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e QOver the past several years we have developed a case-based,

mixed-methods, density approach to modeling the temporal and

spatial complexities of big data.

 The platform for this approach is called the SACS Toolkit. In
terms of simplifying assumptions, the Toolkit employs three
novel solutions:

e (1) it conceptualizes the complex causal organization of a
system as a set of microscopic cases (k-dimensional vectors
spaces);

e (2) it clusters/groups cases to identify major and minor
profiles and (discrete or continuous) trajectories

e (3) it translates their high-dynamic microscopic trajectories
into the movement of macroscopic, low-dynamic densities.
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* The strengths of this approach are several. It allows researchers to:
e Model complex systems as sets of cases.
* Explore these systems at multiple levels.
 Examine the interactions between system and environment.
e Explore the relationships amongst the cases (networks).
e Address and combine both structure (organizational pattern) and agency.
e Study complex causal structure.
e Use small to big data.
 Model these systems as static or longitudinal.
* Interms of longitudinal, we can model as discrete or continuous
* |n terms of continuous modeling, we can:
 map the complex, nonlinear evolution of ensembles (or densities) of cases;
e classify major and minor clusters and time-trends;
e visually identify dynamical states, such as saddles and attractor points;
* plot the speed of cases along different states;
» detect the non-equilibrium clustering of case trajectories during key
transient times;
e construct multiple models to fit novel data;
e predict future time-trends and dynamical states; and, finally, in terms of
impact,
e generate results that are visually and conceptually intuitive to private/public

sector users and policy makers.
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Cases Are Complex Systems
e Researchers in the social sciences currently employ a variety
of mathematical/ computational models for studying complex

__ systems.

e Despite the diversity of these models, the majority can be
== grouped into one of four types:
— equation-based modeling,

— stochastic (statistical) modeling,

L — computational modeling

— network modeling.

 However, David Byrne and colleagues have added a fifth type:
case-based modeling
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Cases Are Complex Systems

Byrne is recognized, internationally, as a leading
figure in what most scholars see as two highly
promising but distinct fields of study:

— (1) case-based method and

— (2) the sociological study of complex
systems.

— An example of the former is Byrne's Sage
Handbook of Case-Based Methods — which he co- = =
edited with Charles Ragin, the creator of
Qualitative Comparative Analysis.

— An example of the latter is his widely read
Complexity Theory and the Social Sciences — which T

Callaghan and he just significantly updated in 2013. T
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Cases Are Complex Systems

His premise, while simple enough, is ground-breaking:

— Cases are the methodological equivalent of complex systems;
or, alternatively, complex systems are, theoretically speaking, =

cases and therefore should be studied as such.

With this premise — Byrne introduces an entirely new —

What scholars (including the current authors) are only
beginning to grasp, however, is that Byrne sees these areas ..
as conditional upon one another —that is, they are two
sides of the same theoretical/methodological coin:

14.78

approach for modeling social complexity and the temporal —-
and spatial dynamics of complex systems.
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Cases Are Complex Systems

 There are several strengths to this approach, three of
which are crucial to the work Dr. Rajaram and | are
doing:

1.

It embraces an interdisciplinary framework —with great
thought given to the transport of theories, concepts, and

methods between scientific and disciplinary boundaries,
for the purposes of modeling social complexity and
complex social systems.

It employs a mixed-methods toolkit, including case-
comparative analysis and many of the latest advances in
computational and complexity science method.

It provides an epistemological platform (grounded in

complex realism) for constructing a cohesive ‘complex
systems’ methodology, based on its concept of the case.
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= mathematically-rigorous, computationally- -
~ based, mixed-methods platform for modeling -
== social complexity and complex social systems. :..
 The purpose of this presentation (in =
combination with that of Dr. Rajaram) is to dm

~ explore what we have so far accomplished —
albeit tentatively.
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Case-based modeling and the SACS ToolKkit:
a mathematical outline

Brian Castellani - Rajeev Hajaram

2 Springer Science+Business Media, L1LC 2012

Abstract Researchers in the social sciences currently employ a variety of mathe-
matical/computational models for studying complex systems. Despite the diversity
of these models. the majority can be grouped into one of three tvpes: agent (rule-
based) modeling, dynamical {egquation-based) modeling and statistical (ageregaie-
based)y modeling. The purpose of the current paper is to offer a fourth tvpe: case-based
modeling. To do =0, we review the SACS Toolkit a new method for quantitatively
mdeling complex social systems, based on a case-based, computational approach (o
data analyzis. The SACS Toolkit is comprised of three main components: a theoretical
blueprint of the major components of a complex system (social complexity theorvy;
a sed of case-based instructions for modeling complex svstems from the ground up
(assemblaee )y, and a recommended list of case-friendly computational modeling tech-
nigques {case-based foolset). Developed as a vanation on Byme (in Sage Handbook of
Case-Based Methods, pp. 260268, 20007, the SACS Toolkit models a complex sys-
tem as a st of c-dimensional vectors (cases), which it compares and contrasts, and
then condenses and clusters to create a low-dimensional model {map) of a complex
system”s structure and dynamics over timefspace. The assembled nature of the SACS
Toolkit is its primary strength. While grounded in a defined mathematical frame-
work, the SACS Toolkit is methodologically open-ended and therefore adaptable and
amenable, allowing researchers to employ and bring together a wide vanety of mod-
eling techniques. Researchers can even develop and modify the SACS Toolkit for
their own purposes. The other strength of the SACS Toolkit, which makes it a very
effective technigque for modeling large databases, is its ability to compress data matri-
ces while preserving the most important aspects of a complex system’™s strocture and

B. Castellani (&2
Depl of Sociology, Kent State University, Ashiabala, OH 44004, TS A
e-mail: beastel 36 kentedo

E. Rajaram
Depl. of Mathematscal Sciences, Kent State University, Ashiabala, OH 44004 1TSA



SACS Toolkit

1. First, it is comprised of a theoretical blueprint for studying complex
systems called it social complexity theory. Social complexity theory is not

a substantive theory; instead, it is a theoretical framework comprised of a
series of key concepts necessary for modeling complex systems. These concepts
include field of relations, network of attracting clusters, environmental forces,
negotiated ordering, social practices, and so forth. Together, these concepts
provide the vocabulary necessary for modeling a complex system.

2. Second, 1t 15 comprised of a set of case-based instructions for modeling
complex systems from the ground up called i1t assemblage. Regardless of the

methods or techniques used, assemblage piides researchers through a seven-
step process of model buildingwhich we review belowstarting with how to
frame ones topic in complex systems terms, moving on to building the initial
model, then on to assembling the working model and its various maps to finally
ending with the completed model.

3. Third, it 15 comprised of a recommend list of case-friendly modeling
techniques called the case-based toolset. The case-based toolset capitalizes on

the strengths of a wide list of techniques, using them in service of modeling
complex systems as a set of cases. Our own repertoire of techniques include
k-means cluster analysis, the self~organizing map neural net, Ragins QCA, net-
work analvsis, agent-based modeling, hierarchical regression, factor analysis,
grounded theory method, and historical analysis.



SACS Toolkit

We begin our review of the SACS Toolkit with five opening points:

(1) For the SACS Toolkit, case-based modeling is the study of a complex system §
as a set of cases ¢; such that:

8§ = |cj @ ¢j 15 a case relevant to the system under study}. (1)

(2) At mimimum, § is comprised of one case ¢;.

(3) While there is no predefined limit to the maximum number of cases that can be
included in the study of a complex system, practically speaking the upper limit
will be bounded, based on the particular set of cases identified for study—which
1s always an empirical issue.

(4) We denote the number of cases being studied by n.

(3) Each case ¢; in § 1s a k dimensional row vector ¢; = [x;1, ..., xik |, where each x;;
represents a measurement on one of the variables being used to model a complex
system.
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Figure 1
Example of the Final Map Created by the SACS Toolkit for Current Case Study
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SACS
Toolkit

TAEBLE 2

Yanables Analyzed for the 20 Communities n the Summii County Detabase
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SACS Toolkit
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SACS Toolkit

Because S consists of n cases {¢;}i_,. and each case ¢; has a vector configuration of
k dimensions, it 1s natural to represent S, at least initially and at its most basic, in the
form of a data matrix D as follows:

Cl X111 ... X1k
D=| '@ |=]|: . (6)

Cﬂ _I’jl = % Iﬂk

[n the notation above, the n rows in D represent the set of cases {¢;} in §. and
the & columns represent the measurements on some finite partition Uf:l O; of Wy
and Es as defined 1n Eq. (5) that couple to form the vector configuration for each c;.



Simelitying Clustering and grouping to search
Assumptions for major and minor configurations/
' profiles and trajectories (discrete or
continuous)
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TABLE 3
Final K-means Cluster Solution for 20 Communities in Summit County

Variables
(Unless otherwise noted,

all data is from 1990—See Table 2) V
1 3
% Non-Hispanic Caucasian 97.3* 68.6 93.5
% African-American 1.7 28.0 5.6
% Overall Poverty 3.60 44.30 6.04
1990 household Income 41464 11404 36021
Job Growth (1993 to 2000) 31.87 20.80 17.36
% Civilian Labor Force (16+ old) 96.17 85.90 95.22
% Receiving Public Assistance 2.8 25.8 4.3
% No High School Degree (25yrs+) 15.3 41.5 16.8
% of households mortgage/rent is <30% of income 16.0r 43.4 17.6
% Unemployed 3.8 14.1 4.8
% No 1st Trimester Care 1995-98 5.63 24.60 7.54
Teen Pregnancies per 1000 births (1995-1998) 5.80r 66.00 12.54
% children immunized by 2yrs of age 74.1 40.0 76.5
% No Health Care Coverage 4.20? 25.30 6.34
Child Abuse/Neglect Rate per 1000 10.8 98.3 19.3
Elder Abuse/Neglect Rate per 1000 4.1 53.8 4.9
Years Lost per Death 1998 13.83 16.40 13.96

1. (*) The values listed in the columns for all 7 clusters represent the average
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ent that the coMMt cluster scored for each variable listed in
Column 1. In cluster analysis, these averages are called the cluster’s centroids. 2. Community Membership for each of the 7 Clusters is as follows: Cluster 1: Stow/

Silverlake, Northfield/Macedonia/Sagamore, and Richfield/Peninsula; Cluster 2: Central Akron; Cluster 3: Twinsburg, Northwest Akron, Munroe Falls/Tallmadge, Norton
and Franklin; Cluster 4: Hudson; Cluster 5: Copley/ Bath/Fairlawn; Cluster 6: Springfield, Coventry/Green and Cuyahoga Falls; Cluster 7: North, West, Southwest, South and

Southeast Akron and Barberton City.



FIGURE 3: Final Cluster Centers Solution of 20 Communities in Summit County Using SOM

Sagamargy  Richtiekl!
Copley/Eath/ I'.'Iaued::!nlu.-' Hm‘!nn.l'
Falaw Rarthfiekl  Peninsula o0

Hudon Sitver|ake

L-Matrix

Felunros Falk
Tallmadge

13600

‘EEED iseth lran

Wipst Akron

Southeast fknon
Barhartan

Central Skrom

23 5 South Akron Cuyahaga Falls

Figure 3a Figure 3b




% White
96.6
1‘ HBES
76
% Irvolved in Workforce
8959
l HBQB
I i B9.8
% Teen pregnancy
505
1‘ HQBS
B.O7

Average Years of Life Lost Per Death

“ 156
13.7

o
1.8

SOM 29-Apr-2010

% African-American

232
1‘ HDS

234

% receiving Public Assistance

162
1 HBH
I i 318

% Children with Immunization

a0.1
ﬂ ia%
"t 584

% of Community with Incorme 30% above Mortgage

30.1
1‘ iza‘
167

% in poverty

24
iﬁ?
3.82

% with Highschool Degree +25yrs old
3241

216

"4

% with Health Care Insurance

103

i
HM

4

4

comp_narmes

i

Household Income
52500

‘ im
19900
% Unemployed
102
‘ i?ﬁ
I i 414
% Child Abuse in Community

B5.3
1‘ i379
106

Job Growth
” .
16.9
35

% 1st trimester Care
16.7
I imﬁ
l i 4583
% Elder Abuse in Community

17.8
“ img
4.06




Figure 4:
Network Map of the Seven Clusters in Summit County and their Respective Communities
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TABLE 6
Change in Final Cluster Solutions for 20 Communities in Summit
County, 1990 to 2000

YEAR
COMMUNITY 1990 2000
Cluster Cluster
Membership Membership
(Affluent Cluster) Hudson 4 4
(Affluent Cluster) 5 5
Copley/Bath/Fairlawn
(Middle Class Cluster) Stow/Silverlake 1 1
Northfield/Macedonia/Sagamore 1 1
Richfield/Peninsula 1 5*
Twinsburg 3 1*
Northwest Akron 3 3
Munroe Falls/Tallmadge 3 3
Norton 3 6
Franklin 3 3
Springfield 6 6
Coventry/Green 6 3*
Cuyahoga Falls 6 6
(Poor Cluster) North Akron 7 7
West Akron 7 7
South Akron 7 7
Southwest Akron 7 2*
Southeast Akron 7 7
Barberton City 7 7
(Poorest Cluster) Central Akron 2 2

1. (*) The values listed in the columns for all 7 clusters represent the average
value/measurement




How did things change between 1990 and 20007
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Network of Attracting Clusters Yr = 1990 (Within and Between Euclidian Distance Measures)




How did things change between 1990 and 20007
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Figure 7: Summit-5Im Dashboard in Netlogo
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FIGURE 7:
Snapshot of SummitSim with a Preference Rating of 3 for all Agents
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NOTE: Rich Agents = Squares; Middle Class Agents = Stars; and Poor Agents =
Triangles. Cluster A identifies one of the dense clusters of rich agents. Cluster
B identifies one of the dense clusters of poor agents; which complexity scientists
would call a poverty trap.
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