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Need for Software Customization

ÅProblems from industry practices:
ïVarying user needs and preferences

ïOne-size-fits-all solution

ïLost in interface/functionality

ÅMost affected users
ïPeople with cognitive, sensory, motor impairments

ïElderly people

ïChildren

ïNovices
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What is Software Customization?

ÅCustomization dimensions:

ïFunctionality

ïNavigation

ïPresentation

ÅFocus: customize nature of help

ïIntelligent assistance domain

ïAdaptable vs. adaptive vs. mixed-initiative

ïEncompassing decision-theoretic framework
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Customizing Assistance
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ÅHighlighting example illustrates:

ïA way to minimize user effort

ïOpportunities created by repetitive goals

ïCustomization in presentation dimension

ïCustomization in functionality dimension 
(what,when)



Preferences for Assistance

ÅWhat, when, where, how, why?

ÅFocus on toolbar suggestions for highlighting

ïQuality of suggestion

ïNumber of suggestions

ïWhether user needs help
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Decision-Theoretic Customization

ωGoals: highlighting in PowerPoint

ωAssistance: toolbar suggestions

ωPartially observable Markov decision process 
(POMDP)

ωUncertainty in user goal/features

ωNoise in observation

ωValue and costs of assistance (preferences)

ωAssistance that max. (long-term) expected utility
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Intelligent Assistance as a Planning Problem
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Intelligent Assistance as a Planning Problem
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Preferences as a Utility Function

ÅUtility function for individual users

ÅIƛƎƘŜǊ ǳǘƛƭƛǘȅ Ґ άƘŀǇǇƛŜǊέ

ÅAdditive decomposition?
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Background on Preferences

ωOutcomes, O

ωUtility function, ǳΥ h Ҧ Reals

ωu(oi) > u(oj) iff oi is preferred to oj

ωu(oi) = u(oj) iff useris indifferent betweenoi,oj

ωoҍisbestoutcomes.t. u(oҍ) = 1

ωoҍisworst outcomes.t. u(oҍ) = 0

ωStrengthof preferences
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Value and Costs of Suggestions

ωToolbar, t

ωHighlighting goal, g

ωComplexity of goal

ωQuality of toolbar, Q(t|g ) = max Q(i|g )

ωQuality of icon, Q(i|g )

ωNeediness, N(g)

ωLength, L(t)

ωSuggestion utility, U(N,L,Q)

i
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Preference Elicitation

ωStandardgamble

ωSG(pr)= [pr,oҍ; 1-pr,oҍ]

ωExpectedutility of SG= pr

ωStandardgamblequery

ωAlternativeA: SG(pr)

ωAlternativeB: oi

ωResponse: pr
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Query Type Question Range of Responses

SGQ(pr,oi) What is pr s.t. SG(pr) = oi ? pr [̐0,1]

Bound(pr,oi) Given pr, isSG(pr) > oi ? Yes/No



Bound(pr,oi) in Theory

ÅConstraints allow incremental refinement 
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Bound(pr,oi) in Theory
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Bound(pr,oi) in Practice
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Practical Difficulties

Å9ȄǘǊŜƳŜƭȅ ƛƴŦƻǊƳŀǘƛǾŜΣ ōǳǘΧ

ïImpossible to provide pr with confidence

ïSG (mixture of outcomes) difficult to interpret

ïBound queries relatively easier

ïDifficult to distinguish as feasible regions get 
smaller

ïSequential costs/benefits underestimated
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Existing Approaches

ÅQualitative approach of preferences rankings

ïCannot quantify tradeoffs w.r.t. goal estimation

ÅQuantitative w. conceptual queries

ïDifficult to deploy in practice

ÅAI: simulated users only

ÅPsych: toy domains only

ïAssume people know what they like a priori

ïWhat people thinkǘƘŜȅ ƭƛƪŜ ґ ǿƘŀǘ ǘƘŜȅ ŀŎǘǳŀƭƭȅlike

ÅOurs: Quantitative w. Experientialqueries
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Experiential Queries

ÅBound queries B(pr,oi): SG(pr) > oi ?

Å¦όbΣ[Σvύ Ҧ ¦όƻǳǘŎƻƳŜǎύ

ïO = interface configurations

ÅExperience via task completions

ïSimulate pr with k repeated tasks

ïEach query involves 2k tasks

ïDiscretizepr ώ̐лΣΦмΣΦнΣΧΣмΦлϐ
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Experiment Set-up

ÅControlled highlighting task in PowerPoint

ÅSimulated N into interface

Åa
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Experiment Set-up

ÅControlled highlighting task in PowerPoint

ÅSimulated N into interface

ÅSampled from U(N,L,Q)
ωNeediness, N = 0 (low),  1 (high)

ωLength, L = 1, 5, 10

ωQuality,Q= 0 (wrong),2 (partial),4 (perfect)

ωoҍ= N0,L1,Q4

ωoҍ= N1,L10,Q0

ÅTreat options as adaptive vs. static system

Å9ƭƛŎƛǘŜŘ ǳƴǘƛƭ ǎƳŀƭƭ άŦŜŀǎƛōƭŜέ ǊŜƎƛƻƴǎ όpr ± 0.05)
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Experiential vs. Conceptual

ÅConceptual

ïImagine task completions

ï13 participants

ÅExperiential

ïCarry out task completions

ï8 participants
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Structural Results
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User 11 (midpoints)
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Structural Results

ÅValue of non-perfect help (Q2, even Q0)
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User 11 ςvalue in non-perfect help
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Structural Results

ÅValue of non-perfect help (Q2, even Q0)

ÅMonotonically non-increasing in L

ÅMonotonically non-decreasing in Q

ÅVariations in N (user feature)
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User 11 ςmonotonicity
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Structural Results

ÅValue of non-perfect help (Q2, even Q0)

ÅMonotonically non-increasing in L

ÅMonotonically non-decreasing in Q

ÅVariations in N (user feature)

ÅCurvature of partial functions
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User 11 ςcurvature
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User 12 ςdifferences in Q and L
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