STAT 100 (hance ande Data Analysis Nov. 25, 2002
Today: Paraneter Estinmation and Hypothesis Testing (continued)
Follow up of Pul se Deno
Article about Hinan vs Ape (Tanur pp 68-76)
Follow up of Pulse Deno
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These [nean + 2 S»] are called 95% Gonfidence Intervals for the
popul ati on neans. AQ is aninterval estinate of a popul ation nean.

S far it looks like 35.8 is not the nean for females and 37.7 is not
the nean for nales. (Wy? Because 37.7-1.5 = 36.2 > 35.8 and 35.8+1. 7
=37.5<37.7. ) (e is tenpted to conclude that the popul ation nean
pulse for fenales is greater than the popul ation pulse nean for nal es.
But we nust renenber that the neans 37.7 and 35.8 are sanpl e estinates
and where they fall is not the question of scientific interest. V¢ need
to pose our question in terns of the popul ation neans. The rel evant
guestion is:

Ae the two popul ation neans equal ? O, equivalently, does the
difference in popul ation neans equal to 0?

Snce the difference in populati on neans is estinated by the difference
in sanple neans, we need to use this difference — but to interpret this
difference, we need the P of the difference of sanpl e neans.

The D of the difference is calculated as +.75*+.86° =1.1 and the sanple
difference is 37.7-35.8 = 1.9 so we could say the difference is
1.9 +2(11) o 19 + 22

This last interval does contain O, so a O population difference is
credible, and the data does not prove a difference in popul ati on neans
exi sts. V& can conclude that the neans of the two popul ati on
distributions have not been shown to be different. (It is not true
that we have shown the difference IS 0. )

The hypothesis testing approach ...

There is another way to report this result: Wat is the chance that a
difference of neans of 1.9 or nore would result IF their were ND
difference in the popul ation neans(*)? Because we are averaging here
we can assune nornality, and now we are asking how likely it is to get



avaue that is 1.9 pulses greater than 0? If we ask the question in
terns of 9% above the nean - how likely it is to get a value that is
1.9/1.1=1.73 I> greater than the nean? W& only know that greater than
1 D has a chance of 16% [16=(100-68)/2] and greater than 29> has a
chance of 2.5%[2 5=(100-95)/2]. There are tables of the nornal
distribution that give the %for any nunber of 9% and in this case we
can find fromthe table that the chance of a deviation greater than
1.73 <> is about 4%

Wat does this suggest? It suggests that a rare event has occurred,
sonething that only happens 4 in 100 tines. But there nay be an nore
credible explanation. Actually the popul ation neans are NOI' equal
(contrary to our tentative assunption at (*)). If they are not equal
(and for exanple the nale pul se average were snaller than that for
fenal es) the sanple results would be ordinary (not rare). Ego, ve
conclude that a popul ation difference exists!

This "contrapuntal™ logic is what is used very often in statistical
work, in the testing of hypotheses. The 4%that we cane up wth is
called "the p-val ue". The tentative assunption of no popul ation
difference is called "the null hypothesis". The alternative to the
nul hypothesis is called "the alternative hypothesis".

The hypothesis testing approach goes like this:

Sate a null hypot hesi s.

Gl culate the probability for the sanple result, if the nu | hyp. true
If this probability (the p-value) is small reject the null.

Qherwse conclude the null is credible.

Sone people find the approach that uses the CGonfidence Interval o

the difference of neans to be sinpler to understand than the
Hypothesis Testing approach.

Another Hypothesis Test Exanple: Human vs Ape (Tanur pp 68-76)
25 mllion year old fossil el bow — human vs chi npanzee?

nany neasurenents to attenpt to quanitfy "shape" of the bone (Table 1
page 73 shows the 7 neasurenents and their averages for chinps and
hunans. Gl themV, V, ...., V.. Ve want an index fromthese |ike

Index =-.09 V,+ .40 \, + ...+ .56 V,

so big values reflect chinpanzee el bows and snal|l val ues reflect hunman
elbows. (If the V| are standardi zed, by subtracting the nean and



dividing by the =3 then the coefficients -.09, +40 etc wll indicate
the inportance of the varous neasurenents in formng the index. )

The way the index is forned fromthe data is conplex but easy to find
using statistical software. The index is called the discrimnant

function. W& calculate this index for any tooth we want to classify as
hunan or ape.

Now we have our fossil elbow and we want to test whether or not it fits
wth the chinpanzee popul ation (based on the 40 chinps data). It turns
out that the chance of getting an index value as small as we did (it
was 59.4 see topon p 75 is 1in 500. IF the elbowis a chinp tooth,
it is avery unusual one. A nore reasonable explanation is that it is
NOI a chinp elbow but nore like a hunan elbow This is the use of the
hypothesis testing |ogic again.

Dd ve need all this nachinery? Quld we not have used one or other o
the neasurenents, instead of all seven of then? Fg 1in the article
tells why. Here is another version of that figure:

Variables that overlap can discriminate well
if they are used jointly instead of one-at-a-time.
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This figure shows that, when single variables do not discrimnate well
between two groups, using nore than one such variable nay allow very
good di scrimnation. Note that, if one variable OD discrimnate
vell, the index approach would be a waste of tine.



