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to Societal Challenges
Through Computer Simulation

October 2, 2024
Paolo Gaudiano, Chief Scientist
Aleria Research Corp

4&‘\ C #TECHFORWARD 2024

pppppppppppppppppppp
EEEEEEEEEEEEEEEEEEEEE






NEXUS

Animal Welfare
iodiversity

and B

Working Groups —
Energy Innouation
and the

Equaj Justice
nvironment




1%‘\ C #TECHFORWARD 2024 4

EEEEEEEEEEEEEEEEEEEE
AND EQUITABLE SOCIETIES



Microlens a

¥
[

Color filter ——~

light-receiving—"
surface

(. '
b y \
b 4
A A, i k § b
w i i \
v W { | \
v =l | i |: ] ‘-I
1 i 1 .
j 1 I b [
r— - )
1

Connecting— =
Mitochondria cilium Substrate 1
Photodiode
NMEBLE Wiring and

circuitry — X

Additional

Synapse
s drcuity ——72 =

Rod cell Cone cell

-ﬁ‘\RC #TECHFORWARD 2024 5

RESEARCH FOR INCLUSIVE
AND EQUITABLE SOCIETIES



Deterministic BEHAVIORS Emergent
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Independent ELEMENTS Interacting
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Definition of "emergent behavior”

A system's behavior is said to be
emerqgent if it cannot easily be
explained or predicted from the

behavior of the individual elements
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Many human systems are also
complex (i1.e., they exhibit
emergent behaviors)

R U o @2022 P. Gaudiano, all rights reserved
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Stock markets
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All examples of Complex Systems

A system iIs said to be complex if:
1. It consists of many interacting elements

2. The system exhibits emergent behaviors
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Virtually every societal
problem you may be
Interested In tackling iIs a
complex system!
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The nonprofit’'s alleged goal

How do we design our
programs to achieve desired

outcomes and impact?
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The nonprofit's actual goal

How do we define individual
behaviors and interactions to
produce desired emergent
behaviors?

"5‘\ C #TECHFORWARD 2024
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ORGANIZATIONAL CHART

The i1llusion

WARNER & SPENCER

Samira Hadid

CEO

Aaron Loeb
Fundraising Director

Jonathan Patterson Drew Feig

Staff Director Communication Director

l

| [ |

Donna Stroupe
Commissioner

Francois Mercer
Product Manager

Matt Zhang

Estelle Darcy
Marketing Director

Helene Paquet
Finance Director

Program Manager
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Claudia Alves
Project Manager

Juliana Silva
Project Manager

Sacha Dubois
Project Manager

Ketut Susilo
Project Manager

Chiaki Sato

Project Specialist

Bailey Dupont
Project Specialist

Hannah Morales
Project Specialist

Taylor Alonso
Project Specialist

Neil Tran
Worker

Howard Ong
Worker

Yael Amari
Worker

Inputs
(Resources)

Food donations from local
businesses and indhviduals

Financial donations
and grants

Warehouse and
distribution facilities

Volunteers and
staff members

Partnerships with local
agencies and other
nonprofits

|

External
Influences &
Qutside Factors

Activities

Collect food donations
from various sources

Distribute food to eligible
individuals and families

Sort, store, and package
donated food items

Collaborate with other local
organizations to identify and
support individuals in need

Conduct community
outreach and awareness

campaigns

i

Economic conditions: Unemployment rates, poverty levels, and local cost of living
can affect the demand for food bank services and the availability of resources.

Public attitudes and awareness: Perceptions of hunger, poverty, and the role of
food banks can influence community support and engagement.

# TECHFORWARD 2024

OQutputs

Quantity of food
collected and distributed

Number of individuals
and families served

MNumber of community
partnerships established

Mumber of outreach events
and campaigns held

Number of volunteers
engaged and hours
contributed

|

Immediate

Improved food security for
individuals and families in
need

Increased awareness of the
food bank’s services within
the community

Strengthened relationships
with local businesses,
agencies, and nonprofits

Expanded volunteer base
and community support

i

* * Nonprofit logic model

Outcomes

Intermediate

Increased local investment
in addressing food
insecurity and poverty

Reduction in hunger and
malnutrition rates within the
community

Greater community
cohesion and social support
Networks

Enhanced capacity of the
food bank to respond to
changing community needs

|

Long-term

Sustainable reduction in
hunger and food insecurity
within the community

Improved overall health and
well-being for community
members

Greater social and
economic stability in the
area

Lasting impact on

community resilience and

the development of local
support systems

i

Government policies: Legislation and regulations can impact funding, food safety
standards, and the operating environment for nonprofits,

Natural disasters and emergencies: Unexpected events can increase the

demand for food bank services and strain available resources.

18
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A further... complication

A system does not need
to be complicated in order
to be complex!
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The aggressor-defender game
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Version 2 always leads to “clustering™

%{\ & # TECHFORWARD 2024 24
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Why should we care?

- Knowing the behavior of every individual is
not enough to predict system behavior

- Slight changes in rules or interactions can
lead to dramatic changes Iin system behavior

We need a different approach!

l%‘\ C #TECHFORWARD 2024
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A human-centric approach:
Agent-Based Simulation (ABS)

Behavioral Sciences
to understand individual

\% ’ behaviors a:d attitudes

Computer Simulations
to capture interactions
between individuals

% C #TECHFORWARD 2024
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ABS: a human-centric approach

- Simulate the behavior of
iIndividual drivers (driving
style, start/end points,
response to conditions...)

- Adjust behaviors until overall
traffic patterns are replicated
accurately

4%‘\ C #TECHFORWARD 2024 28
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What are typical driving behaviors?

- If there i1s nobody ahead,
accelerate

. If there Is someone ahead, hit
the brakes

- Avoid collisions
- Stay on the road

We can build an Agent-Based ®
. : A Wilensky, U (1997). NetLogo Traffic Basic modéel.
S Imu I a t 100 1IN N e t L O g O ’ http.:// ccl.northwestern. edu/netlogo/models/ TrafficBasic. Center

for Connected Learning and Computer-Based Modeling,
Northwestern Uhiversity, Evanston, /L

4%‘\ C #TECHFORWARD 2024 29
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ABS In a nutshell

- Shift viewpoint from system (top down) to
individual elements (human-centric)

- Each agent follows its own rules

- Behavior depends on interactions with other
agents and environment

- Overall system behavior emerges from local
Interactions

l%‘\ C #TECHFORWARD 2024
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Sample applications
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Improving Entry-Level Job Opportunities

for Youth

Client s i<Nele il
- W.K. Kellogg Foundation

Challenge

- |dentify non-traditional skills
to help at-risk youth succeed
with entry-level positions

- Show value of non-traditional
skills to employers

EMPLOYER e
[cscm] et |

Outcomes
- Developed simulation of

Welcome to a new, entry-level employment site where
employers & talented youth discover one another in a more meaningful way.

" T, Click here for an intr 1 vide
employer “path” through
ngm » Find great entry level jobs » Find great talent for your » Find youth in need of your
e n t ry_ I eve I p O S Itl O n and learn what they're like. entry-level positions. services and programs.
» Explore career paths. » Optimize new hiring criteria. » Invite them to participate.

Accass helpful services and » Monitor progress and report » Monitor progress and report

- |ldentified quantitative SiDuling progras. on peiommance o porcrmance

metrics to maximize success

‘ JF W. K. Kallogg Foundation + Living Classrooma | © 20 il rights

4&‘\ C #TECHFORWARD 2024 32
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Exploring flshery sustalnablllty

Client
- The Rockefeller Foundation

Challenge S S ¥ | e
- Explore tradeoffs in the e s R UREET — -
management of the Mindoro » e — <. '

fisheries sheri | WA TS R  § ROKEFELLER
FOUNDATION e

: Utc D m es Hypothetical: Mindoro with Large Middleman Profit Share

- Developed simulation
including dynamiCS pf the connovscmmvonmernrocor |
fish populations and of the

IMPACT OVERVIEW DETAILS

—_—

Difference between baseline and application of interventions at simulation end

Capital to Decrease Cost of Living Fish Stock socrcase 7
local economy and welfare weor o e R »
Municipal Fisher Population defi[ggse M
¢ C reated i n te ra Ctive Capital to Increase Productivity Municipal Fisher Per-Capita Profit defi[fjﬁse N ‘
soen  r— Municipal Fisher Per-Capita Surplus d;i[ggse MNP

dashboard to test out a wide Joon AN |
Capital to Increase Quality of Fish ‘

range of what-if scenarios .

Stock Total Catch

Remove Middlemen 20000

Present Absent — |ntervention Stock

MoC #TECHFORWARD 2024 g
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Better jobs for front-line workers

Preferences |--.
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-
~
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Skills

Life Events
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™ | =

Employees

Vi

il
|

Hiring practices

“h
“\
)
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Employee
_ growth opport.
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Company

— e g—

"

Workplace

Satisfaction

Experiences >~ . I

\f—M

HOW TO USE J-QIE:

7
L]

STEP 1: Choose a scenario

Choose Job-Qual factors for Fashion2

OPTIONAL: Change the display

Select which employee variable to plot (need
to re-initialize and re-run to see change).

employee-display-var
total-hours-worked 7

STEP2: Initialize and run J-QIE

You need to initialize before every run.

INITIALIZE RUMN SIHI.ILATIDI!bl

Weeks elapsed:
50 of 50

The Job-Quality Impact Explorer (J-QIE) - ©2023 Aleria Research Corp (ARC)

Cust. helped I

Tot. Revenues | I——

COGS

Labor costs

Profits

OuUrs workec

STEP 3: Explore the results

This window shows company YTD KPls every 30 days. Use the buttons below
to show different information {no need to re-run the sim)

DISPLAYING YTD FINANCIALS at the end of day 351:

COMPANY: Fashionl (gray, 5 employees):

- Customer visits: 25623 (72.8/day)

= Customers helped: 21675 (12.3/empl/day)

- # of employee sales completed: 9856 (5.6/empl/day)
- Revenues from employee sales: 51,684,370

- Yalue per empl. sale: $163

- Revenues from unassisted sales: 543,472 ($124/day)
- Gross revenues: $1,647,842 (54,681/day)

- Labor costs @ $156,723 (s445/day)

= CO0GS: 4$B15,B60 (52,318/day)

- Profits: 831,982 (52,364/day)

= Gross margin (w/08% mrkp): 58.5%

COMPANY: Fashion2 (orange, 5 employees):

= Customer visits: 25924 (73.6/day)

- Customers helped: 18649 (18.6/empl/day)

- # of employee sales completed: 8439 (4.8/empl/day)
- Revenues from employee sales: §1,278,37@

= Value per empl. sale: $151

- Revenues from unassisted sales: SB8,587 (5229/day)
- Gross revenues: 51,358,957 ($3,B38/day)

= Labor costs : $156,617 (5445/day)

- C0GS: $697,008 (51,988 /day)

- Profits: $653,957 (s1,858/day)

- Gross margin (w/60% mrkp): 48.4%

Cﬂmpa_mr KPls U_iew Daily Emp_lﬂ',ree Activities

Daily KPls YTD KPls

Fashion 1 | Fashion 2

Mo

RESEARCH FOR INCLUSIVE
AND EQUITABLE SOCIETIES

We gratefully acknowledge the support and funding for this project from
Innovation Resource Center for Human Resources (IRCAHRE) https://ircdhr.org.

# TECHFORWARD 2024

Client

Innovation Research Center
for Human Resources

Challenge

Show the positive financial
impact of improving job quality
for front-line workers

Outcomes

Developed J-QIE, an ABS of a
typical retail environment

Showed that under a wide
range of assumptions,
Improving job quality yields
superior outcomes across
typical corporate KPls

34



Corporate Diversity, Equity & Inclusion

INITIAL ASSUMPTIONS SIMULATON RESULTS

_ _ TIME _\ COMPANY TOTAI___ __ HIRED PROMOTED ~ SEPARATED
Gender balance Promotion bias? Weeks Men Women Men Women Men Women Men Women
Balanced YES 261 128 119 81 88 152 23 34 60

22%

2%

A
AARRT BRI A M 4 FEEESERUYIN

. - 60%

B A RE R UE R RVRAR AL AR LA LD ARE B LA B ARLAI AR

40%

Engineering and industrial manufacturing Banking and consumer finance

1%‘\ C #TECHFORWARD 2024
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Clients
Many companies

Challenge

How to help executives
understand the value of DEI
and how to do It.

Approach

Simulate a generic multi-level
organization

Outcomes

Determined that inclusion
drives diversity and equity

Invented a way to measure
Inclusion

Matched industry data

—_—

i

35
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Diversity =

quity
Inclusion

1%‘\ C #TECHFORWARD 2024
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My definitions:

Inclusion Is what you do
Diversity is what you get

Equity Is what you want

%"\ C #TECHFORWARD 2024
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INITIAL ASSUMPTIONS

Gender balance Promotion bias?
Balanced NO

R {2 124 M & 4 A7 1

50% 50%

L3 ) i i A M AR AL RARA L R

50%

A Wer R AR 1 A it 1 #RARZA R 1M RIR it 1k

50% 50%

P ARY Ak RR

50%

R RAMRMIIR & | MARRA 4 2

7

50%

i A 11 MEARALI




INITIAL ASSUMPTIONS SIMULATON RESULTS
TIME COMPANY TOTAL HIRED PROMOTED SEPARATED

Gender balance Promotion bias? Weeks | Men Women Men | Women Men Women | Men | Women

Balanced NO 0 | 80 80 0 0 0 | O | O 0

A1 1

S 11 RMM MR AL 1 R4

50% T 50%

I: R ARE 1 A fid 1 ERARX % iD4  RIMG i 1@

50%

'1

R kR RAR B AR AMMYE & 1 RIRRE 4 X # { A4

50%



INITIAL ASSUMPTIONS SIMULATON RESULTS
'TIME ~ COMPANY TOTAL HIRED ~ PROMOTED  SEPARATED

Gender balance Promotion bias? Weeks Men Women Men Women | Men Women Men Women
Balanced NO 261 127 119 73 66 69 64 28 35

i% 11 ik Mt AR 1 ik

4 8%

BOAR AW TE T R TRINARAIBIA ARIAA A

47%

1
WO RMA ATLD A AR A AR

5%

} A

{
) A

A OAMRARRIBEY BRIMIA B R RIEAM PR RIURAM  MME R

52%

MR AR kR A IARE B

48%




Introducing bias
In the promotion process

4i‘\ C #TECHFORWARD 2024
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INITIAL ASSUMPTIONS

Gender bhalance Promotion bias?
Balanced YES

ik A

A i ﬂgrgl_i\ 'R b R AL
EXCIUSION

| W A4 MMM BA  ALAR B D AR MLAR AN BARAL i

Mi &1 2 MR &t 4 2 MEA% IRIR A4 BRR MR A

5 0%

1 HIREAT AR 1A

— —m — —— e e —m ——



Start Balanced,
Promotion Biases



INITIAL ASSUMPTIONS SIMULATON RESULTS
COMPANY TOTAL HIRED PROMOTED SEPARATED

Gender balance Promotion bias? Men Women Men Women | Men Women Men Women
Balanced YES 128 119 81 88 152 23 34 60

22%
AEAMI R A 1 A kA AR 4 |

78% 22%

REdt 4 R A 2 ARkt 24ARIA B 0%

70%

A B

30%

AT ORRIRE A MATR 1 TR AMMILG A1 RAT AR

- 60%

A BARLEL ARRE

A A1 A A
MW 4 RT O FIAEY RBRARRI & MR T A RL MARRI WY

40% 60%



Presenter Notes
Presentation Notes
What you see is that, even though the promotion bias is the same at every level, the effect accumulates, so that you get greater and greater gender imbalance at higher and higher – in this case the executive level is roughly 80% men!
And it may seem paradoxical, but in this example do you see how at the entry level there are more women than men? That’s because, even though in the simulation we are hiring the same number of men and women, the men are getting promoted faster, while the women stay stuck at the lower level.
Does this look like a familiar situation to you? 


Inclusion is what you do
Diversity is what you get

Retall Banking Engineering
B Men Women B Men Women B Men Women
E ¢ ' DATA ' DATA | DATA
xecutive SIM SIM SIM
DATA DATA DATA
VP SIM SIM SIM
DATA DATA DATA
Manag er SIM SIM SIM
DATA DATA DATA
Entry SIM SIM SIM
50% 50%

Industry data source: McKinsey & Company: Women in the workplace, 2078
Simulation data: Zhang and Gaudjano, 2023

5‘\ C #TECHFORWARD 2024 45
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Presenter Notes
Presentation Notes
In fact, we have been able to use our simulation to replicate data from McKinsey and LeanIn showing the gender balance across a variety of industries. Here we show the data for the Banking & Consumer Finance industry. The chart shows the percentage of women at the four levels for that industry. The Black bars are from the McKinsey study, while the gray bars were obtained with our simulation, simply by changing the amount of hiring and promotion bias.


Inclusion drives performance

4i‘\ C #TECHFORWARD 2024
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Productivity .,

Satisfaction

Retention ., %\\W

RISRERIVRERIIN

Time
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Inclusion is what you do

Diversity I1s what you get

Equity I1s what you want

4%‘\ C #TECHFORWARD 2024
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Satisfaction

Time
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Wrapping up

4--%‘\ C #TECHFORWARD 2024
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Key take-aways

. Complexity is everywhere!
- Traditional analytical approaches don't work
well with complex systems

- Agent-based simulation is a powerful tool to
analyze and manage complex systems

l%‘\ C #TECHFORWARD 2024
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Check out my new book!

=]

MEASURING

Higher profits

& happier people,
without guesswork
or backlash

MEASURING

.....

“A more strategic, data-

informed approach to DEI.” Use code M|BOO KZO

Sr. Director, Global Talent Management
Levi Strauss & Co.
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