------- First research focusing meeting ----------

The topic for the first meeting is "What is the goal or

purpose of your research?" or "What question are you trying to

answer or constrain?"

This isn't any kind of formal presentation. There is no need to bring

slides or overheads. However, if you think it would help

to clarify our understanding, feel free to bring handouts,

maps, data, whatever. 

First I will ask you to write your question on the board

in the form of one sentence ending with a question mark.

You'll have

five or ten minutes to explain your question, and then we'll

all discuss it.  I will then try to put

your small research questions

into a larger context of the big questions of science at this

point in history.

One theme that has run through comments on

students' research projects in the past is that

the students tend not to have done enough background reading

of materials surrounding their specific project, and thus

their grasp of how their work fits into the big picture is

weak. It's hard to acquire this "big picture" view

while you are writing the "Interpretation & Discussion" part of your paper.

So one point of this meeting, and part of the point of the research proposal,

is to get you thinking about this big picture long before you are immersed

in the details of your data.

The nature of what you'll be able to say will vary from project

to project, but here are some ways to approach it:

* What are you trying to discover?

* What are some possible answers to this question?

* Who else has tried to constrain this question in the past,

and what constraints have those previous workers provided?

* How will your work differ from that of the previous workers?

* Has the question already been answered for other systems,

other field areas, other times or places?

* Why is the question worth answering?  Why is the question

interesting or important?

Sometimes there are two levels of questions which you are

trying to constrain: a specific, narrow, little question

that you might actually have a chance to answer, and

a big or even huge question, towards which

your little question is a small contribution.
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I would like each of you to describe to us the main methods that you propose to use for your research. Of course you won't have all the details worked out yet, but tell us as best you can about the main tools or techniques or methods you are considering using.

A "method" can be intellectual,

as well as chemical, or physical, or statistical, or biological, etc.

Some typical things to try to understand about a method, either in your own research, or in the research of a scientist whom you are writing about:

* If sampling is observed, what will be the sampling scheme?  How

many samples?  At what interval in space or time?  What tradeoffs

are involved in the sampling scheme?

* What is actually being measured? What is the "observable"?

* What is the line of reasoning, or calculation, or data reduction process, by which the "observable" is converted into something that relates to the natural process you are trying to understand?

* How does the tool make the measurement? i.e. what is the underlying physics or chemistry?

* What are the assumptions that underlie the method?

* What are the limitations of the method? under what circumstances is it appropriate or not appropriate to apply the method?

* What is the accuracy and precision of the measurement that the tool is capable of making? How small is this relative to the expected range in the natural phenomenon that you are trying to understand?

To make all this more concrete, think about a student working with turtles. She trapped turtles and marked them and released them. So one "observable" was turtle ID number and the date on which the turtle was captured. She then made a calculation to get from the list of turtle ID's & dates to a number which was supposed to be the population of turtles in each pond. That calculation was an intellectual "method." How did that calculation work? Upon what assumptions was it based? When was it OK and not OK to use?

She also measured several pond water chemistry attributes, including pH and dissolved oxygen concentration. What instrument is used to measure each of these water chemistry properties? How did each tool work? What was its accuracy, and how does that accuracy compare to the anticipated range of values in the pond water?
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The topic of the day is "how will the methods you have told us about

answer or constrain the question you have told us about?" Another way

to think about it is, "how to you expect to interpret your data?"

One very useful and concrete thing

to think about is how you plan to display your data. Will your data be

organized as maps? What parameters will you display on the maps? Will

your data be organized as graphs? What will be on the axes of the

graphs?

A very useful exercise is to sketch out what your data might look like

in certain circumstances. "If X is happening, then I would predict that my

data will be scattered all over the place, but if Y is happening then the

data should be tightly clustered around Z...."  "If A is happening,

then my values should be higher than found by investigator Jones

in outer Mongolia..., but if B is happening then my values should

be lower."  That sort of line of reasoning.

Another way to think about this is "how will I know if my hypothesis

is correct?"  Or for a technology project, "how will I know if my

device is successful?   What metrics will I use to know if I am succeeding?"

The key thing here is to

walk us through the chain of logic by which your observables, the things

you can actually measure, are

connected to Earth or environmental processes.

This is the hardest part of writing a proposal, and the part where many

proposals (from the newest Planet Earth student to the most experienced

NSF investigators) go astray.  But it is also the most important part.

It doesn't matter how interesting or important your questions is, or

how carefully thought out your methods are, if the proposed work will not

constrain the posed question, then you don't have a viable proposal.

