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Objectives:

« Pedestrian fatalities on the rise -- an important problem

What makes certain problems so hard?

What can systems science add?

— What do | mean by “system” anyway?

Our early use of systems science to study pedestrian fatality trends
— WORK IN PROGRESS!!!

— Understanding mental models
— Testing hypotheses against the data

Next steps
— Testing hypotheses against the literature
— Decision support modeling
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The problem

Number and rate of pedestrian deaths, FARS, 2000-2016
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A core tenet of systems science: The Iceberg

EVENTS React
What just happened?
PATTERNS/TRENDS Anticipate

What trends have there been over time?

Source: https://www.nwei.org/iceberg/
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We need to get further under the water... and understand the “system”

But what do | mean
by “system?”
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A core tenet of systems science: The Iceberg

EVENTS React
What just happened?
PATTERNS/TRENDS Anticipate

What trends have there been over time?

UNDERLYING STRUCTURES Design
What has influenced the patterns?
What are the relationships between the parts?

Source: https://www.nwei.org/iceberg/
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Detall complexity

 Lots of parts
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Detail complexity

 Lots of parts
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Dynamic complexity

Interconnected factors Dynamics & feedback loops Nonlinear relationships

Pedestrian Risk From Vehicular Impact
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Dynamic complexity

Interconnected factors

vehicle-miles-traveled
poor-pedestrian-infrastructure

urba.mzatlon

dlsfréctlon

EXposure....

tCCh low -gas-prices b
spee co-morbidities
h-speed-arterial-road

. vR DAD SAF ETY www.roadsafety.unc.edu | June 5, 2018



Dynamic complexity

Dynamics & feedback loops
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Dynamic complexity

Nonlinear relationships

Pedestrian Risk From Vehicular Impact
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Wicked problem

« Disagreement on “the” problem (or even if there is one)
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A core tenet of systems science: The Iceberg

EVENTS React
What just happened?
PATTERNS/TRENDS Anticipate

What trends have there been over time?

UNDERLYING STRUCTURES Design
What has influenced the patterns?
What are the relationships between the parts?

Source: https://www.nwei.org/iceberg/
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A core tenet of systems science: The Iceberg

EVENTS React
What just happened?
PATTERNS/TRENDS Anticipate

What trends have there been over time?

UNDERLYING STRUCTURES Design
What has influenced the patterns?
What are the relationships between the parts?

MENTAL MODELS Transform
What assumptions, beliefs and values do people hold
about the system? What beliefs keep the system in place?

Source: https://www.nwei.org/iceberg/
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Systems science methods complement our toolbox

* Qualitative
— Causal loop diagramming
—Network mapping
—Process flow diagramming

* Quantitative
— System dynamics simulation
—Microsimulation
— Cost-effectiveness analysis

 Mixed methods
—Preference elicitation
—System dynamics
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Seeing wholes... zooming in, out, in, out....
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System dynamics is about...

Using a

multi-
dimensional
view
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indirectly
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significance

p " collaborative Sciences Center for
‘wROAD SAFETY  www.roadsafety.unc.edu | June5, 2018



Systems thinking (using system dynamics) is about...

"Systems thinking is a discipline for seeing wholes. It is a
framework for seeing interrelationships rather than things,
for seeing patterns of change rather than static
'snapshots’...Today systems thinking is needed more than
ever because we are becoming overwhelmed by
complexity. Perhaps for the first time in history, humankind
has the capacity to create far more information than
anyone can absorb, to foster far greater interdependency
than anyone can manage, and to accelerate change far
faster than anyone's ability to keep pace.”

Peter Senge, The Fifth Discipline
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Real World

* Unknown structure

* Dynamic complexity

* Time delays

* Inability to conduct controlled
(‘X[)("I"T‘("ﬂ'[‘,

System dynamics is really all about...

« Uncovering mental models
« Collecting better data
* “Double loop learning”

Single-Loop
Learning

Decisions Information Feedback
* Implementation failure * Selective perception
* Inconsistency * Missing feedback
» Gaming the system * Delay
* High costs of error + Bias, distortion, error
suppress experimentation * Ambiguity

Fxpectations
Conditions
Perceptions

Mental Models

* Misperceptions of feedback
* Unscientific reasoning

+ Judgmental biases

* Defensive routines

Double-Loop
Learning

Strategy, Structure,
Decision Rules

« Inability to infer dynamics
from mental models

Note. The diagram shows the main impediments to leaming. Arrows indicate causation.
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Systems mapping workshops

« Conducted April 5 workshop (pilot)
— Researchers from UNC, FAU, Duke, UC-B, and UTK
— Students from UNC’s School of Public Health and the City and Regional Planning Department

« Conducted April 19 workshop (half day; largely drew from NC network)

— 27 participants; fields of expertise include:
« Law/ injury claims attorney
» Transit (local and state)
» Local and state planners and pedestrian/bicycle coordinators
» State DOT safety engineer
» State Department of Health and Human Services
* Law enforcement
» Fire department
« Journalism
* Medicine/Trauma doctor
* Researchers (epidemiology, planning, robotics, engineering, child development, economics)
* Automakers/OEMs
 Local elected official (town council member)
» Advocacy (injury prevention, AARP, coalition to end homelessness)
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Systems mapping workshop process

: f < SamL
 Part 1: Pre-workshop reflections Mﬁg'&ﬁ;}m, Soso([ecs.'k
S

— List top 3 issues and solutions to
pedestrian fatalities

e Part 2: Introduction to systems
thinking and workshop
motivation
— Describe iceberg concept

— Guided exercise in systems
mapping/causal loop diagrams,
using student grades example

* Introduce concept of feedback loops
(vicious/virtuous cycles) that
accelerate trends over time
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Systems mapping workshop process

 Part 3: Individual exercise

— Draw maps individually, thinking
about the things that contribute to
the rise in pedestrian fatalities, and
the outcomes of this

— Compare to a partner, reflect and
share insights
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— Report out and share insights
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Key themes and insights

» Perspectives on the nature of the issues and solutions changed after the workshop

 Significant interest in better understanding the role of:

— Changes in vehicle design/height/weight, in-vehicle technology, and personal technology design and use
(affecting distraction and time to respond)

— Roadway design changes, particularly concerning design speed, speed setting, and changes/differences in
infrastructure investment

— Impairment, in connection with broader social issues
— Changes in travel behaviors and exposure
— Changes (to policy or social/environmental conditions) that have affected the least advantaged populations

» Strong desire for data at a finer-grain: “Trend lines at the national level don’t tell us anything about
what’'s happening locally.”

» Also acknowledge the limitations of existing data in telling the full story and in identifying solutions




Other general takeaways

 Participants appreciated the
complexity of the issues more and the
chance to think more deeply about the
Issues; the mapping approach was a
thought-provoking way to generate
and inspire research ideas

e Some participants (from non-
transportation fields) reported better
seeing how their work relates to
pedestrian safety

— E.g., Now thinking differently about the
everyday issues in walking faced by the
population they work with/for

* New collaboration opportunities
emerged

Geoff Green 3 \
2% 2 \ Follow ] v
@geoff_green -

Great workshop @CSCRSinfo bringing
together many different disciplines (transit,
city employees, auto industry representatives,
police, fire) to discuss systems level approach
to travel safety

e

> Inform Action™

. of Pedestrian ¥ atalities to \\
loring the Complexity

Systems Workshop: “Expl \

Collaborative Scie ences Center ¢ for Road Safety
: Thursday, Apnll9'“ !

Aihes H ghw v Safcty Research Center, 730 MLK, Jr. Blvd,

Location: UNC
9m9\0(\0m\)
Agenda 9\097_5(\5“\ n)
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Priority: What changes are happening that make pedestrian crashes more fatal?

Fatal and nonfatal road traffic injuries by type, FARS and
GES, 2000-2015
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Early data indicators: some theories are inconsistent with the data

* No 1-to-1 relation to driver miles driven
— VMT has been increasing steadily though fatality rates haven'’t followed this trend
— VMT may lead to congestion, slower speeds, and in some places increase safety

Vehicle Miles Traveled (in millions), FHWA, 2000-2016
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Early data indicators: changing vehicle fleet

1 Higher crash Annual U.5. light-duty vehicle sales (2000-15) Ll:f
] rillions of wehicles o
energy S light-duty trucks
2 Nature/location (sport utility vehicles,
: o g pickup trucks, vans) .
of injury 7 _
g light-duty passenger cars
]
0 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 20013 2014 2015*
A0 %o :
percent light-duty trucks sold aver passenger cars 28%
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— : : :.:.:-:-:-:.: :-:l:
-20%
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Early data indicators: changes to human resilience to injury

 Rising senior population
* Rising trend in opioid use (especially among seniors)
« Continued increase in other co-morbidities (obesity and diabetes) and mobility challenges

Population age 65 and over and age 85 and over, selected years 1900-2010 and Percentage of population age 65 and over, by county and state, 2010

projected 2020-2050

Millions
100 = Projected
-
-
-
80 — -
-
-
-
*
*
’
’
80— ’
b
40 —
65 and over
20
Percentage by county
B5and over 23.0 or more
0 [ ! ! ! ! ! : i I L1 1 | | ! bt oot
- g 15010189
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Less han 110

MOTE: These projections are based on Census 2000 and are not consistent with the 2010 Census results. Projections based on the 2010 US total is 130 percent.
Census will be released in late 2012

Reference population: These data refer to the resident population.

SOURCE: U.5. Census Bureau, 1800 to 1840, 1870, and 1830, U.5. Census Bureau, 1883, Table 42; 1850, U.5. Census Bureau, 1853, Table
38; 1860, U.5. Census Bureaw, 1964, Table 155; 1800, U.5. Census Bureau, 1981, 1880 Summary Table File; 2000, U.5. Census Bursau, 2001,
Censuz 2000 Summary File 1; U.5. Census Bureau, Table 1: Intercensal Estimates of the Resident Population by Sex and Age for the U.5.: April
1, 2000 to July 1, 2010 (US-ESTOHNT-01); U.S. Census Bursau, 2011. 2040 Census Summary File 1; U.5. Census Bureau, Table 2: Projections Reference population’ These data refer to the resident poputation
of the population by selected age groups and sex for the United States: 20102050 (NF2008-12). SOURCE" U.S. Census Bureau, 2010 Census Summary File 1

Source: Federal Interagency Forum on Aging Related Statistics. Older Americans 2012: Key Indicators of Well Being. 2012.
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Number of pedestrian deaths
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Sharpest fatal increases are among people aged 50-69

Number of pedestrian deaths by age group, 2000-2016 Pedestrian death rates per 100,000 pop by age group, 2000-2016
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Need: continued attention to the structures driving the changes

 Labor infrastructure, the gig 2017 Natural Hazard Housing Risk Heat Map
economy, and overall impacts on I b, e
poverty, housing affordability, etc. O tow B Hish.

« Extreme weather events, affecting
housing/vehicle prices,
homelessness, economic vitality,
resilience, and individual health

« How changes in the above may NoturelHozard Risk Type
relate to mental health, travel mode Eatius
and patterns (day/night), exposure
. . Hurricane Storm Surge ®. ™
to risks, and safety behaviors i XX ATTOM
5Oper:Str;é:\AapcontrtbutO!s 7 : * B DATA SOLUT|ONS
“H +ableau < = 8 [ O
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Need: continued attention to temporal and regional differences, and rates of
change over time

Three-Year Average Crash Rate

2008 - 2010 2014 - 2016

]0.00 - 7.04
I 7.05 - 926
927 -1127

3 W 11281258

CR = l(z ﬂ) x 105 1259 - 1493
3\ & py W 1494 - 18.26

W 18.27 - 2095

BN 20.96 - 3235

(R = Crash Rate
Y¥.=crashesin yeariand P.= population in year |
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5-yr Avg. Crash Rate Difference
‘07-"11 To 12-'16

M -11.291 - -2.423
B -3422 - -2.581
[1-2.580 - -1.544
[1-1.845 - -0.010
[1-0.009 - 0.000
B 0.001 - 2679
I 2580 - 3.203
W -204 -9925




Real World

* Unknown structure

* Dynamic complexity

* Time delays

* Inability to conduct controlled
(‘X[)("I"T‘("ﬂ'[‘,

System dynamics is really all about...

« Uncovering mental models
« Collecting better data
* “Double loop learning”

Single-Loop
Learning

Decisions Information Feedback
* Implementation failure * Selective perception
* Inconsistency * Missing feedback
» Gaming the system * Delay
* High costs of error + Bias, distortion, error
suppress experimentation * Ambiguity

Fxpectations
Conditions
Perceptions

Mental Models

* Misperceptions of feedback
* Unscientific reasoning

+ Judgmental biases

* Defensive routines

Double-Loop
Learning

Strategy, Structure,
Decision Rules

« Inability to infer dynamics
from mental models

Note. The diagram shows the main impediments to leaming. Arrows indicate causation.
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Expert Rev. Vaccines 13(2), 221-234 (2014)

Kimberly M Thompson*  Achieving the goal of a world free of poliomyelitis still requires significant effort. Although polio AMt)= (YR /N)FEae[RI(t )+ Tpartially i"ll‘i‘h'lh: i ¥IPT(1)}]
and Radboud J immunization represents a mature area, the polio endgame will require new tools and strategies, v el

Duintjer Tebbens

particularly as national and global health leaders coordinate the cessation of all three serotypes
of oral poliovirus vaccine and increasingly adopt inactivated poliovirus vaccine (IPV). Poliovirus Fig. 5. Schematic of dynamic disease model components for the first of 25 age groups extending on the basic SIR model though inclusion of

epidemiology and the global options for managing polioviruses continue to evolve, along with three different groups with partial immunity (due to prior recent or historical vaccination or exposure to wild poliovirus). 7y
our understanding and appreciation of the resources needed and the risks that require

management. Based on insights from modeling, we offer some perspective on the current status

of plans and opportunities to achieve and maintain a world free of wild puhowruses and lo

successfully implement oral poliovirus vaccine cessg*~— '™/ ~~tn ~md moeem e

o, ot e wrkd reenty neecs e com by Risk Analysis, Vol. 26, No. 6, 2006 DOL: 10.1111/1.1539-6924.2006.00841.x

Kevworps: cost  eradication * inactivated poliovirus vaccine » o)
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Fig. 3. Simplified diagram of model components (the rectangu-
lar box represents a decision node, the diamonds represent sub-
models, the ovals random events, and the rounded rectangles inter-
mediate variables or outcomes).
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Polio eradication (various work of Thompson and Tebbens)

Routine Supplemental Outbreak Stockpile: Surveillance:
immunization immunization response:
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. . National & .
NID with tOPV and alobal Passive +
vV N rests i =1 i a
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Fig. 4. Major decision options for all countries—first five years after certification of the world as free of wild polioviruses. Each branch

represents a decision option for a given decision category (source: Reference 15).
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Systems science can...

* Help us develop a shared understanding of the system
* Framework for testing dynamic hypotheses that are identified

« Teach us to think differently about how systems behave (that is,
In terms dynamics, circular causal feedbacks, accumulations, etc)

 Allow stakeholders to view the larger system they are embedded
within

* Provide a framework for integrating what we know, and
determining importance of what we don’t know

« Support identification of high impact leverage points

 Offer a virtual world in which to “try out” and compare policies
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Additional Resources

Collaborative Sciences Center for Road Safety
— www.roadsafety.unc.edu

Example systems mapping case study:
— https://thesystemsthinker.com/systems-thinking-at-bmw-clearing-up-germanys-traffic-jam/

Example systems mapping project:
— https://www.youtube.com/watch?v=G6o0W6iMOpvMé&feature=youtu.be

Systems science readings:
— https://www.roadsafety.unc.edu/about/safesystems/ (scroll to bottom of page)
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http://www.roadsafety.unc.edu/
https://thesystemsthinker.com/systems-thinking-at-bmw-clearing-up-germanys-traffic-jam/
https://www.youtube.com/watch?v=G6oW6iMOpvM&feature=youtu.be
https://www.roadsafety.unc.edu/about/safesystems/

Thank you!

 Kristen Hassmiller Lich, presenter and co-I
— Department of Health Policy & Management
— University of North Carolina, Chapel Hill
— klich@unc.edu

« Laura Sandt, PI
— Highway Safety Research Center
— University of North Carolina, Chapel Hill
— sandt@hsrc.unc.edu

« Becky Naumann, co-PI
— Injury Prevention Research Center
— University of North Carolina, Chapel Hill
— rnaumann@email.unc.edu
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