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Announcements
• 3 conferences in ubicomp/pervasive 

computing
– Pervasive 2002: www.pervasive2002.org, 

Zurich, August 26 – 28
– Ubicomp 2002: www.ubicomp.org, Goteburg, 

Sept. 29 – Oct. 1
– IEEE Pervasive Computing: www.percom.org, 

Dallas, March 23 – 26 (October 1) 
• Doctoral Consortium
• Lots of workshops and specialized 

conferences
• Previous Ubicomp Seminar

– Abstract book
– Report
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Outline

• Evaluation
– What it is 
– Why it’s good for you

• Overview of evaluation

• Types of evaluation and examples
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What is Evaluation?

• Appraisal of the value of a system

• Examining a system to determine 
extent to which certain properties 
are present
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4 Reasons Why Evaluation is 
Your Friend
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Why is it good for you?

• Necessary for validating your ideas
– Needed for any research project: thesis

• Know when to stop
– Have a hypothesis and need to know that it’s true 

(or false)

• Compare others work to your own

• Compare others work against each other
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Types of Evaluation

• Quantitative 
• Qualitative

• Formative
• Summative

service
data management

network
system

architecture
hardware

application
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Few Differences with Ubicomp

• What is transparent?
• Implications of transparency
• Living with system - critical mass needed?
• Failure recovery/graceful degradation
• Evolvability
• Scalability
• Garbage collection at many levels 
• Cost - not just dollars, but computational 

resources, battery power, bandwidth, 
devices, infrastructure needed
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Example System

• Pick on someone
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Hardware and architecture

• Interference 
between devices

• Resource 
scheduling

• Device usability

service
data management

network
system

architecture
hardware

application
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Distributed Computing: 
Systems/Networking Evaluation

• Bandwidth constraints

• Connectivity 

• Performance

service

data management

network

system

architecture

hardware

application
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Distributed Computing: 
Systems/Networking Evaluation
• New functionality: qualitative 

– does it perform the job you wanted 
it to do?

• Improving functionality: 
quantitative
– Throughput, latency (Hannes), 

speed, power usage
– Bigger, smaller, faster, more 

efficient, more accurate (Jan)
– Comparable results, but with fewer 

assumptions/restrictions (Kulpreet)
– Simulation accepted methodology

service

data management

network

system

architecture

hardware

application
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Distributed Computing: 
Systems/Networking Evaluation

• Differences with ubicomp
– What are they?

• More nodes
• Greater latency
• ???

– Harder to simulate
– What else?

– Can we use the same techniques as 
before?
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Middleware and toolkits

• New functionality
– qualitative

• Enhanced 
functionality
– qualitative and 

quantitative

service

data management

network

system

architecture

hardware

application
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Middleware and toolkits

• Correct 
decomposition into 
services

• Communications
• Reliability
• Latency in service 

discovery

service

data management

network

system

architecture

hardware

application
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Middleware and toolkits

• Floors and ceilings

Effort

Required

Application Richness
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Middleware and toolkits

• Floors and ceilings

Effort

Required

Application Richness
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Middleware and toolkits

• My approach
– Lower the floor: rebuild existing apps, 

but show it’s easier (user modeling app)

– Raise the ceiling: build new, difficult to 
build apps (Thomas)

– If you build it, they will come (John)

– Explore the design space
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Middleware and toolkits

• Differences with ubicomp
– Not too much
– Increased complexity
– Increased constraints
– ???
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Applications

• Task focused: 
qualitative and 
quantitative

• Non-task focused: 
qualitative and 
quantitative

service
data management

network
system

architecture
hardware

application
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Applications

• Done today:
– Quantitative: objective

• Completion times, accuracy
• Instrumentation

– Qualitative: subjective
• What users think: happier, more efficient
• Questionnaires, interviews, monitor

– Table of techniques
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Applications

• Useful, usable
• Interesting/fun
• Predictability and mental model
• Forgiving system: recovery

• Bleeding edge technology
• Novelty
• Unanticipated uses
• Quantitative metrics
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Applications: Ubicomp Differences

– Soft science made harder (Jochen): 
focusing on real world tasks and objects; 
often don’t want quantitative measures, but 
social implications

– Greater complexity: harder to remove 
confounding factors

– Hard to do with typical instrumentation and 
less clear what to measure

– Lab studies & simulation often don’t work 
here: human vs. network performance
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Applications: Ubicomp Differences

– Monitoring duration
– Time to get used to technology: 

remove the “wow” factor
– Often interested in the infrequent odd 

cases
– Not always solving today’s problems: 

comparison points



25

A division of Intel Labs

Applications: Monitoring

– Real world: hard to monitor

– Is an environment with cameras, 
microphones, computers capturing 
information about users and 
interactions a ubicomp system?

– YES!
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Applications: Monitoring

– Existing monitoring setups are ubicomp 
environments

– Setup even more complex for monitoring 
distributed, mobile ubicomp apps

– Have to build a ubicomp system to evaluate 
your ubicomp system!
• Chicken and egg problem
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Applications: Techniques

• Formative:
– Beeper studies: want to know what users 

are thinking (directly)
– Look for patterns: want to know what users 

are thinking (indirectly)

• Summative:
– Task oriented: lab studies
– Living laboratory
– Modifying existing evaluation techniques
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Examples

• Star Trek doors
– Why such a hard design problem
– Leads to hard evaluation problem

• Classroom 2000 & Aware Home
– Living Laboratory
– Longitudinal studies
– Demo

• Ambient displays



29

A division of Intel Labs

Ambient Displays 
(Dey, Mankoff and many students)

•Peripheral cues of some (potentially) 
interesting event in your environment

•Any modality: listen, feel, smell, see, taste

•Typically abstracted information

•Use perceptual channels that aren’t already 
overloaded

•Provide awareness through everyday objects
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Innovative Ambient Displays  
(many others)
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Interesting Issues

• Explore the design space: toolkit, 
individual examples

• Provide information that is relevant to a 
space or a group of people

• Do it in an 
interesting/provocative/aesthetic way
– Transitions: overview to specific; 

static to interactive
– Enhance everyday artifacts

• Have some way of measuring the results
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Design Space Exploration

• Aesthetics
• Obtrusiveness
• Notification
• Persistence
• Temporal context
• Overview to detail 

transition

• Audience
• Modality
• Level of 

abstraction
• Interactivity
• Location
• Content
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Relevant Information

• Contextually dependent

• Looked at needs of small and large 
workgroups in university settings

• Starting to look at health:
– Individual health of an elderly person
– Aggregate health of a city
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Interesting Displays

• Tied to relevance of information

• Aesthetically pleasing

• Displays that both blend into the user’s 
environment when not needed and pop 
out when desired
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Evaluation

• Change people’s awareness of 
information

• Change people’s behavior

• Existing techniques don’t seem 
appropriate
– Meant for focused tasks

• Modify existing techniques
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Our Ambient Displays



37

A division of Intel Labs

Our Ambient Displays (work in 
progress)
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Current Status

– Deployment complete

– Collected data
• Questionnaires and evaluation

– Analyzing data
• Heuristic evaluation new heuristics
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Our Ambient Displays
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Our Ambient Displays
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Our Ambient Displays
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Current Status

• Displays deployed and evaluation 
data collected

• Evaluation: Questionnaires, 
monitoring and instrumentation

• Results presented on Thursday
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Examples

• GUIDE: 
– monitoring, interviews, 

questionnaires, instrumentation

• Exploratorium:
– John?
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Examples

• Precision Agriculture
– Working with wine
– Evaluation
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Support for the Disabled: 
Ambiguity in Context
• Mobile and speaking-impaired users: 

wheelchair-bound, speech synthesis users
• Difficulty performing everyday activities: 

communication
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Support for the Disabled: 
Ambiguity in Context

• Hypothesis: context can improve 
word prediction

• Context: location, time, vocabulary, 
history

• Choose vocabularies and filter 
words based on context and recent 
words chosen
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Support for the Disabled: 
Ambiguity in Context

• Proof of concept built 
using GPS unit and 
laptop

• Examining mediation 
strategies to correct 
context

• Starting evaluation of 
usefulness
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Support for the Disabled: 
Video & Next Steps

• VIDEO
• Instrument parts of downtown Berkeley
• Instrument wheelchairs
• Support navigation
• Start evaluation tests
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Dangers of Application Evaluation

• Computer scientists like to see hard science: 
no touchy-feely

• Novelty is hard to demonstrate and not always 
best way to advance field

• Hard to build a complete system, but often 
need to, to reasonably evaluate

• Good studies are hard to design and deploy: 
e.g. focus groups and consumer products
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Conclusions

• When starting research project, have 
clear hypothesis!

• Evaluation of ubiquitous computing 
systems is non-trivial, but not 
impossible

• Open research questions

• Happy to act as a resource


