
CSE 440: Introduction to HCI
User Interface Design, Prototyping, and Evaluation

James Fogarty
Daniel Epstein
Brad Jacobson
King Xia

Tuesday/Thursday
10:30 to 11:50
MOR 234

Lecture 17:
Closing Thoughts



Today

Informal Prototyping Fun

Experimental Design and Statistics Background

Usability Evaluation Considered Harmful

Presentation Feedback

Exam Q&A

Video Critiques



Informal Prototyping

Sketches are informal

allowing rapid iteration and greater exploration

Paper prototypes extend that to testing

person simulates the computing

These are core ideas, central to practice

so we taught them and you did them



Informal Prototyping

Two related ideas, each can be extended

keep representation lightweight and fast

Wizard of Oz simulation for prototype functionality

Heavily explored in research

think when you might benefit, go looking for ideas



Classic Examples: DENIM

Lin et al, CHI 2000
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Greenberg and Fitchett, UIST 2001
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Rapid Fabrication: Constructables

Mueller et al, UIST 2012
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Remember our Fitts’s Law study?

This course has focused on quickly getting 
information to allow you to improve design

Rich methods for experimental design and 
statistics needed when measurement is goal

Know some of this exists, learn it if you need it

These slides are a bag of keywords

One starting point

https://depts.washington.edu/aimgroup/proj/ps4hci/



Experimental Design and Statistics

Even seemingly simple experiment can 
be difficult or impossible to correctly analyze

Design and analysis are inseparable

Consider your experiment and analyses together

so you do not run an experiment you cannot analyze

Design finds a difference, statistics test it



Causality and Correlation

We cannot prove causality
We can only show strong evidence for it

Always something outside the scope of 
an experiment that could be the true cause

We can show correlation
Treatment changes, so does outcome

Hold all things equal but for one

Eliminate possible rival explanations

A negative result means little or nothing



Internal and External Validity

Internal Validity

Convincingly link treatments to effects and the 
experiment has high internal validity, it shows an effect

External Validity

An experiment likely to generalize beyond the things 
directly tested is said to have high external validity

Often at odds with each other



Achieving Control

Avoiding other plausible explanations

Often referred to as confounds

General Strategies

Remove and/or exclude

Measure and adjust

Spread effect equally over all groups

Randomization (assign randomly)

Blocking (assign balanced)



Variable Terminology

Factors: Variables of interest
one variable is a single-factor experiment

Levels: Variation within a factor
not necessarily binary

Independent Variables
variables you control

Dependent Variables
outcome measures

(they depend on your independent variables)



Factorial Designs

May have more than one factor

Factors may have multiple levels

A 2x2x3 study has 
two factors of two levels each 
and a third factor with three levels

Text entry method {Multitap, T9} x 
Number of hands {one, two} x 
Posture {seating, standing, walking}

Potential dependent variables?



Within and Between Subjects

Within-Subjects Designs

Each participant experiences multiple levels

Much more statistically powerful

Much harder to avoid confounds

Between-Subjects Designs

Each participant experiences only one level

Requires more participants

Avoids possible confounds, easier to analyze



Carryover Effects

Learning, fatigue

anything that transfer between within-subject tasks

Counterbalanced designs help mitigate

e.g., Latin square



p values

The statistical significance of a result is generally 
summarized as a p value (N is not enough)

p is the probability the null hypothesis is true 
(there is no difference)

The same experiment, run 1 / p times, would 
generate this result by random chance

p < .05 is an arbitrary but widely used threshold 
of statistical significance



p and Normal Distributions

Given a mean and a 
variance, assuming a 
Gaussian distribution 
allows estimating the 
likelihood of a value

Thus, parametric tests 
(most common tests) 
assume data is from 
normal distributions



Some Tests

t test
single factor, possibly multiple levels

F test
multiple factors
linear regressions fits equation to variables
main effects (impact of single factor) 
interactions (relationship between factors)

Chi Square test
comparing proportions

Non-Parametric tests
data from non-normal distributions



Concern for Fishing

Bad form to simply test things until you find 
something significant, then to report that

Comparisons should be theoretically motivated

Recall the definition of p
Unprincipled comparisons increase 
risk of falsely identifying a result

Because if you test enough things, 
something is bound to be significant

See Tukey’s Honestly Significant Difference

See Sequential Bonferroni Procedure
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Usability Evaluation Considered Harmful

http://dx.doi.org/10.1145/1357054.1357074

Greenberg and Buxton, CHI 2008

http://dx.doi.org/10.1145/1357054.1357074


Usability Evaluation Considered Harmful
Some of the time

Saul Greenberg 
University of Calgary

Bill Buxton
Microsoft Research



Warning: Opinions Ahead



Source: stadtherr.com/Rock_Throwing.jpg /

Warning: Opinions Ahead



Warning: Opinions Ahead



An anti usability rant?

Bill
• Tohidi, M., Buxton, W., Baecker, R. & Sellen, A. (2006).  Getting the Right Design and 

the Design Right: Testing Many Is Better Than One.  Proceedings of the 2006 ACM 
Conference on Human Factors in Computing Systems, CHI'06, 1243-1252. 

• Owen, R., Kurtenbach, G., Fitzmaurice, G., Baudel, T. & Buxton, W. (2005). When it 
Gets More Difficult, Use BothHhands - Exploring Bimanual Curve Manipulation. 
Proceedings of Graphics Interface, GI'05, 17-24.. Buxton, W., Fitzmaurice, G.  
Balakrishnan, R. &  Kurtenbach, G. (2000). Large Displays in Automotive Design.  IEEE 
Computer Graphics and Applications, 20(4), 68-75. 

• Fitzmaurice, G. & Buxton, W. (1997). An empirical evaluation of graspable user 
interfaces: Towards specialized space-multiplexed input. Proceedings of the 1997 
ACM Conference on Human Factors in Computing Systems, CHI '97, 43-50.

• Leganchuk, A., Zhai, S.& Buxton, W. (1998).Manual and Cognitive Benefits of Two-
Handed Input: An Experimental Study. Transactions on Human-Computer 
Interaction, 5(4), 326-359.

• Kurtenbach, G., Fitzmaurice, G., Baudel, T. & Buxton, W. (1997). The design and 
evaluation of a GUI paradigm based on tabets, two-hands, and transparency. 
Proceedings of the 1997 ACM Conference on Human Factors in Computing Systems, 
CHI '97, 35-42.

• MacKenzie, I.S. & Buxton, W. (1994). Prediction of pointing and dragging times in 
graphical user interfaces Interacting With Computers, 6(4), 213-227. 

• Kurtenbach, G., Sellen, A. & Buxton, W. (1993). An empirical evaluation of some 
articulatory and cognitive aspects of "marking menus." Human Computer 
Interaction, 8(1),. 1-23. 

• MacKenzie, I.S., Sellen, A. & Buxton, W. (1991). A comparison of input devices in 
elemental pointing and dragging tasks. Proceedings of CHI '91, ACM Conference on 
Human Factors in Software, 161-166

• Buxton, W. & Sniderman, R. (1980). Iteration in the Design of the Human-Computer 
Interface. Proceedings of the 13th Annual Meeting, Human Factors Association of 
Canada, 72-81.

…

Saul
• Tse, E., Hancock, M. and Greenberg, S. (2007) Speech-Filtered Bubble Ray: Improving 

Target Acquisition on Display Walls. Proc 9th Int'l Conf. Multimodal Interfaces (ACM 
ICMI'07), (Nov. 12-15, Nagoya, Japan). ACM Press.

• Neustaedter, C., Greenberg, S. and Boyle, M. (2006). Blur Filtration Fails to Preserve 
Privacy for Home-Based Video Conferencing. ACM Transactions on Computer Human 
Interactions (TOCHI), 13, 1, March, p1-36.

• Smale, S. and Greenberg, S. (2005) Broadcasting Information via Display Names in 
Instant Messaging. Proceedings of the ACM Group 2005 Conference, (Nov 6-9, 
Sanibel Island, Florida), ACM Press. 

• Kruger, R., Carpendale, M.S.T., Scott, S.D., and Greenberg, S. (2004)  Roles of 
Orientation in Tabletop Collaboration: Comprehension, Coordination and 
Communication. J Computer Supported Cooperative Work, 13(5-6), Kluwer Press.

• Tse, E., Histon, J., Scott, S. and Greenberg, S. (2004). Avoiding Interference: How 
People Use Spatial Separation and Partitioning in SDG Workspaces. Proceedings of 
the ACM CSCW'04 Conference on Computer Supported Cooperative Work, (Nov 6-
10, Chicago, Illinois), ACM Press.

• Baker, K., Greenberg, S. and Gutwin, C. (2002) Empirical development of a heuristic 
evaluation methodology for shared workspace groupware. Proceedings of the ACM 
Conference on Computer Supported Cooperative Work, 96-105, ACM Press.

• Kaasten, S. and Greenberg, S. and Edwards, C. (2002) How People Recognize 
Previously Seen WWW Pages from Titles, URLs and Thumbnails. In X. Faulkner, J. 
Finlay, F. Detienne (Eds) People and Computers XVI (Proceedings of Human 
Computer Interaction 2002), BCS Conference Series, 247-265, Springer Verlag.

• Steves, M.P., Morse, E., Gutwin, C. and Greenberg, S. (2001).  A Comparison of Usage 
Evaluation and Inspection Methods for Assessing Groupware Usability.  Proceedings 
of ACM Group'01 Conference on Supporting Group Work, 125-134, ACM Press.

• Zanella, A. and Greenberg, S. (2001)  Reducing Interference in Single Display 
Groupware through Transparency. Proceedings of the Sixth European Conf 
Computer Supported Cooperative Work (ECSCW 2001), September 16-20, Kluwer. 

…



Usability evaluation if wrongfully applied

In early design

– stifle innovation by quashing (valuable) ideas 

– promote (poor) ideas for the wrong reason

In science

– lead to weak science

In cultural appropriation

– ignore how a design would be used in everyday practice



The Solution - Methodology 101

the choice of evaluation methodology - if any –
must arise and be appropriate for the actual 
problem, research question or product under 
consideration



Changing how you think

• Usability evaluation

• CHI trends

• Theory

• Early design

• Science

• Cultural appropriation



Part 1. Usability Evaluation



Usability Evaluation

assess our designs and

test our systems to ensure that they actually 

behave as we expect and

meet the requirements of the use

Dix, Finlay, Abowd, and Beale 1993



Usability Evaluation Methods

Most common (research):

• controlled user studies

• laboratory-based user observations

Less common

• inspection

• contextual interviews

• field studies / ethnographic

• data mining

• analytic/theory 

• …





Part 2. CHI Trends



CHI Trends (Barkhuus/Rode, Alt.CHI 2007)

qualitative

quantitative

none

analytic
informal

2007



CHI Trends (Barkhuus/Rode, Alt.CHI 2007)

2007

usability evaluation
in industry



2007

CHI Trends

User evaluation is now
a pre-requisite for
CHI acceptance Qualitative    25%

Quantitative 70%



CHI Trends (Call for papers 2008)

Authors

“you will probably want to demonstrate ‘evaluation’ 
validity, by subjecting your design to tests that 
demonstrate its effectiveness ”

Reviewers

“reviewers often cite problems with validity, rather 
than with the contribution per se, as the reason to 
reject a paper”



HCI Education

http://www.amazon.ca/gp/product/images/1841500208/sr=8-23/qid=1206549606/ref=dp_image_0?ie=UTF8&n=916520&s=books&qid=1206549606&sr=8-23
http://www.amazon.ca/gp/product/images/1841500208/sr=8-23/qid=1206549606/ref=dp_image_0?ie=UTF8&n=916520&s=books&qid=1206549606&sr=8-23
http://www.amazon.ca/gp/reader/0471594032/ref=sib_dp_pt#reader-link
http://www.amazon.ca/gp/reader/0471594032/ref=sib_dp_pt#reader-link


HCI Practice

Source: http://www.xperienceconsulting.com/eng/servicios.asp?ap=25



Dogma

Usability evaluation = validation = CHI = HCI



Part 3. Some Theory



Discovery vs Invention (Scott Hudson UIST ‘07)

Discovery

• uncover facts

• detailed evaluation 

Understand what is

Invention

• create new things

• refine invention 

Influence what will be
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Part 4. Early Design

Breakthrough Replication



Memex Bush



Unimplemented and untested design. 
Microfilm is impractical. The work is 
premature and untested. 

Resubmit after you build and evaluate 
this design.



We usually get it wrong



Early design as working sketches

Sketches are innovations valuable to HCI



Early design

Early usability evaluation can kill a promising idea

– focus on negative ‘usability problems’

idea
idea

idea

idea



Early designs

Iterative testing can promote a mediocre idea

idea1
idea1

idea1

idea1

idea1



Early design

Generate and vary ideas, then reduce

Usability evaluation 
the better ideas

idea5

idea4

idea
3

idea2 idea5

idea6 idea7

idea8

idea
9

idea5

idea1



Early designs as working sketches

Getting the design right

Getting the right design

idea1
idea1

idea1

idea1

idea1

idea5

idea4

idea
3

idea2 idea5

idea6 idea7

idea8

idea
9

idea5

idea1



Early designs as working sketches

Methods:

– idea generation, variation, argumentation, design critique, 
reflection, requirements analysis, personas, scenarios 
contrast, prediction, refinement, …

idea5

idea4

idea
3

idea2 idea5

idea6 idea7

idea8

idea
9

idea5

idea1



Part 6. Science

Empiricism Theory



I need to 
do an 
evaluation



What’s 
the 
problem?



It won’t get 
accepted if I 
don’t. Duh!



Source: whatitslikeontheinside.com/2005/10/pop-quiz-whats-wrong-with-this-picture.html



Research process

Choose the method then define a problem

or

Define a problem then choose usability evaluation

or

Define a problem then choose a method to solve it





Research process

Typical usability tests

– show technique is better than existing ones

Existence proof: one example of success



Research process

Risky hypothesis testing

– try to disprove hypothesis

– the more you can’t, the more likely it holds

What to do:

– test limitations / boundary conditions

– incorporate ecology of use

– replication



Part 6. Cultural Appropriation

Automation Maturity



Memex Bush



1979 Ted Nelson
1987 Notecards

1992 Sepia 1993 Mosaic

1945 Bush

1989 ACM

1990 HTTP













Part 7. What to do



Evaluation



More
Appropriate 
Evaluation



The choice of evaluation methodology - if any –
must arise and be appropriate for the actual 
problem or research question under consideration

argumentation case studies
design critiques field studies
design competitions cultural probes 
visions extreme uses 
inventions requirements analysis
prediction contextual inquiries
reflection ethnographies
design rationales eat your own dogfood

… …



We decide what is good 
research and practice



There is no them



Only us



Remember Both Sides of this Course

This course emphasize both

Getting the Right Design

Getting the Design Right

Many people fall into a trap of the latter

Be mindful of your methods
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VIEWPROGRESS Interface 

Animation



PROBLEM

COFFEE -$3.49
MOVIES  -$11.20

ICE CREAM -$4.42
COFFEE -$3.89

DINNER -$7.79
COFFEE -$4.89
BOWLING  -$10.20

BRUNCH -$11.42
KIT KAT -$0.99

LUNCH -$5.49

BEER -$4.00

Gratuitous 

Animation
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