Scientific Methods: Survival Skills for Young Biomedical Investigators
Tung-Tien Sun, NYU School of Medicine
http://sun-lab.med.nyu.edu
Lecture One

Experimental Design: How to Get Any Lab Techniques to Work – and Begin to Have Fun?

Introduction: 

Scientific Methods: Literature analysis, experimental design, scientific writing and integrity and oral presentation See: http://sun-lab.med.nyu.edu/Scientific+Methods
Puzzles & sources of frustrations

Risk assessment & management

· How much can I afford to make (potentially preventable, aka, ‘stupid’) mistakes? Consider:

· How long will the experiment take? 

· How expensive are the reagents?

· How rare are the biological or diseases specimens?

· How much can I afford to trust the various components of this experiment?

· How thoroughly should I plan this experiment?

· Recognize experiments or situations where ‘Failure is not an option!’ 

Trust in authorities

· Authorities: an “accepted” source of expert information or advice

· Everything you blindly trust constitutes a “blind spot” in your thinking. The more blind spots you have, the more difficult it is to trouble shoot a failed experiment.

· How much can you trust an ‘authority’? Depending on the circumstance (see Risk Assessment and management above)

· Frequently perceived ‘authorities’

· Charles River mice example

How to maximize your chance of success when failure is not an option for an experiment

· Must adopt the mentality of a ‘perfectionist’:

· Carefully chose a good experimental protocol

· Thorough understanding of all the chemical reactions and rationale for every step in the protocol

· Thorough planning

· Write in the lab notebook detailed protocols, experimental plans & construct “hypothetical figures” showing your anticipated results

· Try to foresee potential problems and solutions

· Ample consultations

· Experimental design:

· Positive and negative controls. Your negative data mean NOTHING if your positive controls fail, and vice versa

· You can save a lot of time if you first “optimize” a protocol by titrating several key components: 

· Must be done systematically, i.e., changing only one variable at one time 

· The N+(N-1) Rule: 

· An efficient way to systematically titrate a large number of variables with a minimal number of tests (TT Sun, Nature Rev Mol & Cell Biol 2004); 

· An excellent way to organize your tests avoiding confusion 

· A good lab notebook: 

· A place to record, directly, all the primary data after an experiment

· Equally if not even more importantly, a place for detailed experimental design

· Record of an experiment should contain at least: 

· Date

· Questions/hypotheses

· Background and significance (citing key references)

· Design (Tables and flow charts)

· Solutions and reagents

· Results

· Discussion (what the data mean, how do the data forced you to reject or modify your hypothesis, how should next experiment be improved and what should be the next experiments? Must be discussed immediately after an experiment is completed) 

· ‘Truth emerges more readily from errors than from confusion’ Francis Bacon

How much can we blindly trust authorities under a given set of circumstances: 

· Everybody is different

· Some people make logical, conscious decisions about how much they can or cannot trust ‘authorities’ based on risk assessment and management of a particular circumstance; some don't  

· Some people learn from their mistakes and adjust their decision making process; some don't 

· Everybody has developed his/her own long-term habit in such a decision-making process – some are more prone to blindly or inappropriately trusting “authorities” than others

· This habit becomes a part of a person’s “scientific attitude”, or even a part of his “personality”

· Consequences for scientific investigators

· Repeated frustrations

· Communication problems

· Failure to conduct essential experimental controls

· Scientific attitude can be changed

· A course on Scientific Methods like this

· Round table discussion

· Lab culture

· One-on-one teaching vs. group teaching (in lab meetings)

· A culture: a common way of doing things by a group

Puzzles:
· If you are a PI, how do you diagnose your students’ problems in experimental design?

· What kind of practical suggestions can you make to help your students (or yourself)?

Suggested readings: 

Excessive trust in authorities and its influence on experimental design. 

By Tung-Tien Sun, Nat Rev Mol Cell Biol 5, 577-581 (2004). 

If you can actually put everything advocated in this paper in your everyday practice in the lab, you will be able to get any technique to work. You can download this paper from:

http://sun-lab.med.nyu.edu/scientific-methods/how-get-any-lab-techniques-work

Advice to a Young Scientist 

By Peter Brian Medawar

Paperback (June 1981) – highly recommended

Your notes:

Lecture Two

How to Critically Analyze the Literature – and Generate Ideas?

How to generate new ideas?

Santiago Ramon Y Cajal : ‘To discover is to bring together two ideas that were previously unlinked’
How to search the literature:

PubMed 

EndNote

How to read a paper:

Passive reading - reading from the first word to the last.
Active reading – with (5) questions in mind

· What are the problems?

· Why are these problems important?

· How would I approach these problems?

· What kind of data do I need to support their conclusions?

·  How would these conclusions fit into my thinking?

·  Stop and think – stop and think – after you read the title, ABSTRACT, introduction.
· Don't read the Results. Guess what should be Figure 1 and compare what you think it should be and what actually was done. Then guess what should be on Figure 2. If you cannot figure out the next, welcome to the real world. Spend a bit time to try to come up with the next figure by searching the literature and discussing with your fellow students or your mentor.

· Don't have to read the entire Discussion – read selectively
Note taking

· The usual way: write notes on the margin of the hard copy or on another piece of paper; related ideas never ‘see’ each other.

· The “Three ring binder” system: 
· One subject per page

· Alphabetically arranged
· Write down what you learned from the paper in your own words
· Related information are physically adjacent to each other making it more likely for you to recognize and “bring together two ideas that were previously unlinked”, i.e., in Santiago Ramon Y Cajal’s words, to make a “discovery” or to generate a new “idea”.
Suggested reading:

Advice for a Young Investigator

by Santiago Ramon Y Cajal
Neely and Larry W. Swanson (Translators)

Hardcover - 176 pages (1999) – Full of inspiring wisdom. Highly recommended.

Your notes:

Lecture Three

How to Prepare Figures & Generate a First Draft of Your Paper?

Two elements of scientific writing:

· Major challenge: How to generate ideas from your data & how to present them logically

· Lesser challenge: Writing skill 

Writing the first draft: >70% of the battle

· Finalize the figures

· Come up with a list of ideas (4-7 complete sentences/Introduction and Discussion)

· Discuss with your PI -> revision of your list

· Put each KS/idea on top of a blank page

· Re-read relevant literature

· Taking notes (Lecture 2) – put entries under appropriate KS – may generate new KS

· Discuss with your PI -> revision of your list

· Re-read some more literature

· Discuss with your PI -> finalize the list /plan

· Convert each key sentence into a paragraph

· Write the first draft in one sitting

Key sentence

· One idea (a complete sentence) per paragraph 

· Key sentence fully expresses this idea

· Key sentence preferably as the first sentence of the paragraph

· The rest of the paragraph support, explain and expand the key sentence

How to convert a key sentence into a paragraph (examples)

· Convert the key sentence to a question (“what is the evidence that hair corneal epithelial stem cells reside in the limbus?”)

· Answer the question by listing the evidence 1, 2, 3…

· Convert the question back to a statement (“there is mounting evidence that corneal epithelial stem cells reside in the limbus”), and edit away 1, 2, 3…etc. 

Anatomy of a paper

· Title

· Abstract (write this last)

· Introduction

· Methods (write this first – easiest, gets you into the writing mood)

· Figures

· Must first decide one- or two-column width (affects font size etc)

· Minimal wording

· Maximal utilization of space

· Figure legends

· Discussion

· Literature citation

· Fairly crediting original papers 

· How we get here

Suggested readings on scientific writing: 

Dr Sun’s website on How to Write a Paper: 

http://sun-lab.med.nyu.edu/scientific-methods/how-write-a-paper for a collection of good books and useful links.

Dr Sun’s website on How to Write a Research Proposal:
http://sun-lab.med.nyu.edu/scientific-methods/how-write-a-research-proposal for a collection of good books and useful link

The Elements of Style 
by William Strunk, Jr and E.B. 
Publisher: Longman; 4th edition (1999) – Full text available online but really should buy a personal copy.

How To Write & Publish a Scientific Paper: 5th Edition
by Robert A. Day and Barbara Gastel
Cambridge University Press; 6th edition (2006) – visit my site on paper writing


Successful Scientific Writing: A Step-by-Step Guide for the Biological and Medical Sciences
By Janice R. Matthews and Janice R. Matthews
Cambridge University Press; 3 edition (2007) - visit site


Successful Dissertations and Theses : A Guide to Graduate Student Research from Proposal to Completion (Jossey-Bass Higher and Adult Education Series)
by David Madsen  - visit site

Your notes:

Lecture Four

How to Give a Talk or, At Least, Make It Difficult for Your Audience to Sleep?

· Psychological build up

· When you are there

· Differences between a Talk and a Paper

· Goal

· Purpose of the slides

· Slide making

· Large and simple fonts

· Color

· Margin

· Background

· Slide presentation

· One point per slide

· Short title

· Explain Everything

· Explain one element

· One min per simple slide

· Minimal words

· Strategies

· Build up

· Up front

· Table of content

· Good transition is everything

· Curiosity-anticipation-satisfaction

· Summary-conclusions

· At the end

· Simple 

· Stop on time

Readings:

Dr Sun’s website on How to Give a Talk: 

http://sun-lab.med.nyu.edu/scientific-methods/how-give-a-talk
Dazzle 'Em With Style: The Art of Oral Scientific Presentation

by Robert R. H. Anholt

Paperback: 192 pages 

Publisher: Academic Press; 2 edition (September 20, 2005)

Avg. Customer Rating: 5 (out of 5; 5 customer reviews)

List Price: $31.40

“I Can See You Naked”: Making Fearless Presentations

By Ron Hoff, Barrie Maguire (Illustrator)

Paperback: 336 pages 

Publisher: Andrews McMeel Publishing (1992) 

Avg Customer Rating: 4.5 (out of 5; 13 customer reviews)

Price: $14.24 (new)

Your notes:
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