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Crowdsourcing
Process of obtaining ideas or needed 
service from a crowd of people.

Crowd + Outsourcing
 Take work and outsource it to a crowd 
of workers.
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Example: Gogobot
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Crowdsourced Planning
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Is it possible to improve the 
effectiveness by automated 

planning?
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Planner in Architecture
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Spectrum of Domain Models 
& Planning Capabilities

*Source: Kambhampati 2007

YOCHAN LAB, ARIZONA STATE UNIVERSITY



Types of Models (Domain 
dynamics + Preferences)
Full model
 No need for crowd

No model
 No need for planner

Partial model
 Useful
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Challenges: Interpretation
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Interpretation
Understanding the goals and plans from 
semi-structured or unstructured text

Challenging
 Humans use natural language

 Automated planners use structured plans and 
actions
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Interpretation of Crowd’s 
Evolving Plan
Force Structure
 Reduces flexibility

 In tour planning scenario: Turkers explicitly 
mention the goals their plans are referring to.

Extract Structure
 Identify the goal a specific plan is looking to 
achieve

 Plans from textual descriptions rather than 
actions

 Impedance mismatch
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Challenges: Steering
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Steering with Incompleteness
Collaborative plan generation with 
incomplete models of the scenario 
dynamics and preferences

Challenging:
 Cannot expect complete domain model and 
preferences
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Steering the Crowd
Constraint Checking
 Quantitative constraints

 In tour planning scenario: Cost; Duration 

Constructive Critiques
 Actively help creation and refinement of a plan

 Suggestions like new plan fragments, new ways 
of decomposing the current plan or set of goals

YOCHAN LAB, ARIZONA STATE UNIVERSITY



Specifies task at hand
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What must I do, eat and see in NYC? 

I’ve been to NYC before, so perhaps 

new speakeasies, restaurants and 

nightlife recommendations would be 

awesome. 



Specifies task at hand
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Desired 

goals

Preferences

Natural 

Language



Break the task into sub goals
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Restaurants

Nightlife 

recommendations

Museums



Provide suggestions
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Magnolia Bakery: If 
you haven’t tasted a 
Magnolia cupcake, 

your NYC visit doesn’t 
count. 

Katz’s Deli has 
certainly kept its 

status as the best deli 
in New York City 

serving the Lower 
East Side. Best 

pastrami sandwich in 
town. 



Critique Existing Actions
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Katz’s Deli: Its 
overhyped and over 

priced. I did not like it. 
Other places nearby 

are much better.
Katz’s Deli has 

certainly kept its 
status as the best deli 

in New York City 
serving the Lower 

East Side. Best 
pastrami sandwich in 

town. 



Generate a Plan
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• Katz’s Deli
• Times Square
• Central Park
• Magnolia 

Bakery
• Statue of 

Liberty
• Brooklyn Bridge
• ..
• ..



Steer the Crowd – Sub goals
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What are the 
timings of the 

Magnolia 
Bakery?

How to go to 
Magnolia 
Bakery?



Steer the Crowd - Constraints
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Cost of expenditure 
exceeds the 

threshold of $200.
Duration exceeds 

the requested time 
of 2 hours.



How does planning help?

 Sub-goal generation

 Constraint checking

 Scheduling
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Our Contributions
AI-MIX (Automated Improvement of Mixed 
Initiative eXperiences)
 General architecture for human computation 
systems

 Roles of an automated planner

 Addresses the challenges
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Generalized Architecture
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System Description
Amazon Mechanical Turk

Google App Engine

High-level task description by requester

Crowd are turkers

Human Intelligence Task (HIT) – Individual 
task that the turkers work on
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System Description
System is similar to state-of-the-art in 
terms of
 Inputs it can handle

 Constraint and quantity checks

Can parse natural text and reference it 
against relevant actions
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Dinner

Breakfast

Leisure 
Activities

Fun places 
to see

LYDIA @ YOCHAN LAB, ARIZONA STATE 
UNIVERSITY
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Major Components
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Interface for Turkers
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Activity Addition
Turker can provide any number of activity 
suggestions

Unstructured and structured text are 
handled

To-do tag

After submission:
 constraint violations

 critiques by planner
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Sub-goal Generation
Planner uses PDDL action model MP

Examples include: 
 visit, lunch, shop, etc

Generic preconditions

Unsatisfied sub-goals are alerts
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Example of “visit” action 
description
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Visit ?p 

Getting to 
?p

Entrance fee 
for ?p

Visiting 
hours of ?p

Sub-Goal-2 Visited ?p
Effect

Main Action



Input Validation
Constraints on quantitative values of 
states given by requester

If violated, added to to-do stream

Future turkers resolve the violations
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Adding Turker Critiques
Turkers can critique the existing actions

New tag will be attached to the new 
critique

Future turkers resolve these critiques
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Add a New Suggestion



SNAPSHOT
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Manhattan_gettingto
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Add a Critique
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Add a Critique
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Add an Order



Which Planner to Use?
Allows not only dynamics but also kinds of 
declarative constraints

Ability to take various constraint 
specifications

Answer Set Programming
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Generating Plans
Knowledge base that models common 
sense information

Knowledge base:
 Object declarations

 State declarations

 Effect and preconditions of actions

 Domain independent axioms

Answer Set Programming to put together 
the suggested activities to a schedule
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Travel Planning Domain
Temporal constraints on actions
 Typical time ranges for breakfast, lunch, dinner

Existential constraints
 Atleast one instance of each requested activity 

Uniqueness
 Same activity occurring over multiple time points should occur 

at same place

Contiguity
 Same activity occurring at two points imply it is also occurring in 

between

No concurrency
 All actions are assumed to be non-concurrent
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Example – New Activity
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Example – New Critique
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Example – New Critique
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Generated Plan
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 Activity(breakfast,8,Café Orlin)

 Activity(fashion,10,Garment District)
 Activity(fashion,11,Garment District)

 Activity(lunch,12,Sapporo)
 Activity(lunch,13,Sapporo)

 Activity(dinner,18,Ai Fiori)
 Activity(dinner,19,Ai Fiori)

 Activity(broadway,20,musical)
 Activity(broadway,21,musical)



Experimental Setup
Human Intelligence Tasks (HITs) were 
available only to the turkers
 from United States

 approval rate > 50%

 paid 20 cents for each HIT

Tour planning for six major US cities:
Washington DC; Chicago; New York; San Francisco; Los 
Angeles; Las Vegas

150 turkers
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Experimental Conditions
No-Auto
 No automated critiques

 Suggestions in free text format

Auto-Sched
 Constraint violation checks in terms of cost and 

duration

Auto-Sched + Subgoal
 In addition to C2, system processed unstructured 

text

 Generate alerts for missing preconditions
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Tour Plan Quality
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Auto-Sched

Auto-Sched + 

Subgoal



Tour Plan Quality
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Auto-Sched Auto-Sched + Subgoal

Lunch: Alice’s tea cup 
#lunch (20$)

Paradis-to-go: Menu is simple, 
affordable, but certainly worth 
the time #lunch (1 hour) (10 $)

Steamer: #lunch 
#lunch_whattoeat



Role played by the Planner 
Module
Number of responses

Critique generation
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C2 C3

28 39

Flaws by Suggested Addressed

Human 8 0

Planner 45 7
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Summary
Automated planning in crowdsourced planning
 Interaction between Requester, Crowd, Planner

Interpretation and steering
 Unstructured text

 Impedance mismatch

 Incomplete domain models and preferences

For effective plan generation
 Sub-goal generation

 Constraint verification

 Constructive critiquing

Scheduling the overall plan using Answer Set Programming

Preliminary empirical results over tour planning domain
 Effective steering in terms of – Number of turker responses; critiques addressed; 

detailed suggestions
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