

1
BmE@ H XK S <
o

=
I

backward forward

DEL
M-DEL

M-0 C-k
C-x DEL

c-d
M-a
Crk
M-k

M-- C-M-k C-M-k

Valid responses in query-replace mode are

replace this one, go on to next
replace this one, don’t move

skip to next without replacing
replace all remaining matches
back up to the previous match
exit query-replace

enter recursive edit (C=M=-c to exit)

N = 5

c-
M-
M-z char
C_
M7

=<

or C-SPC
C-x

ODDO'ZZ 2ol
HEEKPFe K

M=%

M-x query-replace-regexp

SPC or y

»
DEL or n
!

RET

C-r

Multiple Windows

When two commands are shown, the second is a similar com-
mand for a frame instead of a window.

delete all other windows C-x 1 C-x 51
split window, above and below C-x 2 C-x 5 2
delete this window C-x 0 C-x 50
split window, side by side C-x 3

scroll other window C-M-v

switch cursor to another window C-x o C-x 5 0
select buffer in other window C-x 4 b C-x 5 b
display buffer in other window C-x 4 C-0 C-x 5 C-o
find file in other window C-x 4 £ C-x 5 f
find file read-only in other window C-x 4 r C-x 5 r
run Dired incother window C-x 4 d C-x 5 d
find tag in other window C-x 4 C-x &5 .

grow window taller C-x ~
shrink window narrower C-x {
grow window wider C-x }
Formatting

indent current line (mode-dependent) TAB
indent region (mode-dependent) C-M-\
indent sexp (mode-dependent) C-M-q
indent region rigidly arg columns C-x TAB
indent for comment M-;
insert newline after point C-o
move rest of line vertically down C-M-o
delete blank lines around point C-x C-o
join line with previous (with arg, next) M-
delete all white space around point M-\

put exactly one space at point M-SPC
fill paragraph M-q

set fill column to arg C-x f
set prefix each line starts with C-x .
set face M-o
Case Change

uppercase word M-u
lowercase word M-1
capitalize word M-c
uppercase region C-x C-u
lowercase region C-x C-1
The Minibuffer

The following keys are defined in the minibuffer.
complete as much as possible TAB
complete up to one word SPC
complete and execute RET
show possible completions 7

fetch previous minibuffer input M-p
fetch later minibuffer input or default M-n
regexp search backward through history M-r
regexp search forward through history M-s
abort command C-g

Type C-x ESC ESC to edit and repeat the last command that
used the minibuffer. Type F10 to activate menu bar items on
fovrt terminals



Challenges of This Paradigm

* Rigid and passive views on the roles of human operators
* Factor vs. actor
* E.g., heavy burden on learning a Ul.

* Failed to fully release the powers of huiman intelligence

* Operators merely follow pre-defined task trajectories on specially-purposed systems.
* Repeated and mechanical movements

* Inadequate when applied to design for general purpose systems, such as
personal computer.

* Lack of solid theories to guide design
e Engineering practices (hacking)

* lgnorance on large contextual factors (e.g., group, social, societal factors)



An Example of Research Paper

A COMPARISON OF INPUT DEVICES IN
ELEMENTAL POINTING AND DRAGGING TASKS

1. Scott MacKenzieT, Abigail SellenS , and William Buxton$

https://www.yorku.ca/mack/CHIS1.html



https://www.yorku.ca/mack/CHI91.html




s This Paradigm Relevant to
Designing Visualization Systems?



HUMAN-COMPUTER INTERACTION, 1986, Volume 2, pp. 227-249
Copyright © 1986, Lawrence Erlbaum Associates, Inc.

Softening Up Hard Science:
Reply to Newell and Card

John M. Carroll and Robert .. Campbell
IBM Thomas J. Watson Research Center

ABSTRACT

A source of intellectual overhead periodically encountered by scientists is the
call to be “hard,” to easure good science by imposing severe methodological
strictures. Newell and Card (1985) undertook to impose such strictures on the
psychology of human-computer interaction. Although their discussion con-
tributes to theoretical debate in human-computer interaction by setting a refer-
ence point, their specific argument fails. Their program is unmotivated, is se-
verely limited, and suffers from these limitations in principle. A top priority for
the psychology of human-computer interaction should be the articulation of an
alternative explanatory program, one that takes as its starting point the need to
understand the real problems involved in providing better computer tools for
people to use.



Cognitive Revolution



Cognitive Revolution

* Cause: main frames =2 personal computers
e General purpose systems
° Heterogeneous users







This Is What A User Interface Used to Be

MINGW®64:/c/Users/Izhang/Desktop/IllusionOfinfinity

[~/Desktop/I1lusionOfInfinity]$ pwd
/c/Users/lzhang/Desktop/I1lusionOfInfinity

[~/Desktop/IllusionOfInfinity]$ 1s

cal.gif I1lofInf-VideoTitles2.ppt @QOfI -UIST2000-submGWF.doc  title.avi
corn.avi I1lusionOfInfinity Video/ d§ lowConti.mid tt.avi
CornsweetBoxes.ppt I1lusionOfInfinity Video. 21§§\ VAN CEREVE UIST2000.doc

CornsweetRectEventHandler.java  illusionOfInfinityImgs/ . ¥ stickzooming.avi up.mid

down.wav I1lusionOfInfinitySouregs étode/ stickzoomingout.avi upcontinuous.mid
Furnas-UIST2000.doc Illus10nOfInf1n1tyV1Q§bC11ps/ test.avi zooming.avi
Furnas-UIST2000.zip ‘Illusions of Infln;g .ppt’ Thumbs.db ZStickyGroup.java

Q}
R

[~/Desktop/IllusionOfInfinity]$ date

Wed, Oct 9, 2019 1:18:55 AM K
'Z}
Q
[~/Desktop/IllusionOfInfinity]$ .@é

N
QO
[~/Desktop/I1lusionOfInfinity]$




This Is What A Text Editor Looked Like ...

@ iii-goals.txt - EMACS
File Edit Options Buffers Tools Text Help

Methods for knowledge discovery

Deliverables: framework and a set of tools

issues in ATSV

simplely looking at plots 1is not sufficient.

N
O\‘)

Making sense of alternatives with multiple dimensional attributes may need: S
N

1. understand the relationship among important attributes: choose independnggand dependent attributes
Q

2. group similar information objects: cognitive psychology: knowlwedge org@nized in a hierarchical way in dealing with large data sets
semantic information at different level of granularity d?*
S
3. sense-making is an iterative process, which users pick informatiqg?on the way and change observation strategies
changing their clustering strategies Q@

How can we support such cross-granularity and cross-attribute k6§%1edge discovery?
&
N
Q
S
. . . . _— . %)
Clustering information may provide better insight into q§§1gn
o
Problems: <
1. how alternatives should be clustered?
2. what information should be provided about each cluster?

Challenges:
1. what attributes to choose in visualization? Some attributes are better than others: horsepower > number of seat
year as independent variables: data will be just piled up and does not provide much information

as one attributes is chosen: what variables to observe?
cognitive costs: visualizing data without any correlation or data shows correlation?
-\--- 1i1i-goals.txt Top (22,0 Text) 1:14AM 0.40




Troubles for Ordinary Users




Do We Have Similar Problems in
Visualization/Visual Analytics Systems?



Cognitive Revolution

* Cause: main frames =2 personal computers
e General purpose systems
¢ Heterogeneous users

* Emphasizing the important roles of human cognition
in interacting with computers

* Human sensory systems
* Visual perception: the sensory system we know best
* Dominant information input channel
* Auditory perception: not as much as what we know about visual perception
e Supportive roles in irnput
* Human memory systems
» Different kinds of memory: sensory storage, short-term storage, and long-term storage

* Mechanisms to remember and recall the information stored in our brain



Design Methods

* Requirement consideration
 Significantly focusing on cognitive perspectives of users
* Task: recognition of the diversity of user activities in carrying out the same task



External
world | A
Human Y
information Receptors Effectors
Processor (perception) (motor acions)
Processor
Memory

A generic human information-processing system.



Model Human Processor D

ng-Term Memory

BLym = =
HLTM = =
KLTM = Semantic

Working Memory

' Audiory Image Hywa = 3 [2.5-4.1] chunks
) Store Hwm® = 7 [5-9] chunks
Byyg = 200 [70-1000] ms Bas = 1500 [900-3500] ms Sym = 7 [5-226] s
Hys = 17 [7-17] letters Hals = 5 [4.4-6.2] letters Gy (1 chunk) = 73 [73-226] s
) . Bym (3 chunks) = 7 [5-34] s

®ys = Physical KAIS Physical wypM = Acoustical or Visual
BusyBox v1.16.1 (2014-12-13 05:54:42 (ST) built-in shell (ash) h -? I-l
Enter 'help’ for a list of built-in commands. -, I ! ); \

[adming scripts]$ filebot -rename "/volumel/data/Firefly" --db TheTVDB -non-strict
Rename episodes using [TheTVDB]

Auto-detected query: [firefly]

Fetching episode data for [Firefly]

[MOVE] Rename [/volumel/data/Firefly/firefly.101.mkv] to [Firefly - The Train Job.mkv]
[MOVE] Rename [/volumel/data/Firefly/firefly.102.mkv] to [Firefly - Bushwhacked .mkv]
[MOVE] Rename [/volumel/data/Firefly/firefly.103.mkv] to [Firefly - Our Mrs. Reynolds.mkv]
[MOVE] Rename [/volumel/data/Firefly/firefly.104.mkv] to [Firefly - Jaynestomn.mkv]
[MOVE] Rename [/volumel/data/Firefly/firefly.105.mkv] to [Firefly - Out of Gas.mkv]
[MOVE] Rename [/volumel/data/Firefly/firefly.106.mkv] to [Firefly - Shindig.mkv]

[MOVE] Rename [/volumel/data/Firefly/firefly.107.mkv] to [Firefly - Safe,mkv]

[MOVE] Rename [/volumel/data/Firefly/firefly.108.mkv] to [Firefly - Ariel.mkv]

[MOVE] Rename [/volumel/data/Firefly/firefly.109.mkv] to [Firefly - War Stories.mkv]
[MOVE] Rename [/volumel/data/Firefly/firefly.110.mkv] to [Firefly - Objects in Space.mkv]
[MOVE] Rename [/volumel/data/Firefly/firefly.111.mkv] to [Firefly - Serenity.mkv]

[MOVE] Rename [/volumel/data/Firefly/firefly.112.mkv] to [Firefly - Heart of Gold.mkv]
[MOVE] Rename [/volumel/data/Firefly/firefly.113.mkv] to [Firefly - Trash.mkv]

[MOVE] Rename [/volumel/data/Firefly/firefly.114.mkv] to [Firefly - The Message .mkv]
Processed 14 files

Done ¢ (@ ~@)/

= 70 [30-100]

Eye movement =
230 [70-700] ms




Design Methods

* Requirement consideration
* Significantly focusing on cognitive perspectives of users
* Task: recognition of the diversity of user activities in'carrying out the same task

* Design
* Visual design of a Ul based on visual perception principles
* |cons, color choices, etc.
* Organization of Ul components based on user mental models
* Organization of Ul components (e.g., menu, task bar, etc.)
* Innovation of Uls in general
* Improvement of Ul components

e Evaluation (if available)
* Experiment-based
* Measure matrix: usability (task completion time, error rates, user satisfaction, etc.)
* Sample size: varying

* Design concerning low-level cognition: small sample size (again homogeneity in user
performance)

* Design concerning cognition related individual experiences: large sample size



Example: Automaticity

Green Blue Yellow

: : Black Brown Purple
* Automatic processing

e Occurs without intention (Stroop Effect)
* No conscious awareness of the process used
* Does not consume much cognitive resource

* Measuring average time and error rate
* Performance: most people are similar.
* Small sample is good enough.



Example: Icon Design

e Understanding the meaning of an icon depends individual experiences

Mac OS 6

* User preferences may vary significantly.
* Need large samples


Presenter
Presentation Notes
The more ‘concrete’ the concept, the easier it is to represent.

Eg., Printing is a concrete operation, and the above icon is almost universally used to represent this process.

But, can you guess what the other icon represents?

It is print preview. 

How could a magnifying glass be related to ‘Print preview’ - is this a ‘good’ representation of that process?  Could it be confused with icons from other packages?  

Culture issues. 

You all know this icons, right? It is the trash can in Mac. It is pretty similar to the trash can used in the United States. How about in other countries where trash cans do not look like this.

I mentioned the folder icon before. By seeing this icon, you will know it is used for organize documents. When I first saw it, I had know idea how it could be related to the organization of files. I never saw a folder in China like this before. Its translation in China is this. To me, this icon did not mean anything about document management.




Contribution of This Paradigm

* Revealing the importance of human cognition to interaction design
* Match between human cognition and system model

» Offering a new way to look at relationship between human users and
information systems

* Interaction as information communication between users and systems

* Promoting the development of new theories/models to support complex
Interaction

e Systems as a part of human cegnition (distributed cognition)

» Offering a series of theories and models to guide interaction designs
* Drawn from cognition psychology on color, brightness, info organization, etc.

* Developed for Ul design specifically
 Mental model (e.g., desktop Ul)
* Distributed cognition (e.g., Ul for group)



Success of This Design Paradigm

* Graphical User Interface (GUI)

e Recall vs. recognition
 Visually guided interactions
* GUI makes computer easy to use

e Various information visualization
designs for different data types

* Long list, table, tree, netwaiks, etc.

Interpretation

Perception

Making Sense

7

Gulf of Evaluation

NNy

Gulf of Execution

Execution

System Goal

Action Plan



Mental Model (Metaphor)



Presenter
Presentation Notes
Why do we need a metaphor in the design of GUIs? The answer is to give us a better mental model about what to do on the computer to accomplish tasks.  In real life, we deal with documents on the top of a desk, so it seems natural to adopt a desktop metaphor in the design. There are also other metaphors, such as virtual reality metaphor, under which information is organized in a 3D space and users can navigate around, a book metaphor, under which documents are organized as books and users can access information by browsing books, or a room metaphor, under which tasks are assigned to different rooms and user need to pick a proper room to accomplish a particular task.


:/c/U p/llusionOfinfinity

[~/Desktop/I1lusion0fInfinity]$ pwd
/c/Users/1zhang/Desktop/I1lusionOfInfinity

[~/Desktop/IllusionOfInfinity]$ 1s

cal.gif I1lofInf-VideoTitles2.ppt
corn.avi I1lusionOfInfinity Video/
CornsweetBoxes.ppt I1lusionOfInfinity_Video.zip
CornsweetRectEventHandler.java  illusionOfInfinityImgs/
down.wav I1lusionOfInfinitySourceCode/
Furnas-UIST2000.doc I1lusionOfInfinityvideoClips/
Furnas-UIST2000.zip ‘Illusions of Infinity.ppt’

[~/Desktop/IllusionOfInfinity]$ date
Wed, Oct 9, 2019 1:18:55 AM

[~/Desktop/I1lusionOfInfinity]$

[~/Desktop/I1lusionOfInfinity]$

IofI-UIST2000-submGWF.doc
lowConti.mid

myJuke.java
stickzooming.avi
stickzoomingout.avi
test.avi

Thumbs.db

title.avi

tt.avi
UIST2000.doc
up.mid
upcontinuous.mid
zooming.avi
ZStickyGroup.java
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Window Help

. . Rotate Vi ’ — T
ptate diew PO PN e bE D H
rganization e
ar Ll
Page Display 4 H ‘
Zoom 4
PY IVI L' t Tool Sets 4 ]
enu (LIS — .
Fill & Sign E
Visit New File... C-x C-f Visit New File... C-x C-f Comment '
Open File... Open File... W Avtictes
. - == JTeolbar ltems L4 Attachments
Open Directory... C-xd Open Directory... C-xd uZitead Mode CuteH e
|  Fil Coxi = Eull Screen Mode Ctrl+L Menu Bar Fe EF Bookmarks
Insert File... C-xi MSErt Fie.. ! B Trocker Rulers & Grids b | [E] Content
Close Close Cursor Coordinates @ Destinations
Read Out Loud 4 @ Layers
Save C-x C-s Save C-xC-s Compare Documents... I 2 Model Tree
Save As... C-x C-w Save As,., C-n Cw Order
Revert Buffer Revert Buffer S
. % Signatures
Recover Crashed Session Recover Crashed Session N T
Print Buffer Print Buffer Show Mavigation Pane
Print Region Print Region Reset Panes
PostScript Print Buffer

PostScript Print Buffer
PostScript Print Regién

PostScript Print Buffer (B+W)

PostScript Print Region

PostScript Print Buffer (B+W)
] ] o PostScript Print Region (B+W)
PostScript Print Region (B+W)

Mew Window Below Cx2 Mew Window Below C-x2
New Window on Right Cox 3 Mew Window on Right C-x3
Remove Other Windows Coxc 1 Remowve Other Windows C-x1
Mew Frame C-x32 Mew Frame C-x52
Mew Frame on Display... Mew Frame on Display...

Delete Frame C-x50 Delete Frame Cx30

Quit C-xC-c Quit C-xC-c




lcon Design: The Good
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Presentation Notes
These are some good designs. It is not quite difficult to tell what they are for. 


The Bad

P2



Presenter
Presentation Notes
Guessing what these icon are designed to is not easy. You may be familiar with them because of daily use. However, think about the operations tied to these icons and then see whether they make sense. For example, the star icon means to get the your favorite list or bookmarks. Why is a star related to favorite stuff. Also, the brush icon is for format painting. Brush may be related to paint, but where is the format?



The Ugly

1)



Presenter
Presentation Notes
What do these icons represent to you? 


What Lessons Can We Draw
from This Paradigm to Help the
Design of Visualization Systems?



How to Draw Users” Attention?












What Stands Out?



What Objects Stand Out?
Pop Out Effect

* Objects with certain unique features will pep out of the distracters in
the background.

e The number of distracters does not matter.












Pop Out Effect

* Objects with certain unique features will pep out of the distracters in
the background.

e The number of distracters does not matter.

* Very quick

* 0.1 second

* Various visual features can give rise to pop-out effect.
* Color, shape, orientation, motion, stereoscopic depth, etc.
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Pop Out Effect

* Objects with certain unique features will pop out of the distracters in
the background.

e The number of distracters does not matter.

* Very quick
* 0.1 second

* Various visual features can give rise to pop-out effect.
* Color, shape, orientation, motion, stereoscopic depth, etc.

* Visual distinction between the target and the distracters should be
large enough.



Motion

* Very powerful pop-out effect.
* Results of long-term evolution

* In particular, things that emerge into the view.
* Design: interruption
* Quick motion vs. slow motion
* Abuse of motion

* Online commercials
* High-frequency, rapid mgtion
e TV commercials



i BANDWIDTH SPEEDS -

Experienced

BeEn

Ehe New Fork Times @Mark&t

ylimes.com

You are visitor #857336 to this site
CONGRATULATIONS! YOU'VE WON!



http://www.amazon.com/exec/obidos/handle-generic-form/ref=xs_gb_nav_opn_/002-5721286-7011223?action-next-page=http://www.amazon.com/exec/obidos/tg/stores/static/-/goldbox/index/002-5721286-7011223?amazon-xs-goldbox-form-step-num=
http://play.games.com/playgames/sp_game_intro.jsp?PRODUCT%3c%3eprd_id=40463&FOLDER%3c%3efolder_id=2557&bmUID=1077090867047&WebLogicSession=QDMaMriuFwlHy8HDY1Hu6aSDuO98ceo2cB3fSEt1B0zYDk5XbBHo4yLENikb1C1PkCkCv7r2JSY3|2567519079715572071/-802745425/5/5671/5671/7002/7002/-1&HighScore%3c%3egamename=missilecommand
http://a.tribalfusion.com/l.click?clickID=DUJUDTMKDJPFKDEKMLMLNQCPDVLNPWTGSMOKERMFOXRRKVKFPJFPUHMJLIAKPWOKMSMPGNPBS&clickURL=http://p.theuseful.com/809/
http://www.adwareremovergold.com/?revid=28824&s=2
http://ad.doubleclick.net/click;h=v2|30b5|0|0|*|o;7302297;0-0;0;7755415;1-468|60;4483386|4501282|1;u=65.222.15.51-1070825326973;?http:/161.58.182.9/addir/getadx.asp?ext=503
http://www.nytimes.com/adx/bin/adx_click.html?type=goto&page=www.nytimes.com/yr/mo/day/international/asia&pos=MiddleRight&camp=nytnyt-jobmarket&ad=words_tr_336x280.gif&goto=http://www.nytimes.com/marketing/jobmarket/info/postinfo.html

ow We Perceive Spatial Form,
nape, Structure, and Patterns?



Presenter
Presentation Notes
Basically, we seem to have an innate tendency to pereive one aspect of an event as the figure or fore-ground and the other as the ground or back-ground.  There is only one image here, and yet, by changing nothing but our attitude, we can see two different things.  It doesn’t even seem to be possible to see them both at the same time! 


Law of Proximity

* Things that stay close tend to be regarded as a group
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Law of Similarity

 Similar objects tend to be seen as parts of the same pattern
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Law of Continuity

* Tendency to perceive unseen parts of a patterns as
continuing in a predictable and simple manner

O




Goal-Oriented Eye Movement

* We must rely on eye movement
to see the world better.

.I :'-:I.' liL' I
'1| -'r !

What are their ages?



Accurate Representations

* We often use graphs to compare measures.
* Can we human beings accurately tell the difference between graphs?



Using Brightness to Represent Values




Use Color?




Skirt Color: White-Gold or Black-Blue




Why?



Our Visual Perception |Is More

about the Difference between

External Information, Rather
Than Absolute Values!



Champagne Sierra Yellowstone Gold
420 605/30 605/30 420
2 Ibs. 2 |bs. 3 lbs. 4 Ibs.

Pine Needle Sandstone Buff Latle Mocha
3396-X 96074 6524 6530
11b. 1.5 Ibs. 1lb. 1lb.

Buckskin Doeskin Dark Buff
6524 6530 6524

2 Ibs. 3 Ibs. 3 lbs.
Fawn Boulder Cinnamon
1300 6567 1300

5 lb. 11b. 11b.

Willow Maple Camel Autumn
RRET BRRT ARAN RRR7

Mission Terra Coilta Coral Red
130 110 13n




We May Make Errors in Reading This Figure

Global Warming Predictions

2070-2100 Prediction
vs. 1960-1990 e
Average "3

Based on HadCM3

0 1 2 3 4 3] 6 £
Temperature Increase (°C)




Spectrum Sequence

K .
$°
be
R

* The whole spectrum sequence is not perceptually ordered.
e Part of the spectrum is.

* To use spectrum sequence, you should provide color keys.
e Ordering colors according to their luminance.



~

57

=

VA SR 16

_,H‘r' 0) £
BGIR T
Ry




Unigue Hues

e Six basic colors

. .
)
>
o

* Cross-Culture Names

SE SE T




Semantics of Color

* Could be culture-dependent

* DANGER

NO ENTRY
A







Inadequacy of the Second Paradigm

 Success of GUIs has made PCs a Computer
o . . on every

ubiquitous and deeply integrated desk and i

into people’s work and life. ey home

* People need computers to do more,
supporting all kinds of interactions.




Inadequacy of the Second Paradigm

* Success of GUIs has made PCs ubiquitous
and deeply integrated into people’s work
and life.

* People need computers to do more,
supporting all kinds of interactions.

P

P

* Individual cognition is inadequate to design.
 Must consider other contextual factors.



Phenomenologicaliy-Situated




* Phenomenologically
- FTEHRE MEZAETH
* Phenomenology: how we experience
* Meaning: HPMAZEHEIRNEMAE TR GRIAEUAA)
e Situated
s FERE: AT
* Meaning: 1% S 4b#h A
 Put them together: INE FAE THEIEIRILT

* Interaction is determined by who the user is, what the user knows, where the
user is, what the user is doing, with whom the user is, ....

* Must consider the complexity of user, his/her experience/view/knowledge/skill, task,
environment, and other relevant factors.




Fundamental Difference in Design between
the 3 and the Previous 2 Paradigms

e Research under the first two paradigms usually seeks one single
design that can be broadly generalized various situations.
* Mouse is more efficient for most people.in most application domains.
* Progress bar is preferred by most users to understand the progress of a task.

* Research under the third paradigm does not seek single answer, but
provides “thick description‘to instigate a design process”, the results
of which are open and not necessarily optimal.

e Each individual is different, so may carry out the same task very differently.



An Example:
Subway Map vs. High-Speed Rail Map

* London underground map as the exemplar for subway maps
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P Textphone
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Website
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UNDERGROUND

Under construction

© Transport for London
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Another Example

* While touch-based
interaction lets senior
citizens enjoy smart phones,
why is it so hard for them to
be the master of their
phone?

“Leave the cell phone ., | if it rings, people
will vee vou don'’t know how to answer 1.



Desigh Methods

* Requirement acquisition
* Becoming the most important component in the whole process
* Heavily qualitative-oriented
* No hypothesis, no pre-determined position, extracting meaning from subjects from interview/field study)
* Thick description on the first-hand experience of subjects
* Who they are, what they usually do, what vocabulary they use, how they interact with technologies, etc.

* Qutcomes are often a set of design requirements that are generated from the perspective of subjects, indeterminate,
and results of compromise.

* Design
* Integrating complex contextual factors
* No longer just a device, a widget, a page, a single task.
» Often a process, a series of tasks, ...
* Drawing on theories from social science, humanity, etc.
* Social cognition becomes one of the foundations for design.

* Evaluation
* Usability study is inadequate, because efficiency is no longer the focus.
* Experience, emotion, user adherence, ...
* Long term evaluation is preferred.



Contribution of This Paradigm

* Fully recognizing the complexity of human activities and inadequacy
of engineering-oriented, computer-science-oriented approaches in
interaction design

* No silver bullet

* Promoting the integration of engineering, computer science, social
science, design, and other relevant disciplines



Success of This Paradigm

Not necessarily consciously adopted by designers

iPhone vs. Android
* Considering user experience, user knowledge, ...
* Function difference is minimal, but with very diiferent interaction experience.

Facebook vs. WeChat

* Considering the social and cultural characteristics
e Both are about social networking, but under different cultural considerations.
» Strangers vs. Friends

Mobile payment in USA and China
* Considering the infrastructure factors.
* Mobile payment in USA

* Credit card on a phone: convenience is insignificant.
* The earliest mobile payment system | saw was around 2006 in USA
* Using SMS
* Mobile payment in China
» Skipping the credit card stage.
e Support from banks (?).



More and More Successful
Products and Services

* Due to the intentional or unintentional use of this paradigm

 Companies can collect more high-quality data.
* To understand users and their situations
* To understand they needs and performances

 Companies can iterate designs maore quickly and frequently.
* Mobile apps in particular.

* In a sense, the paradigm becomes data-driven, phenomenologically-
situated

e Potential dangers: data may not reflect the truth.



Challenges of This Paradigm

* Most complicated methods

e Hard for an individual to master all necessary methods
e Qualitative methods for interview and field study
* Interaction design and implementation

* Indeterminate results

* Many people have problems with results from non-positivism methods.
* Not hard matrix for comparison: subjective or objective
* Personal interpretations: bias
* Limited generality: science is about true knowledge that can be generalized.



Relevance of This Paradigm to
Visualization System Design?



Embedding Meaning in Visualization





















"A picture is worth a thousand words"

 We human beings are very good at picking up the meaning of visual
objects.
* A small fraction of a second.

 However, not every picture can be quickly picked up.



Design Implications

* Making objects easy to identify
* Using typical members or instances of their class
* Showing from a typical viewpoint
* Presenting structural relationships clearly.

* E.g., Icon design
* Don't invent new icons uniess it is absolute necessary.



Sometimes, it is very hard to
come up with a picture to
describe an object, an action, a
oroperty, etc.



Visual vs. Verbal Language

* Visual representations are not always the best choices.

e Often, we need help from verbal language!
* When are images most effective?
* When are words and other formal syinbols most effective?
* |f both images and words are used, how should they be combined?



Hybrid Approach: Visual + Verbal

w Google News - Mozilla Firefox w Google Mews - Mozilla Firefox

File Edit Niew History Bookmarks Tools Help File Edit View History Bookmarks Tools Help

6 - 7y I@ http://news.geogle.com/ Back Forward - Reload Step  Home | §2 http://news.google.com/
J@Googleﬂews | + | 2 Google News |+ |

w Google Mews - Mozilla Firefox
File Edit View History Bookmarks Tools Help

& - . cC o

Back  Forward Reload Stop Haome

G2 http://news.google.com/

| © Google News [+
(& MSN.com - Windows Internet Explorer EI
T ‘\t http:/fwww.msn.com/ v| @ ‘ +y ‘ X ‘ ‘ Bing p v|
X@Snagitar'_;f ‘x &~

T@f @ Suggested Sites = & Web Slice Gallery >

&

W
\t MS5M.com & T R{ = Eég M 5_9.'0' J"]v :-fv [@]v

T'_QT} @ Suggested Sites v @ | Web Slice Gallery ~

&

Tﬁ? Favorites

>

W MSN.com "o Home ~ [ Feeds ()~ [=] Read Mail gégprint + Pagew Safetyv Toolsw [@JHelpv




Novelty vs. Consistency

* Evolutionary design is better than revolutionary design.
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Cultural Background of Users

123


Presenter
Presentation Notes
The more ‘concrete’ the concept, the easier it is to represent.

Eg., Printing is a concrete operation, and the above icon is almost universally used to represent this process.

But, can you guess what the other icon represents?

It is print preview. 

How could a magnifying glass be related to ‘Print preview’ - is this a ‘good’ representation of that process?  Could it be confused with icons from other packages?  

Culture issues. 

You all know this icons, right? It is the trash can in Mac. It is pretty similar to the trash can used in the United States. How about in other countries where trash cans do not look like this.

I mentioned the folder icon before. By seeing this icon, you will know it is used for organize documents. When I first saw it, I had know idea how it could be related to the organization of files. I never saw a folder in China like this before. Its translation in China is this. To me, this icon did not mean anything about document management.




Knowledge and Skills of Users
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http://hci.stanford.edu/jheer/files/zoo/ex/networks/matrix.html
http://hci.stanford.edu/jheer/files/zoo/ex/networks/force.html

Task Considerations:
Examples of Social Network Visualization

* Beyond abstract nodes and edges
* Want to know what social factors may contribute to the relationships.

 Network data

 Attribute data oo
O ..
® @ .
] O
o |® g ®
7
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Other Issues

* How to represent social activities?
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Task Considerations: Text Visualization

e What Comes to Your Mind?






Number of Documents
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Considerations of Analytics Processes:
A Good Interactive System Should Match
Users’ Habits.



How Can We Offer A Smooth
Analytical Process?



Three Levels of User
(Based on Learning T

Goals and needs

neory)

nteraction

Knowledge-based a;\& Analysis and Evaluation and choice Analysis of meaiis
?0"”‘;" based) > identification > of goal and task and plannirig
Reading symbols
|__ 4
Rule-based - -
Ct;lntrol —» Recognition of cues [— Association cue / task |— 'S(;:?'a%‘t’i;i‘;i'::
(know-how)
Looking for cues
. Y
Skill-based Foature formation (signs) Automated sensorimotor
(c::ttcl;?r!l atic) Seeing chariges movements and routines

f

Sensory information
(multiple channels)

A schematic of Rasmussen’s theory of performance. (Adapted from Rasmussen 1983)

: l

Signals Movements

We Need to Know Users Better:

Who they are

What they usually do
What tools they use
How they interact with
technologies .



Considerations of Societal Issues
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Implications for
Visualization Design?



s This Type of Task Analysis Sufficient?

A Multi-Level Typology of Abstract Visualization Tasks

Matthew Brehmer and Tamara Munzner, Member, IEEE

Abstract—The considerable previous work characterizing visualization usage has focused on low-level tasks or interactions and high-
level tasks, leaving a gap between them that is not addressed. This gap leads to a lack of distinction between the ends and means
of a task, limiting the potential for rigorous analysis. We contribute a multi-level typology of visualization tasks to address this gap,
distinguishing why and how a visualization task is performed, as well as what the task inputs and outputs are. Our typology allows
complex tasks to be expressed as sequences of interdependent simpler tasks, resulting in concise and flexible descriptions for tasks
of varying complexity and scope. It provides abstract rather than domain-specific descriptions of tasks, so that useful comparisons
can be made between visualization systems targeted at different application domains. This descriptive power supports a level of
analysis required for the generation of new designs, by guiding the translation of domain-specific problems into abstract tasks, and
for the qualitative evaluation of visualization usage. We demonstrate the benefits of our approach in a detailed case study, comparing
task descriptions from our typology to those derived from related work. We also discuss the similarities and differences between our
typology and over two dozen extant classification systems and theoretical frameworks from the literatures of visualization, human-
computer interaction, information retrieval, communications, and cartography.

Index Terms—Typology, visualization models, task and requirements analysis, qualitative evaluation

@ why? @ how?
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Fig. 1. Our multi-level typology of abstract visualization tasks. The typology spans why, how, and what; task descriptions are formed by nodes from
each part: a) why a task is performed, from high-level (consume vs. produce) to mid-level (search) to low-level (query). b) how a task is executed
in terms of methods, defined as families of related visual encoding and interaction techniques. c) what the task inputs and outputs are.



ln Summary

* Interaction design concerns different kinds of design goals.

* Physical devices, user interfaces, a process to carry out a task, a
service, etc.

* Different design goals require different methods.
* Engineering-oriented, user-centered, situated

* Understanding interaction designs in visualization systems
can be guided by three research paradigms in HCI

* Human-factor, cognitive revolution, phenomenologically-situated



In Summary (Cont’)

* Three paradigms ask different kinds of questions

 Human-factor: can people operate a device faster with fewer error?
* Cognitive revolution: can people interact with a systern with less cognitive effort?

* Phenomenologically-situated: can people carry out a task in the real world with appropriate
tools, without being aware of the constraints imiposed by technology and environments, and of

course with few error and less cognitive effort.
* Design challenges nowadays often reaqiiire the consideration of the integration of

these three paradigmes.
* Specific interaction devices/systems for a particular group of people to carry out a given task

* E.g., a web browser for blind people

 What you need to do ...
* Understanding the basic characteristics of users, technology, and contextual factors (as much as

possible)
* Being able to Identify the central design tasks and then choose appropriate design methods

* Grasping necessary skills and methods.
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