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How might we design intelligent 
systems that support people to 

advance and balance their individual 
and collective goals? 
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How might we design intelligent systems that 
support people to advance and balance their 
individual and collective goals in volunteer-
based physical crowdsourcing systems? 
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• Campus-scale mobile crowd-tasking: Deployment & behavioral insights.  
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What are some of the goals 
volunteers may have?
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Stella lost her key on her way 
to lunch
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?



Leverage John’s existing routine 
to help Stella find the key
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John’s individual goals: Focus on his daily 
activities to achieve his individual goals
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John’s community goal: Help 
Stella find her key
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Approach 1: Providing 
flexibility to John

Flexibility  
decide when and which activities 
to engage with

16

[Bellotti et al. 2014, Goncalves et al. 2013, Heimerl et al. 2012] 



Approach 1: Providing 
flexibility to John
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Benefits of providing flexibility 
contributing to activities that suit their 
routines or that are convenient for them

Flexibility  
decide when and which activities 
to engage with



I have to get to 
my next meeting.

Flexible, but not coordinated
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Flexible, but not coordinated
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Providing flexibility may not help people track and 
manage all their goals.



Approach 2: Directing John’s 
activities

20[McInerney et al. 2013, Cheng et al. 2017]



Coordinated, but not flexible
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I am late for  
a meeting.

Directing contributions to achieve collective goals takes 
away the flexibility needed to achieve individual goals



Core tension in volunteer-based 
physical crowdsourcing systems

Flexibility Coordination
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Our Approach: Flexible 
Coordination

A flexible coordination system surfaces opportunities for 
volunteers to contribute that are within volunteers’ routines and 
that are useful for achieving collective goals. 

23



As John goes about his day…

2424



Identifies opportunities where 
John can help Stella

25

Where Stella might 
have lost an item



Does not direct or change John’s routine, 
but allows John to carry out his routine as 

he wises
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Not within 
the routine



Surfaces opportunities that are within his 
routine and that are useful in advancing 

collective goals
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John can decide whether or not to help, but 
when he does, the contribution is effective 

in helping Stella find the key
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General challenges in surfacing good 
opportunities within people’s routines

1. There’s no fixed set of opportunities to optimize over.
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Existing task assignment techniques 
optimize over a fixed set of opportunities
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Quality

vs. vs.

[McInerney et al. 2013]



Existing task assignment techniques 
optimize over a fixed set of opportunities
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Quality

Not within 
the routine

We do not get to change a person’s routine but can only 
work with their routine.



But we do not know how a 
person’s routine may unfold
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Opportunities may dynamically arise 
depending on how a person’s routine is 

carried out
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Opportunities may dynamically arise 
depending on how a person’s routine is 

carried out
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Opportunities may dynamically arise 
depending on how a person’s routine is 

carried out
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General challenges in finding good 
opportunities within people’s routines

1. There’s no fixed set of opportunities to optimize over. 

2. Evaluating the quality of opportunities in isolation of a 
single individual’s routine or other people’s routines can be 
ineffective.
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Example 1: Evaluating the quality of opportunities 
in isolation of a single person’s routine can be 

ineffective
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Quality
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Quality

Example 1: Evaluating the quality of opportunities 
in isolation of a single person’s routine can be 

ineffective



Example 2: Evaluating the quality of opportunities 
in isolation of multiple people’s routines can be 

ineffective
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vs.

Example 2: Evaluating the quality of opportunities 
in isolation of multiple people’s routines can be 

ineffective



Our technical approach
1. builds an understanding of how 
people’s routines may unfold 

2. reasons about opportunities that 
may become available within their 
routines 

3. sets conditions under which to 
surface an opportunity to contribute 
by comparing across possible 
opportunities that may arise within 
or across people’s routines.  
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Our technical approach
1. builds an understanding of how 
people’s routines may unfold  
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3. sets conditions under which to 
surface an opportunity by 
comparing across possible 
opportunities that may arise within a 
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Hit-or-Wait

Surface good 
opportunities across 

multiple people’s 
routines

Supply 
Management

45

Surface good 
opportunities within  

a single person’s 
routine



Hit-or-Wait

Surface good 
opportunities across 

multiple people’s 
routines

Supply 
Management
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Surface good 
opportunities within  

a single person’s 
routine



Support John to focus on his daily activities 
while still effectively help Stella find the key
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When and which 
opportunities to surface?

48



When and which 
opportunities to surface?

1. We do not surface opportunities all the time, but only at the 
“best moment”.
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When and which 
opportunities to surface?

1. We do not surface opportunities all the time, but only at the 
“best moment”. 

2. We do not want to pre-determine which opportunity to 
surface because people’s situation may change.
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2. We do not want to pre-determine which 
opportunity to surface because people’s 

situation may change

an urgent 
meeting came 

up!

51

Quality



When and which 
opportunities to surface?

1. We do not surface opportunities all the time, but only at the 
“best moment”. 

2. We do not want to pre-determine which opportunity to 
surface because people’s situation may change. 

3. We may surface less useful opportunity vs. miss 
opportunities to surface.
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3. We may surface less useful opportunity 
vs. miss opportunities to surface
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Quality

Missed 
opportunity!



3. We may surface less useful opportunity 
vs. miss opportunities to surface
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Quality

Less useful 
opportunity



Contribution: Hit-or-Wait
less likely 

route

more likely 
route
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Wait!

Hit!
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Possible future situations

VS

Hit-or-wait builds up understanding of how a user’s 
routine may unfold and what opportunities may arise

Current situation
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Possible future situations

VS

Hit-or-Wait continually reasons about the tradeoffs between 
current and future situations the user may come across 

Hit?

Missing better opportunity!

Current situation



Hit!

Wait!

Current situation

VS

Hit-or-Wait continually reasons about the tradeoffs between 
current and future situations the user may come across 
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Possible future situations



Our approach: Modeling a sequence of Hit-
or-Wait decisions with a Markov Decision 

Process (MDP)
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1. Encode value of surfacing 
an opportunity

lik
el
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d 
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2. Model likelihood of reaching 
next location from current location
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3. Compare the expected value of surfacing 
an opportunity now with the expected value 

from making a decision later if we wait

62

Making decisions 
later

VS

Surfacing an 
opportunity now



Evaluation

A simulation 
study

A field 
deployment
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A simulation study

Dataset
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~6k running 
routes 

from 2k+ users



A simulation study

Baseline: pre-determining a 
search activity 

Hit-or-Wait 

Optimal solution: has full 
knowledge of future routes

ConditionsDataset
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~6k running 
routes 

from 2k+ users



A simulation study

~6k running 
routes 

from 2k+ users

Search Quality: 
Likelihood of 

finding an item  
given searches

Measure

Baseline: pre-determining a 
search activity 

Hit-or-Wait 

Optimal solution: has full 
knowledge of future routes

ConditionsDataset
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Hit-or-Wait surface opportunities that 
were effective in achieving desired goals

92% of optimal 
solution!

Baseline Hit-or-Wait Optimal
67



Baseline Hit-or-Wait
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Baseline Hit-or-Wait

Understanding how a user’s routine may unfold and 
opportunities that may arise within the routine allows us to 

compare current and future opportunities. 
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A field deployment

10-day study with 25 users in lost and found scenario
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Hit-or-Wait allows people to focus on their 
days while still effectively help others
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Core takeaway

Builds up understanding of how a user’s routine may unfold, 
which opportunities may arise with the routine 

Makes on-going trade-offs between surfacing an opportunity 
right now vs. waiting to surface a better opportunity in the future 

Maximally uses any person’s routine to achieve collective goals 
without directing people out of their routines or without 
knowing people’s exact routines
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Hit-or-Wait
Supply 

Management
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Surface good 
opportunities across 

multiple people’s 
routines

Surface good 
opportunities within  

a single person’s 
routine



Goals: Provide good volunteer experiences 
and timely delivery in community-based 

peer-to-peer delivery

74

Good 
volunteer 
experiences

Timely 
delivery



Aggressive approach
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Aggressive approach
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People leaving 
the system



Restrictive approach
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Restrictive approach

78

Delayed 
delivery



How might we set a policy—a set of conditions 
that determine when and whom to surface 

opportunities across the community—to ensure 
volunteer experiences and system efficiency?
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What are the challenges in 
choosing the best policy?

Because people’s availability and participation changes, 
manually choosing the best policy is ineffective 
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One may think that a more restrictive 
policy is better when the demand is low…

Restrictive 
policy

81



But, a more aggressive policy 
is better in some scenarios
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But, a more aggressive policy 
is better in some scenarios

No
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But, a more aggressive policy 
is better in some scenarios

Yes
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But, a more aggressive policy 
is better in some scenarios!

Yes
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But, a more aggressive policy 
is better in some scenarios

86

Low 
disruption

Timely 
delivery



What are the challenges in choosing 
the best notification policy?

Because people’s availability and participation changes, 
manually choosing the best policy is ineffective. 

Choosing the best policy by only considering the average-
case scenario is ineffective.
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On any given day, the same policy 
may lead to different outcomes

Pr
ob

ab
ili

ty

Delivery 
speed

1 hour 2 hour0.5 hour
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While the average-case scenario may seem 
to achieve the goal that we care about…

Pr
ob

ab
ili

ty

Delivery 
speed

1 hour 2 hour0.5 hour

Delivery 
speed

0.5 hour 1 hour 2 hour
0

100
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Some possible outcomes can 
really hurt the desired goal

Pr
ob

ab
ili

ty

Delivery 
speed

1 hour 2 hour0.5 hour

0.5 hour 1 hour 2 hour

Delivery 
speed

0

100
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Contribution: Supply 
Management Framework

91



Consider both desired goals 
and the situation on the ground

Desired goals
Number of 
demand

92



Simulate over all possible 
scenarios

Notification 
Policy

Supply 
Model

Pickup 
Model

Y N
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Simulate over all possible 
scenarios

Notification 
Policy

Supply 
Model

Pickup 
Model

Y N
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Simulate over all possible 
scenarios

Notification 
Policy

Supply 
Model

Pickup 
Model

Y N
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Y N N Y
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Compare and choose the best 
policy based on desired goals

Value function

+
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Low 
disruption

Timely 
delivery



Compare and choose the 
best policy

Restrictive 
policy

Aggressive 
policy

97

VS



Evaluation

A simulation 
study

A field 
deployment
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Simulation study

99

RQ1: How effective is supply management as situations on the 
ground change? 

RQ2: How prioritizing different goals affects the decisions that 
supply management makes?



Simulation study

100

Expected value of 
enacting a policy

Measure

Baseline  
- aggressive policy (100m) 
- restrictive policy (at-location) 

Supply management

Conditions

RQ1: How effective is supply management as situations on the ground 
change?



Supply management chooses the best 
policies to achieve goals as the situation on 

the ground changes

Restrictive policy

Aggressive policy

Supply Management
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Supply management chooses the best 
policies to achieve goals as the situation on 

the ground changes

Restrictive policy

Aggressive policy

Supply Management

102

Finding goldilocks zone to achieve desired goals across 
the situations.



Simulation study
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RQ1: How effective is supply management as situations on the 
ground change? 

RQ2: How prioritizing different goals affects the decisions that 
supply management make?



1 2 3 4 5 6 7 8 9 10

System-Focused

Balanced

Helper-Focused

Number of Demand

AT-LOC AT-DIST

Supply management makes optimal decisions with 
respect to both the situation at hand and with 

respect to the goal orientation of the community

Restrictive Aggressive
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Field deployment

105

RQ3: Do real-world outcomes and users’ perception reflect 
the encoded goals?



Field deployment
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RQ3: Do real-world outcomes and users’ perception reflect the 
encoded goals? 

Intended goals

4-week study with 26 users in 
peer-to-peer delivery scenario

Setting



While only 12.5% of participants received 

notifications, this still led to competing 60% of 
all tasks (2.4 out of 4) on average.  

Real-world outcomes reflect 
the intended community goals
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Core takeaway

builds up an understanding of many people’s routines and 
opportunities that may arise across the community 

reasons about how setting different conditions to engage 
people across situations may unfold 

despite the uncertain engagement and availability of community 
members, implicitly coordinates their contributions to collective 
reach outcomes that are in accord with desired goals,
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Flexible coordination systems that surface 
opportunities within people’s routines to 

achieve desired collective goals
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Surface good 
opportunities across 

multiple people’s 
routines

Surface good 
opportunities within  

a single person’s 
routine



Future Directions

Opportunistic Help-Seeking and Help-Giving in Workplaces 

Personal Virtual Assistants to Balance Short-Term and Long-
Term Goals
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Opportunistic Help-Seeking 
and Help-Giving in Workplaces
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Personal Virtual Assistants to Balance 
Short-Term and Long-Term Goals
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Flexible coordination systems that surface 
opportunities within people’s routines to 

achieve desired collective goals
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Surface good 
opportunities across 

multiple people’s 
routines

Surface good 
opportunities within  

a single person’s 
routine


