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Introduction

n Why evaluate tools?
- n Evaluation allows
Fvaluations u users to select best tool
S Miroarey Vi Tools u computer scientists to design better tools
zdy”zccl n Goal of visualization is to increase insight
e n Depending on user, different types of insight are sought so

different tools might be more appropriate
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Types of Evaluations

N n Controlled experiments
| Introduction | u mOSt r|g0r0us
: :
| Problems in Perorming u dependent and independent variables
Evaluations
Study 1 - Microarray Viz Tools n Usablllty teStIng
Sy 2 HOE u evaluate and solve user interface problems
Overall Conclusions n Metrics, Heuristics, and Models
Reforences u experts inspect user interfaces using metrics, heuristics,

or models (not empirical)

Longitudinal and Field Studies

u tools are complementary as opposed to stand-alone
products

u long-term usage for real tasks

Surveys
u questionnaires
u interviews

5

5
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Problems in Performing Evaluations

s n Controlled experiments

| Tyes of vaaions u limited research questions can be explored (due to
control)

Study 1.- Microarray Viz Tools u dependent and independent variable breakdown not
Study 2 - HOE alwasy possible

Overal Conclusions u may distort participant behavior

Refrences n Longitudinal studies

u more meaningful results, but more labor intensive and
results are harder to quantify and compare

n Survey
u can provide both gualitative and quantitative data, but
must be careful for bias (participants' mood, willingness to
participate, and other external factors)

Vlad Morariu and Abhinav Gupta, March 7, 2006 Evaluating Visualization Tools - p. 4/26




Insights - De nition

Introduction n An Individual observation about the data by the participant, a

unit of discovery.

. n Recognized in think-aloud format.

Datasets for Visualization

|

| Experimental Design

| Results

| Data Speci ¢ Performance

| Other Measures

| Summary of Insight Results
| Cumulative Insights

| Other Observations

| Conclusion

Study 2 - HCE

Overall Conclusions

References
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Insights - Characteristics

Introduction n FaCt
Study 1- Microaray Viz Toos u The actual nding about the data.

| Insights - De nition

n Time

| Datasets for Visualization

Experimental Design .
Results n Domaln Value
Data Speci ¢ Performance

Summary of Insight Results

Cumulative Insights n Breadth VS Depth

Other Observations

|
|
|
| Other Measures n HypOtheseS
|
|
|
|

Conclusion n Directed vs. Undirected
Study 2 - HCE

n Correctness
n Category

Overall Conclusions

References
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Insights - Characteristics

Introduction n FaCt
Study 1 - Microarray Viz Tools .
| Insights - De nition n TI m e

u Time to reach the insight.

| Datasets for Visualization

Experimental Design .
Results n Domaln Value
Data Speci ¢ Performance

Summary of Insight Results

Cumulative Insights n Breadth VS Depth

Other Observations

|
|
|
| Other Measures n HypOtheseS
|
|
|
|

Conclusion n Directed vs. Undirected
Study 2 - HCE

n Correctness
n Category

Overall Conclusions

References
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Insights - Characteristics

Introduction n FaCt
| Insights - De nition

Study 1 - Microarray Viz Tools .
n Time
-
| Datasets for Visualization n D O m a.l n Val U e

e u Signi cance of Insight

oo » Trivial (1-2 points)

e n Insight about process (3 points)

| Oter Observtions » Insights that Con rmed, denied or created hypothesis

(4-5 points)
n Hypotheses
e n Breadth vs. Depth
n Directed vs. Undirected
n Correctness
n Category

Study 2 - HCE
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Insights - Characteristics

Introduction n FaCt
| Insights - De nition

Study 1 - Microarray Viz Tools .
n Time
-
| Datasets for Visualization n D O m a.l n Val U e

Experimental Design

Resuls n Hypotheses

Data Speci ¢ Performance

|

|

| . .

| Other Measures u Insights lead to some new hypothesis or research
|

|

|

|

Summary of Insight Results . .
Cumulative Insights d I re Ctl O n

Other Observations

Conclusion n Breadth VS. Depth
Study 2 - HCE n Directed vs. Undirected
Overall Conclusions
n Correctness
n Category

References
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Insights - Characteristics

Introduction n FaCt
| Insights - De nition

Study 1 - Microarray Viz Tools .
n Time
-
| Datasets for Visualization n D O m a.l n Val U e

Experimental Design

Resuls n Hypotheses

Data Speci ¢ Performance

Other Measures n Breadth VS Depth

|
|
|
|
| Summary of Insight Results
|
I
I

Cumaive e u Overview of Process or Detailed/focused insights
Conclusion n Directed vs. Undirected
Study 2 - HCE

n Correctness
n Category

Overall Conclusions

References
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Insights - Characteristics

Introduction n FaCt
| Insights - De nition

Study 1 - Microarray Viz Tools .
n Time
-
| Datasets for Visualization n D O m a.l n Val U e

Experimental Design

Resuls n Hypotheses

Data Speci ¢ Performance

: Other Measures n Breadth VS Depth

Summary of Insight Results

Cumulative Insights n DlreCted VS. Undlrected

Conclusion u Answer a speci ¢ question in Mind

Study 2 - HCE u Accidental Discoveries not being searched
Overall Conclusions n CorreCtneSS

n Category

Other Observations

References
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Insights - Characteristics

Introduction n FaCt
| Insights - De nition

Study 1 - Microarray Viz Tools .
n Time
-
| Datasets for Visualization n D O m a.l n Val U e

Experimental Design

|
| Results n Hypotheses
| Data Speci ¢ Performance
| Oner easures n Breadth vs. Depth

ummary of Insight Results
: n Directed vs. Undirected
I

Cumulative Insights
n Correctness
u Correct or Incorrect ?

n Category

Other Observations
Conclusion

Study 2 - HCE

Overall Conclusions

References
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Insights - Characteristics

Introduction n FaCt
| Insights - De nition

Study 1 - Microarray Viz Tools .
n Time
-
| Datasets for Visualization n D O m a.l n Val U e

Experimental Design

Resuls n Hypotheses

Data Speci ¢ Performance

:
|
: OtherMeasures_ n Breadth VS Depth
Summary of Insight Results
: Cumulative Insights n Dlrected VS. Undlrected
! n Correctness

n Category
u Overview
u Pattern
u Groups
u Detalls

Other Observations
Conclusion

Study 2 - HCE

Overall Conclusions

References
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Datasets for Visualization

Introduction n Tlme Serles

Sty L Miroary Ve Tols u 1060 genes over 5 time points of viral infection
nsignts - e nition

e " Viral Conditions

B u 861 genes for 3 related viral infections at 8 hrs post
Data Speci ¢ Performance | nfe Ctl O n

Other Measures

:
|
: Summary of Insight Results n Lupus V/S Contr0|
|
|

Cumulative Insights

Other Observations u 170 genes from 42 control (healthy) and 48 infected

Conclusion

people.

Study 2 - HCE

Overall Conclusions

References
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Experimental Design

Introduction n 30 S u bJ e CtS

I'Stlud)./ J;1t Mi;roarr.ay Viz Tools u D om al N EXp e rt
nsights - De nition . .
| Insights - Characteristics u D omain N ovice

| Datasets for Visualization

u Software Developers
| Results
5 Tools

Data Speci ¢ Performance

=)

Other Measures

|

:sUmmar_yofm_singesuns u Clusterview

| Oer Obearuations u TimeSearcher
| Conclusion U HCE

A u Spotre
SR u GeneSpring

References
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Introduction

Study 1 - Microarray Viz Tools

| Insights - De nition
| Insights - Characteristics
| Datasets for Visualization
| Experimental Design
| Data Speci ¢ Performance
| Other Measures
| Summary of Insight Results
| Cumulative Insights
| Other Observations
| Conclusion

Study 2 - HCE

Overall Conclusions

References

Results
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Data Speci ¢ Performance

Introduction

Study 1 - Microarray Viz Tools

Insights - De nition
Insights - Characteristics
Datasets for Visualization

Results

Data Speci ¢ Performance

Other Measures

I
I
|
| Experimental Design
I
I

|

| Summary of Insight Results
| Cumulative Insights

| Other Observations

| Conclusion

Study 2 - HCE

Overall Conclusions

References
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Introduction

Other Measures

Study 1 - Microarray Viz Tools

Insights - De nition
Insights - Characteristics

|
|
| Datasets for Visualization
| Experimental Design

| Results

| Data Speci ¢ Performance

| Summary of Insight Results
| Cumulative Insights

| Other Observations

| Conclusion

Study 2 - HCE

Overall Conclusions

References

Visualization | Unexpected | Hypothesis | Incorrect
Tools Insights Generated | Insights
Clusterview 3 2 0
TimeSearcher

HCE

Spot re

GeneSpring

O NI O W

Ol W|kF|PkF

OO |N| O
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Summary of Insight Results

e Tor n TS iIs best tool for time series visualization
o ez~ n HCE best for Virus data

I
| Insights - Characteristics
e —— n Spot re performs above average for all three
| Experimental Design
| Results
| Data Speci ¢ Performance

| Other Measures

| Cumulative Insights

| Other Observations

| Conclusion

Study 2 - HCE

Overall Conclusions

References
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Cumulative Insights

Introduction

Study 1 - Microarray Viz Tools

Insights - De nition

Insights - Characteristics
Datasets for Visualization
Experimental Design
Results

Data Speci ¢ Performance
Other Measures

Summary of Insight Results

| Cumulative Insights

Other Observations
Conclusion

Study 2 - HCE

Overall Conclusions

References
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Other Observations

introduction n User background, No effect

e i ok u Inadequate link to biological data

e Shemeees n Same performance but more satisfaction

| Expermental Desion u Spot re more satisfactory than Clusterview

| oo Spen e Perormance n Low learning time for TS and HCE

e e u Spot re has similar learning time but larger number of
features

Study 2 - HOE n Usabllity issues affect performance

Overall Gonclusions n Clustering important but leads to bias

References
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Conclusion

Introduction

5

Visualization tools in uences insight gained.
ST T— Use of appropriate tool is necessary.
| . .
| Interaction plays a key role effectiveness.
: izzz:tlrsnental Design
|
|
|
|
|

5

Insights - Characteristics

5

Datasets for Visualization

5

e It is important to evaluate a tool in terms of insights for
ata Speci c Performance
Other Measures open-ended research.

Summary of Insight Results . .
Dif culties:

Cumulative Insights

5

Other Observations

u Labor intensive

Study 2 HCE u Requires domain expert

Overall Conclusions u ReqUireS motivated SUbjeCtS
References u Short training and trial time

Vlad Morariu and Abhinav Gupta, March 7, 2006 Evaluating Visualization Tools - p. 15/26




Introduction

Study 1 - Microarray Viz Tools

Study 2 - HCE

| Study 2 - Knowledge
Discovery using HCE
| Knowledge Discovery using
HCE

Focus
Results - Biologist
Results - Statistician

Results - E-mail Survey
Results - E-mail Survey

|

|

I

| Results - Meteorologist
|

|

| Conclusions

Overall Conclusions

References

Study 2 - Knowledge Discovery using HCE

Goal: Evaluate HCE and rank-by-feature framework

n Study 1 - evaluate 5 software tools, including HCE
u 1-3 hours
u 15 min training (possible bias since some tools require
more training)
u datasets provided to subjects

n The rst study showed that HCE outperformed other tools for
the Viral data set, but
u rank-by-feature framework was not evaluated
u controlled experiments not appropriate in presence of
lengthy learning times, extensive domain knowledge, and
diverse work styles
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Knowledge Discovery using HCE

introduction n Study 2 - evaluate HCE including rank-by-feature framework,
Study 1 - Microarray Viz Tools ‘demonstrate bene ts for knowledge discovery in
Study 2 - HCE research-level tasks'

| Study 2 - Knowledge
Discovery using HCE

e oledae biscovery Using n Longitudinal studies
u 4-6 weeks
| enite - Sttaton u subjects used HCE for their own research(in biology,
e statistics, and meteorology)
|
|

Results - Biologist

Results - E-mail Survey
T BRI S) u training is done throughout process by interacting with
| developers
Overall Conclusions
— n E-mail surveys (n = 57)

u users who downloaded HCE were e-mailed and asked to
participate in survey
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Focus

Introduction FOCUS Of eXpel’Iment
Study 1 - Microarray Viz Tools n HOW does HCE ImprOve anaIySIS Of mUItlvarlate data SetS?

s e n How does score overview help uses identify interesting

| Knoviedge Dscoveryusing projections?

n Hoyv d(_)es the histogram/scatterplot browser help traverse

| Resuls - Statstcian projections?

i EEE$:§IQ§ n What are most frequently used ranking criteria?

| Conclusions n How can HCE and rank-by-feature framework be improved?

Overall Conclusions

References
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Results - Biologist

itroduction n Biology case study

Study 1 - Microarray Viz Tools u unsupervised clustering useful in determining which

e e Affymetrix probeset interpretation method to use

| DeommigcE u histogram and scatterplot orderings useful in

e understanding relationships

u more speci ¢ conclusions from rank-by-feature framework
| Resuls - eteoologis and other displays(dendogram, gene ontology)

| el e Surey u useful for speedy overviews

| Conclusions

u user did not use gene ontology viewer despite being
iInformed about it

Overall Conclusions

References
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Results - Statistician

i n Statistics case study

Study 1.- Microaray Viz Tools u histogram useful for normality test

2 e u biggest gap ranki_ng ugeful for nding outliers |
DiomyusgHCE u useful for interactive visual feedback and calculation of
Hee basic statistics (vs SAS)

Rosuls_Biobogist_ u led HCE developers to deal with missing values

| Resuls - Meteoroogist u HCE used in all papers resulting from study, including one
e et Suey under review for journal Science.

| Conclusions

Overall Conclusions

References
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Introduction

Results - Meteorologist

Study 1 - Microarray Viz Tools u

Study 2 - HCE

Study 2 - Knowledge
Discovery using HCE u
Knowledge Discovery using

HCE u
Focus

Results - Biologist u
Results - Statistician

| Results - Meteorologist

Results - E-mail Survey
Results - E-mail Survey u
Conclusions

Overall Conclusions

References

Vlad Morariu and Abhinav Gupta, March 7, 2006

n Meteorology case study

user found histogram and scatterplot useful, preferred
scatterplot

guadracity was useful in scatterplot

very useful for quick-look

led to hypothesis that might improve cloud detection
algorithms

did not know how to see multiple scatter plots at a time
despite being taught

suggested scaling feature in rank-by-feature

led to customizable color mapping
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Results - E-mall Survey

Introduction n E-mall Survey
Study 1 - Microarray Viz Tools u 55 out of 57 users said HCE improved analysis at least a
Study 2 - HCE little bit

| Study 2 - Knowledge

Drcovery s HCE u provided good suggestions to HCE developers

nowledge Discovery using . . . . .

e u histogram ordering: normality criterion most popular

st Sl u scatterplot ordering: correlation coef cient most popula r

Results - Statistician
| Results - Meteorologist

| Results - E-mail Survey

| Results - E-mail Survey
| Conclusions

Overall Conclusions

References
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Results - E-mall Survey

Introduction

Study 1 - Microarray Viz Tools

Study 2 - HCE

| Study 2 - Knowledge
Discovery using HCE

| Knowledge Discovery using

HCE
Focus

Results - Biologist

Resuls - Siaistcian Most useful ranking criteria in the histogram ordering.

I
I
I
| Results - Meteorologist

| Results - E-mail Survey
| Results - E-mail Survey

| Conclusions

Overall Conclusions

References

Most useful ranking criteria in the scatterplot ordering.
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Conclusions

Results - E-mail Survey

" n Less quantitative than Sarayia et al

Overall Conclusions

introduction n Case studies and E-mail survey showed that users bene t
Study 1.- Microarray Viz Tools from HCE and rank-by-feature framework in research level
Study 2 - HCE tasks
I St.udyZ-Kn(.)wledge . . .
e O e n Resulted in meaningful evaluation for developers
HCE
oo n Users can overlook/forget useful features
esults - Biologist
il n Lead to improvements in HCE
esults - eeorooglst
|
|

References
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Conclusions

introduction n Need for evaluations

Study 1.- Miroarray Viz Tools u Different tools required for different insights

Stuay 2 - HeE u Improvement of visualization tools

n Many ways to perform evaluation

e n Trade-off between controlled settings and meaningful results
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