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How can we create scalable solutions to human
oroblems 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 Al technology can
@ replace the mentor in the
foreseeable future.

= [Jarvela & Hadwin, 2013]




Options

« Wait for a technological silver bullet

+ Compromise

+ Or...7
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A call for systems: having great
components Is not enough.

Atul Gawande

"...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.”

TEE) 201



A call for systems: having great

components Is not enough.

Atul Gawande

“Making systems work is the
great task of our generation
of physicians and scientists. |
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.”



A call for systems thinking in Al

Eric Elorvitz

"I'm pretty sure that the next
leaps in Al 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



A call for systems thinking in HCI

George Furnas

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

Future Design Mindful
of the MoRAS, 2000
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Advancing the approach...
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Computational ecosystems are systems,
designed as integrative solutions.
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Computational ecosystems are systems,
designed as integrative solutions

+ Computational thinking:
decompose and distribute

Community Process : problem solving to diverse
| people or machines across the
A nteracions ecosystem.
Individuals Community
Intelligent Systems / . + Ecological thinking: create
e s T 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
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Challenges for [ —

7R 5L Al SRR

organizers - i1
1 ~eus ) I
A )

+ 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

pn1171 (Paper)
Investigating the Long-Term Use of

| Exergames in the Home with Elderly Fallers
| Stephen Uzor, Glasgow Caledonian University
' Lynne Baillie, Glasgow Caledonian University @ Exergames (2)

In Categories
) Older Adults (0)

#Motivation (1)

| Abstract: Rehabilitation has been shown to @health and behavior change (1)

significantly reduce the risk of fall... (more)

@ Health Care (4) 1

' '
w

@Home (2)
)User Studies (0)

@ Rehabilitation (2)

#SC_Applications-V (28) +0

add a category

make sessions

[Chilton et al.]

Attendeesourcing

Monday, 11:00-12:20

¥ Managing Social Media E =

s A conmenae |

Paper Room: Blue

2. We've identified 10 papers that may be similar to yours. o
Tell us how they would fit in a session with your paper:

Authorsourcing

Your Paper: A Pilot Study of Using Crowds in the Classroom

1. Tell us your name: (as it appears in the paper)

Crowdfunding inside the Enterprise: Employee-Initiatives for abstract

Innovation and Collaboration » Enhancing Access E =
_)Great in same session

; X recommended
_Okay in same session 8 _

_Not sure if it should be in same session Paper Room: 242A
_Should not be in same session PRETIIIINSS

collect affinities collect preferences

[Andre et al.] [Bhardwaj et al.]



Core 1dea:
mmcentive Chaining

Your Paper: A Pilot Study of Using Crowds in the Classroom

In Categories
) Older Adults (Q)

| pn1171 (Paper)
| Investigating the Long-Term Use of

| Exergames in the Home with Elderly Fallers
Stephen Uzor, Glasgow Caledonian University
|| Lynne Baillie, Glasgow Caledonian University @ Exergames (2)

#Motivation (1)
1. Tell us your name: (as it appears in the paper)

expert
categories

@ health and behavior change (1)

Health Care (4)

#/Home (2)
() User Studies (0)

Abstract: Rehabilitation has been shown to
significantly reduce the risk of fall... (more)
i

2. We've identified 10 papers that may be similar to yours.
Tell us how they would fit in a session with your paper:

Crowdfunding inside the Enterprise: Employee-Initiatives for abstract’
Innovation and Collaboration

(_Great in same session

(_Okay in same session

_Not sure if it should be in same session

_Should not be in same session

#Rehabilitation (2)

#SC_Applications-V (28)

add a category

affinities
as seed

Monday, 11:00-12:20

¥ Managing Social Media k£ =

¥ Y x | maragement|

Paper Room: Blue

* Enhancing Access £ =

y Chcian P eattn ] vx I cesian

Paper Room: 242A
]



2. Help organizers
resolve conthlicts

- ~ SR
pn1171 (Paper)
Investigating the Long-Term Use of
Exergames in the Home with Elderly Fallers
Stephen Uzor, Glasgow Caledonian University
Lynne Baillie, Glasgow Caledonian University @ Exergames (2)

In Categories
Older Adults (0)

#Motivation (1)

@ health and behavior change (1)

Abstract: Rehabilitation has been shown to
significantly reduce the risk of fall... (more)

#Health Care (4) 1

' '
W

Your Paper: A Pilot Study of Using Crowds in the Classroom

1. Tell us your name: (as it appears in the paper)

#Home (2)

—User Studies ()

#Rehabilitation (2)

#SC_Applications-V (28)

add a (,‘,UIOLJU‘”;,’

Dptimize

2. We've identified 10 papers that may be similar to yours.
' Tell us how they would fit in a session with your paper:

Crowdfunding inside the Enterprise: Employee-Initiatives for abstract
Innovation and Collaboration
_)Great in same session
_Okay in same session
Not sure if it should be in same session
Should not be in same session

Monday, 11:00-12:20

* Managing Social Media E =
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* Enhancing Access E =2
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ore idea: Community-informed

mixed-initiative interface ...

Cobi
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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



Edit Count
180 -
150 - Resolve |author conflicts
100 Edit session titles
l
90
Make ccl)herent sessions
S Balance awards
o Adjust session length
|

Switch rooms

Reorder papers

|

Assign session chairs

Conflicts Count

W session moves

" paper moves
chair moves
meta edits

—=conflict count

g Al

- 200

E 150

- 100

I e T p |
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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.



Agile Research Studio (ARS)

/.. et al.]

+ Model for research training ot aoa
in a learning community :

+ All students, regardless of @ Project
seniority, conduct cycl

independent research and
receive authentic research
practice.

eo

Make
progress



ARS scales faculty time

The ARS approach:
Dispersed Control
Apprenticeship Hierarchical, 1:1:1 .,\/-w..\
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very small teacher  grad students are overcome 1:X

to student ratio novice mentors [Bain & Weston,
[Collins, 2005] [Shulman, 1986] 2012 ]



Agile
Process

Social
Structures

Virtual
Studio
Tools

——— PLAN i+ PROGRESS — |
— Week 1 | b— Week 2
Team meeting SIG meeting Studio Meeting Team meetings SIG meeting Studio Meeting Team meetings Team meeting
- sprint plan - plan review - peer help - work - progress & - peer help - work - sprint reflect
- demo & critique - research log blockers - demo / critique - research log
\ N - learning modules -get help \ - learning modules - get help
‘ Show q T A \ .
plan 9 M _ Seek help Match help seekers / givers Capture learning
RESOURCES ‘ entoring
- f\J\ I
@ Show _» FACULTY &
~ problems HELPERS —_—
SPRINT stubio P V\c/HAT 22N 22N S
RESEARCH LOG

IOG ——  VIEW

PAIR RESEARCH

To learn more:
agileresearch.io
forward.movie

REFLECT —

—

Check-in
- learning reflect
- project reflect

T

Self-assess learning

S

IDP

dtr.northwestern.edu/letters






<+ 160 students (139 UG, 2 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

Watch Film

+ 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.



Help &
Help-seeking

+ "l can ask for help and that
everyone asks for help and it
doesn’t make them stupid to /e N\
need help.”

® Winter 2016
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Computational Ecosystem:

Agile Research Studios

+ Develop regulation skills for research planning and

nelp-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

Community Process

Individuals

/
[e0

Social Structures
& Interactions

Intelligent Systems
& User Interfaces

End-user % > Enabling

Interfaces

{5}

Technology

Community

R

Collaborative

Phases s
time
o Q)
m ® BB =(®
= .\ ‘l‘ )
Leads Group

Monitoring Task
System Routing

i

Mixed-Initiative



I: Developing regulation skills for

building a sell-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

C()mputati()nal CCOSYSLCIM Maliakal et al., 2023

link problem to risks

PLANNING

link risks to plan

expert process

¢
knowledge needed : design problem + : ommon design risks
9 ' argumentation structures
‘ -----------------
component solutions
ARS planning subsystem

focus plans on key risks

------------------

SIG




In-action cues for rep]anning
Maliakal et al., 2023

@ The Compass - Share Deliverables and Update Plan before CE SIG . .
WORKFIOW) 9:15 AM opportune replanning moment
Have you met your deliverables before SIG tomorrow? Did you address
your risks? What risks will you focus on this week? @ G

@ I

To get the best planning feedback in SIG, update your plans with what you
hope to tackle this week: [Compass]

planning
meeting

React once you have...
shared your deliverables from last week
| updated your risks for this week

(A) before SIG:
share deliverables +

update plan .
2R updated your planned deliverables for this week P P (B) after SIG:
,./ updated your planned next steps update plan
risks: @ The Compass - Update Plan after CE SIG WORKFLOW  5:10 PV

1. We need to make sure that we accurately gauge the problem that Looks Iil.<e YOu Jot.8 o of planning feedback!
users are having so that we can make a design argument that [Collective Narrative Compass]
accurately suits their needs

Based on your SIG discussion, react once you have...
2. We need to also figure out/solidify who our user group is, because |

1 updated your risks
this will change what their goals are and how we approach this 2R updated your deliverables

R p— ,./ updated your planned next steps
1. User interview plan

2. User interview results

3. Updated problem statement (and maybe design argument??)



Organizational Objects for

W() | kp]aCGS Gare Gorale 7 03]

Organizational Objects

Sprint processes
process.sprints.start

\> Social structures

project.members
project.mentor

T

Venues
venues.planningMeeting

/

Processes Social Structures
Spr;”t project project
e team mentor

/

Venues Tools

Planning  Office hours
meeting

venues.officeHours

Tools
. project.tool.planningTool

project.messaging.channel




Practice Agents for facilitating
praCtice 'Garg, Gergle, 7., 2024]

Coach Suggests Practice Practice Scripts are Generated to Execution Engine Engages Students in
Facilitate Practice and Reflection Activities at Opportune Moments
g ; ] 1. Summarize Practice
[help] come to @OfficeHours r ) Practice Bot AP? Monday 1:00 PM
with your rep[synthesis tree] e e and Representation & o o
and we Can Chat about the an Scaﬂ:OId Library Coaching Meeting that might be helpful to work on:
implications for your design. L J it review missing synthesis
= < 2. Promote practice and co-regulation - let's discuss your slice at Office Hours
message @Stella the e Pre-Office Hours Preparation
( ( —> |I==
)) Z=x Pre-Coaching Reflection
Practice Agent Interprets Practice - g E ti ; . : g ¢
) Hecuvon Lit review missing synthesis
3. Support Reflection Engine
? rmessage @Stella the ) ‘ At Office Hours: let's discuss your slice
) :
0101110 Deliverable:
L e
o \_/ . — i .
!-Ielp Practice with and = d Reflection: __
Practice Agent Compiler append to Pre-Coaching Meeting Reflection
- / Studio API



Practice Objects for tracking
praCtice 'Garg, Gergle, 7., 2024]

) (A (>
_ : coaching () CAP student practices @ next coachlng @ @
Practice Object meeting [ oles and reflects meeting
Work Issues
Trac_:ked Prototype missing | | didn’t seek help
Regulation Gaps key feature on prototyping
slicing S
work to Regulation Gaps Suggested Practices Practice Traces
risk —_—  —
. | need strategies for | : | use planning-to-iterate | : | prototyping | | new || slicing
- | slicing work to risk - | to slice prototype to risk § | plan prototype reflection
tends to crank than | reflect: what are signs | signsof ||  work
| use better strategies | :|that you’re cranking? .| cranking reflection




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



2. Computational Understanding of
Human Experiences




2. Computational Understanding of
Human Experiences

yelp»}: parks () La Jolla, San Diegc © n Yelp for Business v Write a |

Restaurants v Home Services v Auto Services v More v

Active Life > Parks

parks La Jolla, San Diego, CA Sort: Recommended v ®

= Al Price v Open Now Good for Kids Dogs Allowed Open to All Offers Military Discount

1. Kellogg Park
00000 4823 reviews)

Playgrounds Parks La Jolla Shores

QI “There are great shops around and | love the covered park and with a
beautiful view.” more

2.La Jolla Cove

nonn‘ 4.6 (1.5k reviews)

Parks Beaches LaJolla

QI “The beach and park were pretty. There were some interesting trees
throughout the park which were all...” more

3. Maruta Gardner Playground

00000 4824 reviews)

Playgrounds

¢ “We love this park! The structures are all so unique and it's honestly a fun



2. Computational Understanding of

Human Experiences

yelp~:

Active Life > Parks

parks La Jolla, San Diego, CA

= Al Price v

(x] La Jolla, San Diegc ©® B Yelp for Business v Write a

Restaurants v Home Services v Auto Services v More v

Open Now Good for Kids Dogs Allowed Open to All Offers Military Discount

1. Kellogg Park
nnnnn 4.8 (23 reviews)

Playgrounds Parks La Jolla Shores

QI “There are great shops around and | love the covered park and with a
beautiful view.” more

2.La Jolla Cove

noon‘ 4.6 (1.5k reviews)

Parks Beaches LaJolla

QI “The beach and park were pretty. There were some interesting trees
throughout the park which were all...” more

3. Maruta Gardner Playground

nnnnn 4.8 (24 reviews)

Playgrounds

¢ “We love this park! The structures are all so unique and it's honestly a fun

Sort: Recommended v

yelp=s

Warm Meal on a Cold Day () La Jolla, San Diego, CA © E
Reservations Offers Online Waitlist Offers Delivery Offers Takeout
1. Cove House

DO0O0OEL 4463 reviews)

@© LaJolla * $$ » Open until 6:00 PM

O ‘“They were not thoroughly heated to a piping hot temp however. Service was great

New American Breakfast & Brunch Bars

2.Duke’s La Jolla
D000 416.7kreviews)

@© Lajolla * $$ * Open until 8:30 PM

O “Plenty of heat lamps to keep you warm on cool nights. We really liked that they ha\
by the...” more

New American Breakfast & Brunch Seafood

3. Parisien Gourmandises

CO00E 45 292reviews)

© La)olla * $$ * Open until 5:30 PM

 “For the danish, the tomatoes were pretty cold so it would've been nice if it could've
heated up...” more

Bakeries Patisserie/Cake Shop Desserts



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]
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Fundamental challenge: understanding
human experiences across contexts




Fundamental challenge: understanding
human experiences across contexts




Fundamental challenge: understanding
human experiences across contexts




Differ: An Experiential Computing

P]atf()l‘m He, Zhang, Gergle, Z.]

: _ Y ¥ , PA beaches may
Experience: Sunbathing -,Cl)\- Perspective FL  be less suitable
: L geo.states beaches.FL {..} for sunbathing

Realize by: going to the be%gh . beaches.PA {.} |—bb

Machine encoding: A Issue NV .

“sunbathe”: Yelp.beaches t fit _,O\_ %h InFL? PA
conceptl | —=!< in PA?
1. Define human experience and its 2. Define accountable perspectives 3. Automatically surface differences

computational encoding and issues of concern to designers via visualizations



Example: Going on a first date

Number of Places Good For First Date Experience
Across Budget Ranges
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Summary: Computational
Understanding ol 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 ol 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 imitations of the
digital computers

hput:. — > === QUutput

Computers reliably produce
desired consequential outcomes



HCI is largely consequentialist

The role of designers is precisely to “produce
novel integrations of HCl research [to make] a
poroduct 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]

hput:. — > . === QUutput

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]

Searching for the Non-Consequential: Dialectical Activities in
HCI and the Limits of Computers

Haogqi Zhang
Northwestern University
Evanston, IL, USA
hq@northwestern.edu

ABSTRACT

This paper examines the pervasiveness of consequentialist thinking
in human-computer interaction (HCI), and forefronts the value of
non-consequential, dialectical activities in human life. Dialectical
activities are human endeavors in which the value of the activity is
intrinsic to itself, including being a good friend or parent, engaging
in art-making or music-making, conducting research, and so on.
I argue that computers—the ultimate consequentialist machinery
for reliably transforming inputs into outputs—cannot be the be-
all and end-all for promoting human values rooted in dialectical
activities. I examine how HCI as a field of study might reconcile the
consequentialist machines we have with the dialectical activities
we value, and propose computational ecosystems as a vision for HCI
that makes proper space for dialectical activities.

But while the HCI mission of using computational technologies
to shape the world to meet our needs and desires rolls on full steam,
questions to the very idea of focusing on the production of de-
sired ends remain largely unanswered. As is the case in our culture,
much of HCI research and practice is rooted in consequentialist
thinking: reasoning about actions as means for achieving desired
outcomes and ends. But as philosophers have contested across mil-
lennia, certain quintessential human values, activities, and ways
of being cannot be easily reconciled nor understood through the
consequentialist lens. For instance, dialectical activities [25], or ac-
tivities whose values are rooted in the intrinsic nature of the activity
itself and that are revealed only through repeated engagement with
the activity—such as parenting, being a good friend, engaging in
art-making and other creative pursuits, conducting research—do
not easily reduce to producing certain desired outcomes. Continued



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

+ Computational Ecosystems

Community Process ' : produce desired goods and
| services; they solve
Social Structures consequential problems
individusl Commanty
intelligent Systems / s %+ Computational Ecosystems
e 4 T promote engagement in

\ intrinsically valuable human

activities



Values you wish Technological
to scale solutions



“Technological

values”



Values you wish to scale



Mindful of values.
Accept the limits of technology.
lL.ecarn to scale.

+ Ecological thinking: create

Community Process : sustainable processes and
interactions that foreground the
ocial Structures intrinsic value of human
Ind’i/viduals Comn<ni:y engagement
Intelligent Systems
& User Interfaces 2 5 Z
s T + Computational thinking:

~—_ decompose and distribute

problem solving to diverse
people or machines
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