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• Over 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:  

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

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

• (3) it translates their high-dynamic microscopic trajectories 
into the linear movement of macroscopic, low-dynamic 
densities.  

 



 
• The strengths of this approach are several.  It allows researchers to:  

• Model complex systems as sets of cases. 
• Explore these systems at multiple levels. 
• Examine the interactions between system and environment. 
• Explore the relationships amongst the cases (networks). 
• Address and combine both structure (organizational pattern) and agency. 
• Study complex causal structure. 
• Use small to big data. 
• Model these systems as static or longitudinal. 

• In terms of longitudinal, we can model as discrete or continuous 
• In terms of continuous modeling, we can: 

• map the complex, nonlinear evolution of ensembles (or densities) of cases;  
• classify major and minor clusters and time-trends;  
• 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;  
• construct multiple models to fit novel data;  
• predict future time-trends and dynamical states; and, finally, in terms of 

impact,  
• generate results that are visually and conceptually intuitive to private/public 

sector users and policy makers. 



Cases Are Complex Systems 
• Researchers in the social sciences currently employ a variety 

of mathematical/ computational models for studying complex 
systems.  

• Despite the diversity of these models, the majority can be 
grouped into one of four types: 
– equation-based modeling,  
– stochastic (statistical) modeling,  
– computational modeling  
– network modeling.  

• However, David Byrne and colleagues have added a fifth type: 
case-based modeling 



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 
Callaghan and he just significantly updated in 2013. 



Cases Are Complex Systems 
• 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: 

 
• 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 

approach for modeling social complexity and the temporal 
and spatial dynamics of complex systems. 



  



Cases Are Complex Systems 
• There are several strengths to this approach, three of 

which are crucial to the work my colleagues and I 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. 

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

3. It provides an epistemological platform (grounded in 
complex realism) for constructing a cohesive ‘complex 
systems’ methodology, based on its concept of the case.  



Cases Are Complex Systems 

• Pace Byrne, we (my colleagues and I) seek to 
develop a mathematically-rigorous, 
computationally-based, mixed-methods 
platform for modeling social complexity and 
complex social systems. 

• The purpose of this presentation is to explore 
what we have so far accomplished – albeit 
tentatively. 
 



Cases Are Complex Systems 
• To begin, we have introduced two new terms: 

– case-based complexity science is the attempt to actively 
integrate case-based method with the latest developments in 
the complexity and social sciences for the purpose of modeling 
complex social systems as sets of cases.  

• It also revolves around a particular set of epistemological 
assumptions: 

• Complexity theory is not so much a substantive theory, as much as it is 
an epistemologically explicit attempt to model social life in complex 
systems terms.   

• It also revolves around complex realism 
– In turn, case-based modeling is the mixed-methods set of 

techniques scholars use to engage in case-based complexity 
science, particularly the latest developments in the 
computational and complexity sciences. 

• The key to this approach is that the methods serve the purpose of 
case-comparative analysis, from small to big data! 

 



Cases Are Complex Systems 

• We also introduce a new methodological 
framework: the Sociology and Complexity 
Science (SACS) Toolkit. 

• The SACS Toolkit is a the case-based, mixed-
methods, computationally-grounded platform for 
modeling socio-biological complexity and, more 
specifically, complex socio-biological systems. 



SACS Toolkit  



SACS Toolkit  



SACS Toolkit  

This is our first simplifying assumptions 



SACS  
Toolkit  



SACS Toolkit  



SACS Toolkit  



  
Simplifying  
Assumptions 

Clustering and grouping to search 
for major and minor configurations/ 
profiles and trajectories (discrete or 
continuous) 



  



  
Simplifying  
Assumptions 

Here, we are drawing on Haken’s synergetics and the idea that self-organizing 
macroscopic trajectories are less dynamic, generally speaking, than microscopic 
trajectories, which are high dynamic, out of which the former emerge.  



  
Simplifying  
Assumptions 



  



  
Simplifying  
Assumptions 



  



  



  
Simplifying  
Assumptions 



Advection equation – transport of 
density of cases 

 

 
 
 
• Transforms the motion of individual cases to the motion of a density of 

cases. 
 
• Requires the initial distribution of case profiles, and the velocity vector field 

of cases (same as the one used in the ODE), and can compute the motion of 
the initial density assuming that the total number of cases is a constant 
(called mass conservation property). 
 

• Used in modeling of transport phenomena such as fluid dynamics (oil spill), 
traffic on streets. 

 
 
 
 
 





Advection equation – transport of 
density of cases 

 

• Notion of transport is applicable to a variety of topics in sociology such as 
residential mobility and health trajectories. 
 

• Residential mobility – variables are actual geographical ones. Trajectories are 
in physical coordinate space. 
 

• Health trajectories- Variables are biological, sociological markers – state 
space is more abstract 

 
 



  



Uniqueness of our approach 

 

• Continuous time modeling 
  
• Deterministic  modeling   

 
• Differential equations (both ODE and PDE) 

 
• Gradation of state space based on velocity of 

motion 
 

• Non-equilibrium clustering using the Lyapunov 
density plot 



Strengths 

 

• Prediction of longitudinal evolution of cases with 
multiple variables across time 

  
• Studying complexity in dynamical motion of cases 

in the form of saddles, sources, sinks, or periodic 
orbits 
 

• Gradation of the state space into regions where cases 
move faster (or slower) from the velocity contour plot 
 

• Non-equilibrium clustering of trajectories from the 
Lyapunov density plot (higher values mean more 
trajectories have squeezed through) 
 
 
 
 
 
 



Strengths 

 

• Prediction of majority trends in trajectories for novel 
choices of initial profiles or densities 
 

• Multiple models to describe the same phenomena 
allowing for a choice of better ones 
 

• Ease of incorporation of new data into the modeling 
process to fit the database as it grows 
 
 
 
 
 



  

Thanks! 
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