
A Tool for Enhanced
Causal Discovery and Understanding:

System Dynamics Modeling –
Causal Miner (SDM-CMiner)

Ignacio J. Martinez-Moyano, Ph.D. and Nicholson Collier, Ph.D.
Argonne National Laboratory Argonne National Laboratory
imartinez@anl.gov ncollier@anl.gov

The University of Chicago
martinez-moyano@uchicago.edu

mailto:imartinez@anl.gov
mailto:ncollier@anl.gov
mailto:martinez-moyano@uchicago.edu


SDM-CMiner

The System Dynamics Modeling – Causal Miner 
(SDM-CMiner) is a prototype software tool 
designed for exploring causal relationships in 
system dynamics models using data mining 
processes and techniques.
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SDM-CMiner

Using a causal model or map, a set of discovery 
rules, and a corpus of documents, the SDM-
CMiner tool attempts to uncover evidence (or 
the lack thereof) for the causal relationships
present in the model or map that can be found in 
the corpus of documents provided.
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Process

1.Extracts meta-data
Title, author, journal title, and date from the PDF. 

2.Sentences are identified and annotated with a 
sentence annotation.

3. Each sentence is tokenized into its constituent words.

4. Each word is tagged with a part-of-speech annotation.

5. Each word that conveys a positive or negative 
sentiment is annotated as such.
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Process

6. A regular expression matcher is run on the document 
text to identify the different variables in the system 
dynamics causal-loop diagram, annotating the matched 
text with the variable to which the text corresponds and 
the sentence in which it occurs.

7. The document’s meta-data and the matched variable 
annotations are written to a database.
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Regular Expression 

A regular expression is a pattern that describes the text 
to be matched. 0

For example, the simple regular expression 
“colou?r” will match “color” or “colour”

The “?” identifies the preceding “u” as an optional 
part of the match.
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For more on regular expressions, see http://www.regular-expressions.info/.



Process--Continuation

The heart of this process is the regular expression 
matching that attempts to identify document text that 
represents a corresponding variable in the causal-
loop diagram.
The modeler provides regular expressions for each 
variable of interest, and the text-mining engine 
searches for these variables using regular expression 
matching and records their locations.
The text-mining engine does tag parts of speech and 
performs sentiment analysis, although these are not 
used to identify variables in this version.
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Process--Continuation

In this prototype, we are interested in the sentence 
location of each variable with respect to all of the 
other variables, such that sentence proximity is an 
indicator of a possible causal relationship.

Proximity, however, does not indicate either the 
direction of causality or a positive or negative 
polarity in contrast to the actual causal-loop diagram, 
which typically indicates both.
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Escalation in Adversarial Processes
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Huth, P., & Russett, B. (1988). Deterrence 
failure and crisis escalation. International 
Studies Quarterly, 32(March), 29-45.



SDM-CMiner
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Regular Expression
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“balance of power with respect to the 
defender” as indicative of the defender’s 
readiness



Causal Map Results
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“All Edges” Results
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“All Edges” Results
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Proximity and Representative Sample of Text
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Section of World Dynamics Model (see Forrester, 1973, p 20-21)
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Clancy, Goodman, Sinclair, and Dockery 
(2002) and Nieuwenhuijsen et al. (2014). 



Section of World Dynamics Model (see Forrester, 1973, p 20-21)
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Thanks!
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