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lecture 10: Interdisciplinarity
introduction to systems science
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may work in complex interrelated domain (with rare control events)
Inductive and deductive actionable models
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multiscale factors in social, technological and biomedical problems

Pescosolido, B.A. 2006. Journal of 
Health and Social Behavior 47: 189-208.

goal of systems science: multilevel complexity
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De Domenico, et al [2024]. NPJ Digital Medicine. In press. 
arXiv:2405.09649. 
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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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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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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.
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introduction to informatics

 Participation and Discussion: 15%. 
 class discussion, everybody reads and discusses every paper
 engagement in class

 Lead Discussions: 25%
 Students are assigned to papers as lead discussants

 all students are supposed to read and participate in discussion of every paper. 
 Lead discussant prepares short summary of assigned paper (10 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.

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

 Python Homework: 25%
 From Python workshop (3rd Session Prof. Sayama)

 Term Paper/Project proposal: 35% 
 A paper with a proposal for a project that uses complex systems thinking in your domain of 

expertise.
 no more than 8 pages, no less than 4, excluding figures

 Explain why systems science methods and approaches could be useful for problem area.
 At least 25% of the readings should be cited with context.

evaluation
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