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What is the right approach to doing science when the system is complicated?

Week 1: initial questions

· Why are some problems and hypotheses more likely to lead to enlightenment (or to the reduction in ignorance), while others are more likely to further obscure the truth? How does one construct a hypothesis that has the intrinsic property of knowability?

· What are the roles of intuition and experience/deduction in formulating a question that is knowable when it is probed using scientific reasoning?

· When do models build knowledge? What types of models are most influential in shaping the way we think? Are they the same models that keep the scientific investigation on the pathway to truth? 
· How does one avoid working on a problem that "dies when the investigator dies" (Michelangelo)?
· How do you determine whether a problem is tractable/doable?
· goal: to minimize the risk of picking an intractable problem.

· Can we think of examples of questions (in climate) that are out there that are not solvable/knowable? Why do we think they are unsolvable? 

· Which questions are fundamental (aesthetics)? Which questions are profound (complexity)? And how do we know they are fundamental or profound (as opposed to influential)?

· give examples of fundamental/profound questions. Have any fundamental/profound questions been solved?
· Do fundamental/profound questions always lead to principles you can understand? Do they have to lead to something you can explicitly model?
Weeks 2/3 Background issues about science.
1. The undeniable fact of logic that falsifiability the only true way to acquire certain knowledge.

2. This means there must be a new fact to test. 

3. A softer measure of falsifiability is not did you prove something wrong, but rather are you surprised by the new observation?

This is true, but what does it mean for us?

-It is a slipperier concept in complex systems…

2. Point 1. leads to the imperative need for clear statement of the problem

In reality, in complex systems we have to falsify each idea against a complex web of knowledge. This leads to the importance of clarity in defining background knowledge and your confidence in it.

What does ‘confidence’ mean?

· Pass peer review.

· beyond dispute.

· sleep easily at night.

Science is all about being clear about what the problem is. And continually reassessing the problem at each stage of thinking about it.

3. In complicated systems, there will be a need to build an idea over time (work to support an hypothesis, or explore its consequences)

HOWEVER Science must ULTIMATELY face a test of falsifiability. Science culture must reflect this properly. People must be held accountable/defend why what they are doing is falsifiable.

This emphasizes the importance of having a clear goal and a clear idea of what role your work is playing (are you trying to bound an answer, are you supporting/articulating a hypothesis, categorizing/observing, challenging a existing idea?).

4. What does ‘understanding’ mean?

Not always clear, but roughly what constitutes understanding is explaining many things in terms of fewer things, or complicated things in terms of simpler things.

Week 4/5 Models

1. We found out that nobody has a very good idea of the right interpretation of what a model is in science, but it is a seriously important issue! Your interpretation of what your model is fundamentally affects what you do with it and how you interpret the results.

Two ideas:-

Trade-offs betweens generality, precision, and realism (Levins, 1966).

Whole hierarchy of different classifications (Frigg, 2005).

For complicated systems what do these ideas mean?

CANNOT separate the model from the problem in interpreting its meaning

(for some problems a GCM is effectively behaving as an EBM)

Models are tricky. They can be “too complicated to understand or too simple to be relevant”. It is about matching the tool to the task.

There are fundamental limits to what one should expect to model (we did not discuss this nearly enough)

The complexity of your model ought to be commensurate with the complexity of your explanation. If there is a disconnect between the two, it flags a potential problem.

Nature of a Model

· not clear philosophically what a model is

· In complex systems, the meaning of the model is intrinsically tied to the problem

· Matching the model to the task – allow for iterations

· If model is too complicated – cannot guarantee your answer.

· Within a given system the more complicated it is the more ways, in general, a particular phenomenon can come about. You risk a non-unique answer.

· Simple model to flesh out/bound the idea.

1.5 Using the wrong model

· Costs in time and comprehensibility

· Achilles heel of bad models are often the heart of the problem

· Risk of being seduced into believing it.

· need to know your confidence in the foundations of the model (akin to confidence in background knowledge)

2. In complicated systems the answers to the big problems will likely be composed from the aggregate of answers to a set sub problems. BUT does the big problem pass the HUMPTY-DUMPTY TEST!

The Humpty Dumpty test

After you have broken the problem into smaller pieces, how confident are you that you can put the pieces back together again?

This is crucial. If you work on a subproblem, motivated by a big problem, you absolutely must have an idea about whether you can pass the Humpty-Dumpty test.

The onus is on YOU to show that the individual pieces can be meaningfully reassembled. In complex systems IT IS NOT OBVIOUS OR AUTOMATIC that this can be done.  (we should have discussed this more)

Week 6/7: Polya checklist

Review the purpose of creating one:

Value of recipe, especially in light of complex problems

Good problems are likely to be tractable using the Polya-like process.

This is the link to identifying good problems – can you imagine how you might lay out a path to its answer that would satisfy the positive criteria of the Polya checklist.

COMPLEX problems will have complex complex subproblems – adds enormous difficulties relative to the Math Polya check list. 

Week 8: Rapid climate change

Lessons?

Week 9: finding precise questions in random problems

· its hard!!! It ain’t easy, takes systematic thinking. Relative to the amount of time spent doing the research, it repays itself many times over.

· Difficulty is a reflection of how unsystematic we all are in reality

· Requires knowledge of foundations/experience

· usefulness of a sounding board

· the role of ‘her Majesty’s loyal opposition’

· internal and external critic important

· constant process of questioning.

· Come to a good problem quicker.

· Can be done over beer.

· Efficient way of trawling through the spectrum of research possibilities, before committing to what may be years of work.

· Liberating to do before you have a vested interest in one approach.
