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How can we create scalable solutions to human 
problems and advance desired human values 
in the absence of a technology 
that can overcome real-world constraints?
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Best human solution

Apprenticeship “apprenticeship requires a 
very small teacher-to-learner 
ratio that is not realistic in the 
large educational systems of 

modern economies.”  
[Collins & Kapur, 2005]



Best machine solution

No AI technology can 
replace the mentor in the 

foreseeable future. 
[Jarvela & Hadwin, 2013]



Options

✤ Wait for a technological silver bullet 

✤ Compromise  

✤ Or…?



Computational Ecosystems



A call for systems: having great 
components is not enough.

“…We’ve been obsessed in 
medicine with components. 
We want the best drugs, the 
best technologies, the best 
specialists, but we don't think 
too much about how it all 
comes together. It's a terrible 
design strategy actually.” 

TED 2012Atul Gawande



A call for systems: having great 
components is not enough.

“Making systems work is the 
great task of our generation 
of physicians and scientists. I 
would go further to say that 
making systems work - 
whether in health care, 
education, climate change, 
and making a pathway out of 
poverty - is the great task of 
our generation as a whole.”

Atul Gawande



A call for systems thinking in AI

"I'm pretty sure that the next 
leaps in AI will come from 
integrative systems, rather 
than wedges. [We need to] 
focus on building a system 
where the whole is greater 
than the parts.” 

     TechRepublic, 2015
Eric Horvitz



A call for systems thinking in HCI

“It is likely that our designs 
will be more successful if we 
become more mindful of this 
bigger picture, [the mosaic of 
responsive, adaptive 
systems].”                                                                    
             Future Design Mindful 

of the MoRAS, 2000 
George Furnas



Advancing the approach…
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Computational ecosystems are systems, 
designed as integrative solutions.



Computational ecosystems are systems, 
designed as integrative solutions

✤ Computational thinking: 
decompose and distribute 
problem solving to diverse 
people or machines across the 
ecosystem. 

✤ Ecological thinking: create 
sustainable processes and 
interactions that support 
ecosystem members and proper 
ecosystem function. 



Rest of the talk
✤ Two examples: 

✤ Community-based planning 

✤ Research training 

✤ Our latest work in computational ecosystems 

✤ Supporting human practices 

✤ Supporting human experiences 

✤ Role of computational ecosystems in advancing human values



Community-informed planning
an inclusive process that scales and advances the goals of its members





Challenges for 
organizers

✤ Lack information about the 
diverse preferences, 
constraints and knowledge 
held by community 
members  

✤ Lack tools for managing the 
complexity of planning.



Cobi: Community-informed 
planning

1. Engage the entire community in the planning process

2. Give organizers tools to manage the complexity of 
planning and resolve conflicts



1. Engage the entire community in 
the planning process

Committeesourcing AttendeesourcingAuthorsourcing

make sessions collect affinities collect preferences
 [Chilton et al.]  [Andre et al.]  [Bhardwaj et al.]



Core idea: 
incentive chaining

expert 
categories

affinities
as seed



2. Help organizers 
resolve conflicts

Optimize

?



Core idea: Community-informed  
mixed-initiative interface [Kim et al]



Outcomes
1. inclusive process that engaged 1500 community 

members in planning  

2. reduced organizers’ time from 100 hours to 5 hours 

3. organizers produced better schedules by resolving 
100+ previously hidden conflicts while also 
advancing other planning goals





Computational Ecosystem: 
Community-Informed Planning

✤ Collaborative planning across crowds, groups, and 
organizers 

✤ Chain contributions across the ecosystem 

✤ Mixed-initiative interfaces empower organizers to 
make informed decisions using community input, 
system recommendations, and their tacit knowledge 





scale research training: cultivating self-directed learners



Students need regulation skills

✤ Regulation skills: cognitive, metacognitive, motivational, and 
emotional skills for reaching a goal  [Jarvela & Hadwin. 2013]  

✤ Independent research requires regulation skills including 
planning and seeking help to overcome challenges. 

✤ Students lacking these skills are confined to rote tasks, or can 
struggle to make progress.



Set goal

Learn

PlanMake 
progress

Reflect Project
cycle

Agile Research Studio (ARS) 
[Z. et al.]

✤ Model for research training 
in a learning community

✤ All students, regardless of 
seniority, conduct 
independent research and 
receive authentic research 
practice.



ARS scales faculty time

Apprenticeship

very small teacher 
to student ratio
[Collins, 2005]

Hierarchical, 1:1:1

grad students are 
novice mentors
[Shulman, 1986]

The ARS approach: 
Dispersed Control

overcome 1:X
[Bain & Weston,

2012]



To learn more:
     agileresearch.io
     forward.movie
     dtr.northwestern.edu/letters





Outcomes (10 yrs)

✤ 160 students (139 UG, 9 MA, 14 PhDs) 
who led 70+ research projects.  

✤ 46% women. 80%+ this quarter! 

✤ 70 undergraduate research grants 

✤ 30 papers + extended abstracts; 7 
winners at major ACM Student 
Research Competitions  

✤ 40% of DTR undergraduates placed at 
Apple, Google, Microsoft, Meta, and 
Amazon; others have founded their 
own companies.



Success beyond Northwestern
✤ Founded Agile Research University 

(ARU) to support 70+ faculty at 
universities across the world using the 
ARS model (even in the humanities!) 

✤ Produced the DTR documentary, 
Forward 

✤ DTR annual letters to start deeper 
conversations on mentoring and 
learning 

✤ Founded cross-institutional junior 
faculty support group



Planning Strategies

✤ assessing risks

✤ using effective representations for thinking about problems 
and solutions

✤ building at the appropriate fidelity 

✤ prioritizing important features and research questions

✤ moving on despite uncertainty or imperfect knowledge. 
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Help &  
Help-seeking

✤ “I can ask for help and that 
everyone asks for help and it 
doesn’t make them stupid to 
need help.“

Winter 2016





Computational Ecosystem: 
Agile Research Studios

✤ Develop regulation skills for research planning and 
help-seeking across ecosystem interactions 

✤ Extends the scale and capacity of a community to 
produce and learn, and to engage more deeply with 
ourselves and with research





Our recent work: moving beyond 
ecosystem design



1: Developing regulation skills for 
building a self-directed (research) practice

Cognitive skills
✤ representing problem and solution spaces
✤ assessing risks
✤ critical thinking and argumentation
✤ core design, research, and STEM methods

Metacognitive skills and dispositions
✤ planning: forming feasible plans and planning effective iterations
✤ help-seeking: leveraging resources; seeking help; communication skills
✤ reflection: awareness of one’s own skills, abilities, and metacognitive blockers

Emotional regulation and disposition toward self and learning 
✤ emotional regulation: understanding one’s fears and anxieties
✤ disposition: dealing with failure, embracing challenges, embracing self-direction



Building a planning practice in the ARS 
computational ecosystem [Maliakal et al., 2023]



In-action cues for replanning 
[Maliakal et al., 2023]



project
team

project
mentor

Social StructuresProcesses

Sprint
Cycles

Venues

Planning 
meeting

Office hours

Tools

SPRINT 
PLANNING 

TOOL

SLACK

Organizational Objects

Sprint processes
process.sprints.start

Social structures
project.members
project.mentor

Venues
venues.planningMeeting
venues.officeHours

Tools
project.tool.planningTool
project.messaging.channel

Organizational Objects for 
Workplaces [Garg, Gergle, Z., 2023]



Practice Agents for facilitating 
practice [Garg, Gergle, Z., 2024]

Execution
Engine

Pre-Coaching Meeting Reflection

A C

1. Summarize Practice

2. Promote practice and co-regulation

3. Support Reflection

B

D

[help] come to @OfficeHours 
with your rep[synthesis tree] 
and we can chat about the 
implications for your design.

Coach Suggests Practice

Practice Agent  Interprets Practice 

message @Stella the 
morningOf(next(
   venue.OfficeHours))

message @Stella   
 practice.summary and
   library.synthesis_tree

message @Stella the 
dayBefore(next(
   venue.CoachingSession))
with help.reflection and 
append to practiceObject 

Practice Scripts are Generated to 
Facilitate Practice and Reflection

Execution Engine Engages Students in 
Activities at Opportune Moments

Pre-Office Hours Preparation

Studio API

Help
Practice Agent

Practice 
Compiler

At Office Hours: let’s discuss your slice
Deliverable: ________

Reflection: _______

Pre-Coaching Reflection
Lit review missing synthesis 

Representation &
Scaffold Library



Practice Objects for tracking 
practice [Garg, Gergle, Z., 2024]

Prototype missing 
key feature

didn’t seek help 
on prototyping

coaching 
meetingPractice Object

Work Issues

Tracked 
Regulation Gaps

slicing 
work to 

risk

CAP
Notes

need strategies for 
slicing work to risk

use planning-to-iterate 
to slice prototype to risk … prototyping 

plan

Practice Traces

next coaching
meeting

cranking 
out 

work
tends to crank than 
use better strategies

reflect: what are signs 
that you’re cranking?

Regulation Gaps Suggested Practices

slicing
reflection

new 
prototype

signs of 
cranking

work 
reflection

student practices 
and reflects



Summary: Building a self-directed 
practice

✤ Computational supports for facilitating a practice 
across ecosystem interactions

✤ Ecosystem-level monitoring and orchestration to 
promote, coordinate, and restructure interactions 
across a computational ecosystem
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2. Computational Understanding of 
Human Experiences

“an increasing understanding on the part of system 
developers that human activities are enmeshed in a 
variety of [cultural and social] practices and relations that 
make them meaningful by setting a context within which 
they can be understood…”

Seeking a Foundation for Context-Aware Computing 
Paul Dourish, 2001 (!!)



Bridging Human-Machine Understanding 
of Human Experiences [Louie et al, 2022] 



Fundamental challenge: understanding 
human experiences across contexts
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Differ: An Experiential Computing 
Platform [He, Zhang, Gergle, Z.]

1. Define human experience and its 
computational encoding

2. Define accountable perspectives 
and issues of concern

3. Automatically surface differences 
to designers via visualizations

PA

Experience: Sunbathing

Realize by: going to the beach

Machine encoding: 
 “sunbathe”: Yelp.beaches

Perspective
geo.states

Issue
concept fit

beaches.FL {…}
beaches.PA {…}

PA beaches may 
be less suitable 
for sunbathing

FL

in FL?
in PA?



Example: Going on a first date



Summary: Computational 
Understanding of Human Experiences

✤ Computational understanding of human experiences 
is foundational for building richer computational 
ecosystem that support intrinsically valuable human 
activities 

✤ Centering experiential understanding requires its 
own ecosystem of supports - which we can build as 
foundation for supporting other ecosystems! 



(Limited) role of technology in 
advancing human values at scale

✤ Digital computers are 
insufficient for advancing 
human values 

✤ We need computational 
ecosystems not just for 
consequential aims, but for 
advancing human values



Understand the limitations of the 
digital computers

Input Output

Computers reliably produce
 desired consequential outcomes



HCI is largely consequentialist

The role of designers is precisely to “produce 
novel integrations of HCI research [to make] a 
product that transforms the world from its 
current state to a preferred state.”                                  

                Zimmerman et al., CHI 2007



But there is more to advancing human 
value than achieving desired ends

“This suggests a certain diagnosis of the modern mania that perceives 
the point of a life’s work in some set of listable achievements, the point 

of parenting in the production of children with some desired set of 
characteristics and capacities, and the point of intimate relationships in 
some status to whose production and stabilization the participants ought 

to commit themselves. This outlook is a formula for indefinitely 
postponing the good life by dint of a ceaseless, determined pursuit of 

its static simulacrum…” 

Talbot Brewer 
Retrieval of Ethics 



Claim: computers can never be the be-all and end-all 
to promoting human values rooted in intrinsically 
valuable human activities [Z., 2024]

Input Output

Computers encode consequentialist thinking



Claim: computers can never be the be-all and end-all 
to promoting human values rooted in intrinsically 
valuable human activities [Z., 2024]

Input Output

Computers encode consequentialist thinking



The real value of computational 
ecosystems is not “merely"consequential

✤ Computational Ecosystems 
produce desired goods and 
services; they solve 
consequential problems  

✤ Computational Ecosystems 
promote engagement in 
intrinsically valuable human 
activities



Values you wish 
to scale

Technological 
solutions



“Technological 
values”



Values you wish to scale



Mindful of values. 
Accept the limits of technology. 
Learn to scale.

✤ Ecological thinking: create 
sustainable processes and 
interactions that foreground the 
intrinsic value of human 
engagement 

✤ Computational thinking: 
decompose and distribute 
problem solving to diverse 
people or machines
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