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About Myself
• Current position

• Associate Professor at IST@Penn State
• Research area: Human-Computer Interaction (HCI), Visual Analytics

• Current projects
• Design methods for gesture-based interaction
• Visual analytics research paradigm
• Visual analytics on MOOC data, data-mining algorithms, etc.

• Teaching interests: Research methods, visual analytics, HCI foundations
• Education

• Ph.D. in Information Science from University of Michigan
• M.E. and B.E. from Tsinghua University, China

• http://zhang.ist.psu.edu
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Visualization Systems vs. 
InfoGraphics
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• Interaction design is …

What Are Your Interpretations of Interaction Design?
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Are These Different 
Interpretations Related?

How?
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A Research-Paradigm Perspective
• Basic idea

• Using three major research paradigms in HCI as the foundation to (roughly)
categorize interaction designs

• Human-Factors
• Cognitive revolution
• Phenomenologically-situated

• 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 (范式)
• Paradigm

• Exemplar
• “situations where a standard model was to be followed 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“

• Paradigm shift
• Each discipline has its own stable research paradigm.
• An old paradigm will be replaced with a new paradigm.
• 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

• 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
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Human Factor
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Human Factor
• Basic views

• Human users are an important factor, if not 
more important than others, in an 
interactive system.

• Other factors: machines, environment, etc.
• Design is to fit man into a system.
• Design constraints are largely from the 

physical constraints of human body and 
other factors that can directly affect the 
performances of human physical 
movements.

• Research practices
• Developing models that predict human 

behaviors (usually physical movements)
• Designing systems to simplify interactive 

movement.
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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
• 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 ball, etc.

• Evaluation
• Experiment-oriented

• Measuring matrix: task efficiency, error rates
• Subjects:  few

• Homogeneity in performance by targeted operators
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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.
• Quite successful in the era before information 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 tools to 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 UI design
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Some Examples under the First Paradigm
• Fitts’s law

• Mouse vs trackball
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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.

• 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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Selection of a rule        1.35

Move cursor to “quick”     1.10

Double-click mouse button  0.40

Move cursor to “brown”     1.10

Shift-click mouse button   0.40

Move cursor to Edit menu   1.10

Click mouse button      0.20

Move cursor to “Cut”     1.10

Click mouse button      0.20

Selection of a rule    1.35

Move cursor before “fox”   1.10

Click mouse button      0.20

Selection of a rule    1.35

Move cursor to Edit menu   1.10

Click mouse button      0.20

Move cursor to “Copy"      1.10

Click mouse button      0.20
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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
• NYNEX new workstation in 1988.

• Better technologies: new keyboard, new UI, new display, etc.
• Slower: critical work paths were longer.
• Cost $2 million more per year.
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Challenges of This Paradigm
• Rigid and passive views on the roles of human operators

• Factor vs. actor
• E.g., heavy burden on learning a UI.

For 
int

ern
al 

us
e o

nly
, p

lea
se

 do
n't

 di
str

ibu
te 

with
ou

t th
e p

erm
iss

ion
 of

 th
e a

uth
or.



Emacs Command Key Combinations
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Challenges of This Paradigm
• Rigid and passive views on the roles of human operators

• Factor vs. actor
• E.g., heavy burden on learning a UI.

• Failed to fully release the powers of human 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
• Engineering practices (hacking)

• Ignorance on large contextual factors (e.g., group, social, societal factors)
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An Example of Research Paper

https://www.yorku.ca/mack/CHI91.html
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Is This Paradigm Relevant to 
Designing Visualization Systems? 
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Cognitive Revolution
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Cognitive Revolution

• Cause: main frames  personal computers
• General purpose systems
• Heterogeneous users
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This Is What A User Interface Used to Be …
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This Is What A Text Editor Looked Like …
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Troubles for Ordinary Users
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Do We Have Similar Problems in 
Visualization/Visual Analytics Systems?
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Cognitive Revolution
• Cause: main frames  personal computers

• 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

• Supportive roles in input

• 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
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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
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Model Human Processor (MHP)
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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 UI based on visual perception principles

• Icons, color choices, etc.
• Organization of UI components based on user mental models

• Organization of UI components (e.g., menu, task bar, etc.)
• Innovation of UIs in general
• Improvement of UI components

• 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

For 
int

ern
al 

us
e o

nly
, p

lea
se

 do
n't

 di
str

ibu
te 

with
ou

t th
e p

erm
iss

ion
 of

 th
e a

uth
or.



Example: Automaticity

• Automatic processing
• 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.
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46

Example: Icon Design

• Understanding the meaning of an icon depends individual experiences

• User preferences may vary significantly.
• Need large samples
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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

• Systems as a part of human cognition (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 UI design specifically

• Mental model (e.g., desktop UI)
• Distributed cognition (e.g., UI for group)
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Success of This Design Paradigm

• Graphical User Interface (GUI)
• Recall vs. recognition
• Visually guided interactions
• GUI makes computer easy to use

• Various information visualization 
designs for different data types

• Long list, table, tree, networks, etc.
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Mental Model (Metaphor)

?
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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.
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Desktop
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Room
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Book
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UI Organization
• Menu (List)
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Icon 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. 
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The Bad
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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?
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The Ugly 
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Presentation Notes
What do these icons represent to you? 



What Lessons Can We Draw 
from This Paradigm to Help the 
Design of Visualization Systems?
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How to Draw Users’ Attention?
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What Stands Out?
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What Objects Stand Out?
Pop Out Effect
• Objects with certain unique features will pop out of the distracters in

the background.
• The number of distracters does not matter.
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Pop Out Effect

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

• 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.
• 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.
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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 motion
• TV commercials For 
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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
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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


How We Perceive Spatial Form, 
Shape, Structure, and Patterns? 
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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
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Goal-Oriented Eye Movement 
• We must rely on eye movement

to see the world better.
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Accurate Representations

• We often use graphs to compare measures.
• Can we human beings accurately tell the difference between graphs?
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Using Brightness to Represent Values
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Use Color?
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Skirt Color: White-Gold or Black-Blue
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Why?

For 
int

ern
al 

us
e o

nly
, p

lea
se

 do
n't

 di
str

ibu
te 

with
ou

t th
e p

erm
iss

ion
 of

 th
e a

uth
or.



Our Visual Perception Is More 
about the Difference between 
External Information, Rather 

Than Absolute Values! 
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We May Make Errors in Reading This Figure

For 
int

ern
al 

us
e o

nly
, p

lea
se

 do
n't

 di
str

ibu
te 

with
ou

t th
e p

erm
iss

ion
 of

 th
e a

uth
or.



Spectrum Sequence

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

• To use spectrum sequence, you should provide color keys.
• Ordering colors according to their luminance.
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Unique Hues

• Six basic colors

• Cross-Culture Names
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Semantics of Color 
• Could be culture-dependent
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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.
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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.

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

.
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Phenomenologically-Situated
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Phenomenologically and Situated

• Phenomenologically
• 字面意思：现象学角度下的
• Phenomenology: how we experience
• Meaning:  由个人经验和意识的结构角度下的（强调主观视角）

• Situated
• 字面意思: 位于…
• Meaning: 设身处地的

• Put them together: 现象学角度下的情境设计
• 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.
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Fundamental Difference in Design between 
the 3rd and the Previous 2 Paradigms
• 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.

• Each individual is different, so may carry out the same task very differently.
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An Example: 
Subway Map vs. High-Speed Rail Map
• London underground map as the exemplar for subway maps
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Really?
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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?
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Design 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.
• Outcomes 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.
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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
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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 different interaction experience.

• Facebook vs. WeChat
• Considering the social and cultural characteristics
• 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 I saw was around 2006 in USA

• Using SMS
• Mobile payment in China

• Skipping the credit card stage.
• Support from banks (?).
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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 more quickly and frequently.
• Mobile apps in particular.

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

• Potential dangers: data may not reflect the truth. 
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Challenges of This Paradigm
• Most complicated methods

• Hard for an individual to master all necessary methods
• 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. For 
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Relevance of This Paradigm to 
Visualization System Design?
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Embedding Meaning in Visualization
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"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.
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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 unless it is absolute necessary.
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Sometimes, it is very hard to 
come up with a picture to 

describe an object, an action, a 
property, etc.
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Visual vs. Verbal Language

• Visual representations are not always the best choices.
• Often, we need help from verbal language!

• When are images most effective?
• When are words and other formal symbols most effective?
• If both images and words are used, how should they be combined?
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Hybrid Approach: Visual + Verbal
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Novelty vs. Consistency

• Evolutionary design is better than revolutionary  design.
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Cultural Background of Users
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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
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Other Issues

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

• What Comes to Your Mind?
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Considerations of Analytics Processes:
A Good Interactive System Should Match 

Users’ Habits.
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How Can We Offer A Smooth 
Analytical Process?
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Three Levels of User Interaction 
(Based on Learning Theory)

We Need to Know Users Better:
• Who they are
• What they usually do
• What tools they use
• How they interact with 

technologies .
• .
• .
• .
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Considerations of Societal Issues
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Implications for 
Visualization Design?
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Is This Type of Task Analysis Sufficient?
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In 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-situatedFor 
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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 system 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 imposed by technology and environments, and of 
course with few error and less cognitive effort.

• Design challenges nowadays often require the consideration of the integration of 
these three paradigms.

• 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.

For 
int

ern
al 

us
e o

nly
, p

lea
se

 do
n't

 di
str

ibu
te 

with
ou

t th
e p

erm
iss

ion
 of

 th
e a

uth
or.



This Book May Be Helpful。
第一部分导论

第1章以用户为中心的系统设计简介
第2章以用户为中心的系统设计：简史

第二部分用户特性：ABCS框架
第3章人体测量学：用户身体的重要方面
第4章行为：关于用户的基础心理学
第5章认知：记忆、注意力和学习
第6章认知：心智表征、问题求解和决策
第7章认知：人与计算机的交流
第8章社会层面：社会认知和团队合作
第9章社会：理论和模型
第10章差错：人机系统性能中的固有部分

第三部分方法
第11章方法Ⅰ：任务分析
第12章方法Ⅱ：认知维度与鸿沟
第13章方法Ⅲ：实证评估

第14章总结
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Books on Visual Perception and Visualization
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Thanks!
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