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lecture 17: Interdisciplinarity
introduction to systems science
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introduction to systems science

 Participation: 20%. 
 class discussion, everybody reads and discusses every paper
 engagement in class, including online

 Paper Presentation and Discussion: 20%
 All students are assigned to a Reading and Discussion Group
 SSIE501 students in group present and discuss papers

 all students are supposed to read and participate in discussion of every paper. 
 section 01 groups present in class, section 20 groups present via zoom or send a video

 Presenter group prepares short summary of assigned paper (15 minutes)
 no formal presentations or PowerPoint unless figures are indispensable.

 Summary should:
 1) Identify the key goals of the paper (not go in detail over every section)
 2) What discussant liked and did not like
 3) What authors achieved and did not
 4) Any other relevant connections to other class readings and beyond.

 ISE440 students in group participate as lead discussants
 not to present the paper, but to comment on points 2-3) above

 Class discussion is opened to all
 lead discussant ensures important paper contributions and failures are addressed

 Post presentation 1-2 page report uploaded to Brightspace
 1-4) plus 5) statement of individual contributions

 Black Box: 60%
 Group Project (2 parts)

 Assignment I (25%) and Assignment II (35%)

evaluation
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course outlook

 Paper Presentation: 20% 
 Present (501) and lead (501&440) the discussion of an article related to the class materials
 section 01 presents in class, section 20 (Enginet) posts videos on Brightspace (exceptions possible)

 Module 4 – Multi-level complexity
 November 28th ?

 Reading and Discussion Group 1
 Prieto-Curiel, et al [2023]. “Reducing Cartel Recruitment Is the Only Way to Lower Violence in Mexico.” Science 381 (6664): 1312–16.

 Optional: Caulkins, Jonathan P., Beau Kilmer, and Peter Reuter [2023]. “Modeling Cartel Size to Inform Violence Reduction in Mexico.” 
Science 381, no. 6664: 1291–93.

 Reading and Discussion Group 2
 Gan, Xiao et al. [2023] “Network Medicine Framework Reveals Generic Herb-Symptom Effectiveness of Traditional Chinese Medicine.” Science 

Advances 9, (43): eadh0215

 Module 5 – Interdisciplinarity
 November 30th ?

 Reading and Discussion Group 3
 Wu, L., Wang, D., & Evans, J. A. [2019].”Large teams develop and small teams disrupt science and technology”. Nature 566: 378–382

 Reading and Discussion Group 4
 Trochim, William M et al [2006]. “Practical Challenges of Systems Thinking and Modeling in Public Health.” American Journal of Public Health 96(3): 

538–46.
 Optional: Rusoja, Evan, et al [2018]. “Thinking about Complexity in Health: A Systematic Review of the Key Systems Thinking and Complexity 

Ideas in Health.” Journal of Evaluation in Clinical Practice 24 (3): 600–6
 Reading and Discussion Group 5

 Editorial. (2015). Mind meld. Nature, 525(7569), 289–90.
 Van Noorden, R. (2015). Interdisciplinary research by the numbers. Nature, 525(7569), 306–7.
 Ledford, H. (2015). How to solve the world’s biggest problems. Nature, 525(7569), 308–11.

 Optional: Kaushal, A., & Altman, R. B. (2019). “Wiring minds”. Nature, 576(7787), S62-S63.
 Optional: Iwasaki, A. (2019) “Why we need to increase diversity in the immunology research community”. Nat Immunol 20, 1085–1088.

 See brightspace

more upcoming readings (check brightspace)
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deductive theory example

 People modeled as self-driven many-particle systems
 Testing individualistic vs herding behavior as well as environmental solutions

modeling crowd disasters

D. Helbing, A. Johansson and H. Z. Al-Abideen (2007) The Dynamics of Crowd 
Disasters: An Empirical Study. Physical Review E 75, 046109.
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may work in complex interrelated domain (with rare control events)
Inductive and deductive actionable models

World1

Measure

Symbols

Initial 
conditions

Measure

Formal, 
actionable 
model/theory

World2

Complex  Physical Laws

observations

predictions

En
co

di
ng

Howard Pattee

Logical 
consequences ????

Nassim Nicholas Taleb
“predictions of events depend more and more on theories 
when their probability is small and system is complex”

examples

Measure

World0

Parameter estimation

unobserved 
scenarios

Robert Rosen
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(actionable) model of pharmachology in ER+ breast cancer

Correia, Gates, Wang & Rocha [2018]. Frontiers in Physyology 9: 1046. 
Gates & Rocha [2016]. Scientific Reports 6, 24456. 
Marques-Pita &  Rocha, [2013]. PLoS ONE, 8(3): e55946. 

pypi.python.org/pypi/cana

ER+ baseline

+ Alpelisib

+ Fulvestrant

Integrative, causal models for deductive analysis
• built from inductive parameter estimation and 

knowledge synthesis 
• study and predict unobserved events
• uncovers probabilistic causal dynamics exactly, 

not via Monte-Carlo simulations

Parmer, Rocha & Radicchi [2022].  Nature Communications. 13, 3457.

effective graph: redundancy and control in biochemical regulation

Gates, Correia, Wang & Rocha [2021]. PNAS. 118 (12): e2022598118.
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Pescosolido, B.A. 2006. Journal of Health and 
Social Behavior 47: 189-208.

general-purpose study of “systems” properties of nature, technology, and society

 Traditional disciplines
 defined by specific discernable levels of human 

experience in nature and society
 Psychology, Sociology, Political Science, Economics, 

Physics, Chemistry, Biology, etc
 CNS, systems/computational thinking

 General-purpose tools and universal laws 
 Search for general principles of organization
 Produce machines and tools for all sciences

 Disciplines are orthogonal to traditional disciplines
 machine learning, network science, data science & analytics, 

dynamical systems theory, operations research, etc.
 2-dimensional science 

 traditional disciplines focus on experimental and 
observational methods for specific subject matter

 disciplines of CNS focus on generality of their own 
methods to any type of data

 Neither parallel disciplines nor general-purpose 
methods are sufficient to achieve interdisciplinarity
 Team culture is necessary
 E.g. Systems biology, computational biology, computational 

social science, etc.

systems thinking

Sociology
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Machine Learning & AI

Dynamical Systems

Network Science

Data Science

complex systems thinkingcomplex networks & systems thinking
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From Klir [2001]
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Necessity is the mother of invention
Interdisciplinarity
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necessary to tackle 21st century problems
interdisciplinarity

Van Noorden, R. [2015]. "Interdisciplinary research by the numbers". Nature, 525(7569):306–7.

Ledford, H. [2015]. Nature, 525(7569):308–11.

Nature, 525(7569):289–90.
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necessary to tackle 21st century problems
interdisciplinarity

Van Noorden, R. [2015]. "Interdisciplinary research by the numbers". Nature, 525(7569):306–7.

Ledford, H. [2015]. Nature, 525(7569):308–11.

Nature, 525(7569):289–90.

Fleming, Lee, and Adam Juda. “A Network of 
Invention." Harvard Business Review 82 (4).

Fleming, Lee. "Perfecting Cross-Pollination." 
Harvard Business Review 82 (9) : 22-24. 

Biotech Invention Network
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CNS, interdisciplinarity and universities

 Frozen department structure
 university departments built 

within disciplinary walls hinder 
collaboration and team building

 difficult for a single-PI group to 
develop interdisciplinary 
competence

 promotion of Faculty/PIs based 
on short-term rewards

 incentives for teaching and 
training to move within walls (e.g.
tuition revenue, faculty lines)

 academic inbreeding

siloed academic, research, and career incentives

S. Baker. “Interdisciplinary research ‘struggles to bridge academic 
silos’”. Times Higher Education. June 7, 2019.
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CNS, interdisciplinarity and universities

 How to increase Collaboration & Team 
Science? 
 University departments built within 

disciplinary walls make it very difficult for a 
single-PI group to develop competence in 
computational/systems science as well as 
the methodology of the natural and social 
sciences. 
 How to enable teams capable of escaping the 

silos of disciplinary training and be collectively 
rewarded, rather than made to follow the 
single agenda of a lead investigator?

 no single lab can address the complex 
challenges of the 21st century

siloed academic, research, and career incentives

S. Baker. “Interdisciplinary research ‘struggles to bridge 
academic silos’”. Times Higher Education. June 7, 2019.

Thorp, Holden, and Buck Goldstein. "How to create a problem-solving 
institution." Chronicle of Higher Education 57.2 (2010): A43-A44.
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CNS, interdisciplinarity and funding

 How to increase Collaboration & Team Science? 
 University departments built within disciplinary walls 

make it very difficult for a single-PI group to develop 
competence in computational/systems science as well 
as the methodology of the natural and social sciences. 
 How to enable teams capable of escaping the silos of 

disciplinary training and be collectively rewarded, rather 
than made to follow the single agenda of a lead 
investigator?

 no single lab can address the complex challenges of the 
21st century

 Funding
 national agencies tend to organize opportunities within 

disciplinary walls and prefer to fund the agendas of 
lead principal investigators from a discipline. 
 need to foster diverse teams tackling truly vexing 

interdisciplinary problems

siloed peer-evaluation

S. Baker. “Interdisciplinary research ‘struggles to bridge 
academic silos’”. Times Higher Education. June 7, 
2019.

Thorp, Holden, and Buck Goldstein. "How to create a 
problem-solving institution." Chronicle of Higher 
Education 57.2 (2010): A43-A44.
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Funding biases (Australian Research Council)
cost of interdisciplinarity
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Funding biases (Australian Research Council)
cost of interdisciplinarity
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In Portugal
lack of interdisciplinary evaluation and funding
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National Institutes of Health, USA
supporting interdisciplinary science
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National Science Foundation, NSF
supporting interdisciplinary science
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human “elite” choice problematic
science 2.0: collective decision

Mervis, J. [2014]. Science. 343
(6171), 596-598

 L.M. Rocha [2014]. Expresso 8 Fevereiro, pp. 35.

Bollen J et al  [2014] EMBO Rep. 10.1002/embr.201338068

NIH proposals
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CNS, interdisciplinarity and training

 How to increase Collaboration & Team Science? 
 University departments built within disciplinary walls make it very 

difficult for a single-PI group to develop competence in 
computational/systems science as well as the methodology of the 
natural and social sciences. 
 How to enable teams capable of escaping the silos of disciplinary training 

and be collectively rewarded, rather than made to follow the single agenda of 
a lead investigator?

 no single lab can address the complex challenges of the 21st century
 Funding

 national agencies tend to organize opportunities within disciplinary 
walls and prefer to fund the agendas of lead principal investigators
from a discipline. 
 need to foster diverse teams tackling truly vexing interdisciplinary problems

 Training
 graduate training in one of the two dimensions

 experimental and observational methods in a specific area or in general 
methodologies. 

 shortening of academic training periods make it more difficult 
 need to integrate the general-purpose, computational expertise of 

CNS with the deep, domain-specific research methodologies of the 
natural, behavioral, and social sciences.

Challenges and opportunities

S. Baker. “Interdisciplinary research ‘struggles to 
bridge academic silos’”. Times Higher 
Education. June 7, 2019.

Thorp, Holden, and Buck Goldstein. "How to create a 
problem-solving institution." Chronicle of Higher Education 
57.2 (2010): A43-A44.
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Interdisciplinary Complex Networks & Systems
NSF Research Traineeship Opportunity
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Pescosolido, B.A. 2006. Journal of Health and 
Social Behavior 47: 189-208.

dual PhD training in general-purpose systems and empirical science

interdisciplinary training in complex networks & systems
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Empirical disciplines

Machine Learning

Dynamical Systems

Network Science

Data Science

integrated graduate training in both dimensions of science
dual Ph.D. degree: students are trained in Informatics/CNS and domain-specific program
interdisciplinary Ph.D. program committees, co-chaired by research mentors from both

embedded in interdisciplinary teams at the Indiana University Network Science Institute
160+ faculty members who participate in CNS research
integrates academic education with interdisciplinary hands-on research
research rotations, extended colloquium, summer internships
professional development in academic and industry environments

34 (22+12) PhD fellows, 40 summer 
affiliates and more than 300 participants 
across the participating PhD programs
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core faculty + more than 160 faculty at IUNI
CNS-NRT

Bernice Pescosolido, 
Colloquium & Outreach
Sociology

Olaf Sporns,
Admissions
Psychological & 
Brain SciencesLuis Rocha, Director

Informatics

Katy Borner,
Evaluation
Int.Syst. Engineering

Armando Razo,
Education & Training
Political Science

Randy Beer
Cognitive Science

John Beggs
Physics

Filomena Garcia
Economics

Fil Menczer
Informatics

https://cns-nrt.indiana.edu/

Johan Bollen
Informatics

Emerson Melo
Economics

Santo Fortunato 
Informatics

Brea Perry
Sociology

Ellen Ketterson
Biology

Stasa Milojevic 
Informatics

Bill Trochim 
Cornell, Evaluator

https://cns-nrt.indiana.edu/the-program/faculty-staff.html
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advisory board
CNS-NRT

cns-nrt.indiana.edu
Melanie Mitchell, Portland 
State U.
Santa Fe Institute

Cristopher Moore, 
Santa Fe Institute

Winter Mason, 
Facebook Inc.

Alessandro 
Vespignani, Northeastern U.

Travis Brown, Indiana 
University

Siddhartha 
Chaterjee, Persistent
Inc.

Souvik Ghosh, 
Linkedin Corp.

Raissa D’Souza, 
U.C. Davis

https://cns-nrt.indiana.edu/the-program/advisory-board/
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Interdisciplinary Complex Networks & Systems (@Informatics)
NSF Research Traineeship Opportunity

https://cns-nrt.indiana.edu/students/
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systems/computational thinking

 The complexity worldview
 Interdisciplinary and collaborative

 Integration of empirical sciences with general-purpose modeling
 Thrives in problem-driven environments

 Los Alamos, Santa Fe, new computing centers
 Data-driven, computational and mathematical modeling

 Massive combinatorial searches
 Networks, feedback, statistics, machine learning, dynamical systems

 study of organization
 whole is more than sum of parts

 Nonlinear thinking
 Counterintuitive system-level properties

Training to see the world differently

Small changes in micro-level rules can change macro-level behavior dramatically

• Intuition can be a poor guide to predicting the behavior of a complex system.
• Simulation is a powerful tool for harnessing the dynamics of complex systems, but simplification is 

necessary dur to computational complexity.
• Induction can fail in the face of true complexity.
• Actionable models + parameter induction good strategy in the face of multi-level complexity.
• Interdisciplinarity and team culture essential in 2-dimensional science.


