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Statistics: what are they good for?
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Statistics enhance analysis and its
communication

* Check on biases (imperfect!)
* Pick out subtle differences from noise

« Common language
» Concise representation of knowledge



But the science must be sound

* The question posed may limit/slant the answer found

* Political example

— Do you favor repeal of the death tax, so that many families won't

be unfairly burdened with hefty taxes at the time of their grief?
http://analysights.wordpress.com/2010/07/19/avoiding-biased-survey-questions/

* Science example
— most birds have no phallus
— male ducks have long corkscrew penises — a puzzle
— until 2000’s, no one asked what the female ducks look like!
— female oviducts wind the other way, serve as a barrier
— coevolution discovered by Dr. Patricia Brennan



Essential concepts defined b
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Sample size: n
Degrees of freedom: DOF
Population mean: x < g_x
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Essential concepts illustrated
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Integrating definitions and illustration
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Essential concepts: biological example

* Solution with 100 cells/unit volume
* Repeatedly plate that volume V
* Case (A)V=1mL; Case(B) V=10 L
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Confidence intervals (Cl): principle

Example: X =60and 95% Clis + 3
Meaning: 95% of time u lies in range 60 + 3
Consider 90% Cl: u=x = a
— | a>3,or a=37Why?
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Mnemonics: extremes; betting example
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Calculating Cl: old school or software

Confidence Intervals (95%)
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* Can find ttabulated by D(\)IF vs Cl%
— look up and plug in n-\
* InExcel, us TINVfunction
 input pvalue = (100-Cy100 ¥ (19570
P 0,05



Utility of t-test: identifying difference

* Are these two data sets different?

« What are the odds of seeing data sets this
different by chance?
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Calculating significance by t-test
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o Ift,. > t,difference is significant at that CL

» In Excel, us TTEST function it p 0.0
— returns p-value - confidence level (CL) ~ ClL= § old)o

 1-tailed vs. 2-tailed test
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Context for statistical comparisons

* Every statistical test
~ Has Q[ umphdnb
~Asks ¢ syGhe e shon
~ Requires |y o in)ﬂ\/'qrq-}q bo.. (&)&0)
« Some t-test assumptions
— normal distribution (cf. Mann-Whitney test)
— equal variances (type 2 in Excel; type 3 = unequal)
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A few key points easily missed

* Confidence interval (Cl) is for a single
population/data set

* At-test is for comparing two populations at a
given confidence level (CL)

* Excel expects large datasets, and may set
t=1.96 (n =) by default — so check!



Practice assignment

Female heights:é‘f 1, 6‘}, 63, 68 ) : §' ks ‘
Male heights: 75, %1, 76 #0, 6

Calculate 95% CI for each mean

Plot means on bar graph with Cl error bars

* Apply t-test to the means
— for multiple comparisons, ANOVA is better
— comparing many means requires correction
— remember, p = 0.05 means 1 in 20 false positives!

* Excel file available on M1 homepage, Resources



How will we use statistics in Mod 17




