Stat 13, Intro. to Statistical Methods for the Life and Health
Sciences.

1. Predicting faces example.

2. 2-sided tests.

3. Predicting house elections.

4. Normal distribution, CLT, and Halloween candy example.
5. Validity conditions for testing proportions.

6. Failing to reject the null vs. accepting the null, wealth and
echinacea examples.

http://www.stat.ucla.edu/~frederic/13/W24 .

Read chapters 2 and 3.



sSa ‘ CHAPSPTESA »

&, Definve the par

ser of -‘—mmmo‘.“
study and assagn a syrnbold Do e
=

amd the alternative hypothes
using the symmbol defimed in pare (a)
<.

Intcrpret the standardized statistic in the comext of the
study. ( Femz: Yo neocd 1o talk abhomas the value of yowuar ob-
served statistic in terms of standard devialioms assuming
—_ s trwae)

f. Basced on the standardsred statistic. state the conclusion that
You would drave ab>owt the nall and alternative hypotheses.
T3 .. Supposc that instcad of H, = = O.S0 hikec 3t was in
the previous exercise. owur nuall hypothesss was He & = O.60.
= In she comext of thas mall hypoah

2 -
dardized stasistic from the data

=

whs. r chee
wihere S0 of 124 Kissiog
mhwmwm(m\rﬂ-ﬁnn«dw
sct the standard deviatson of the sitnulated statistics froenm
thve muall disrribation. )

FHowe. if at all. does the standardized stamistic calculared
here differ froom that when Fi - = = O S0 Explain why this
makes sense.

Lowe, first™

T3S A previows exercise (1.2.16) introduced you 1o &
study of 40 heterosexual couplcs. In 28 of the 40 couplcs tho

male sasd ~1 bowe yowu~ farst. [The rescarchers were imtercstod
in Jearning whether these data prosided evide

cthas i sag-
naficanthy more than SO0%: of couples the male says ~ 1 love
o™ Brst.

. State the mull hypothesis and the altermative hypothesis an
the comtext of the studw.

B. Determanc the standardized szantistic from the data. (Fiine:
Yous will meed o get the standard deviation of the sisoa -
Lated statistics from the nall distribation. )

<. 1 the standardizced statistsc im the conmtext of the

study. (Flarmr: You need to talk aboot the value of your ob-

served statistic in terons of standard dew C A %
&S trune )

=
. Based on the standardired statisasc. state the comclussom
thalyoumlddmabocn!tlnmhwiono‘
wwhether males are more likely 2o say 1 bove you™ Rrss.
Rhhesus Mmonkeys
Reoewvisit Exercise 1.2 18 abowut the study on Rheoesus mon -
keys. When given a choice between two boxes. 30 out of

T, e ——

e

'tms-wls"em’
Segrufca e

sardized statistic in the context of the
<- Inﬂtfi""_ m‘,‘l:“ You noed 1o talic about the v‘hae_ of youar ob-
stuady (‘w_ B ‘emof“md-rd deviations assuasrming

ed STatssiac, State the comciusaon
about the rescarch guestion of
ability 1o understand

1.3 7 For this stuady:

—.Deﬁnclbep-m“oflntcmttntlncmof

M“was)mboltoit.

Staze the nmull hypothesis and the altermative hypot
using the symbol defined an part (a).

. Whaz is the observed proportion of times the ladywy

Also, do you anticipate the SID of the mull distrib
be negative, positive., or OF Why?

minc the standardized statkstac.
Interpret the standardized statistic i
n the <o
the stady. (Fing: You necd o talk abowat the
1?-:.-— obscrved statistic i terms of standacd
ing is true. )

Based on the standardized Statisti
that you would dres . Lic. state the
whether the lady does better than ran<dornly g




= )

- 2 of Bow many attempts? Thus. what

Pft_bpo;tmn of the tirme did Kricger choose the correct

= S.ilvrulaf'e: Using an applct. simulate 1.000 repCctitions
of b.\’ll?s the dog choosc Between the two objocts &f
Be is doing so randomily. Report the null and standard
deviation.

<. hsedmlhesn:dyim.mulhep-valwﬂofmuw?

<5 Wldymlwiono‘th.e 1O arscrmpes womld
WWWlo’e(cominmloyﬁ“a
P-valuse of approxirmately O.OS?

T. .S
-.Bmdo-td:cnudy'smull.u—hmistlucsww
STatistsc for this test?

. Reoevisit your conjecture in Exercise 1.4.22, part (d). Dsd
way you had conjectured?

MNe sign test
o far., the ocoutcome has always been binary— Yes/No.
LGgho/Wrong. Heads/Tails., etc. What if coutcomes are
wantitative. like heights or percentages? Aldthough there
re specialized methods for such data thar yous will lcarm in
later chapter, you can also use the methods and logic you
ave alrcady lcarned for situations of a wvery different soct-
) outcomes are guantitative, (2) IO want Lo compare
o conditions A and B, and (3) your data come in Pairs,
e A and one B in cach pair. To apply the coin toss modcl,
ra simmply ask for cach pair. “Is the A value bigger than
<« B value?” The resulting test is called the “sigm test™ be-
use the difference (A — B) is cither plus or minus. Here's

ammmary table:

‘ & . ! N . {
coin v | Heads Poteads) | hyooth { Semtiestc
=== guess | Feght | L - P Ugh | = - O.50 | &
= e A == FPA 8 =~ 0S50 ! e

ine prowvidence

- Cosnglcte the
et sixe v ' valse <o {
i ea8-ve3z_§ . - —— §) ————= S =

Healthy lunNngs :
T1T.4.26 Rescarchers wanted o test the hypothesis

ivi the cowntry is better for your lungs than living
..v:n‘ '::» ehminame?be possible variation duc to genctic dif-
.&mc — they located seven pairs of identical twins with

:
member of cach twin living in the coumntry. the other in a

coumry had hcalthicr Jungs.
@, Is the alcrmative hypothesis one-sided or two-sided?
B. Based on the sample size and distance between the null

valuce and the observed proportion, estimate the sarength
of evidence: incomclusive. weak but suggestive., moder-

atcly strong. stromg. or overwhelming. -
Here are probabilitics for the number of heads in seven
tosses of a falr coin:
- oo L e S Tow T T st i - i = i =

Protatary | 00078 | 00547 | G ieer 02732 02734 01621 O oOsar

Compute the p-valuc and stase yYour conclusios:.

Bee stings
1T a2 _Scicntisas gathered data to test
thalbeesmmlike{ylostlttga

and distance between the null
Propostion, cstimate the slrenv.ll
tely Stromg. SErong. or o ; “:‘ek bi'" Suggestive, mocder-

=5~ Refer to Excrcises 1. 485 o 1.4.12 Dr. Asbuah o s e ==
al analysis was Jdifferent from the analysis YO sas e — d’amf cu.::‘" p . A ol
er. Instead of using cach indsvidual birth as a cotn toss - asr - he numbe 1

r

sthnot used a sign test with cach of the 82 ycars as a
toss. and a year with more male births counted as a

R

s T

»
o . | 2 ' = 4 = =

—_— .
°2mi°2t’i° 1@10@!3



2.3.15 starts "Consider a manufacturing process that is producing hypodermic
needles that will be used for blood donations. These needles need to have a
diameter of 1.65mm — too big and they would hurt the donor (even

more than usual), too small and they would rupture the red blood cellvs, rendeﬁng the donated blood useless.
Thus, the manufacturing process would have to be closely monitored to detect any significant departures from

the desired diameter. During every shift, quality control personnel take a sample of several needles and measure
their diameters. If they discover a problem, they will stop the manufacturing process until it is corrected.

a. Define the parameter of interest in the context of this study and assign an appropriate symbol to it.
b. State the appropriate null and alternative hypotheses using the symbol defined in (a).

¢. Describe what a Type I error would be in this study. Also, describe the consequence of such an error in the
context of this study.

d. Describe what a Type II error would be in this study. Also, describe the consequence of such an error in the
context of this study.

3.3.18 starts "Reconsider the investigation of the manufacturing process that is
producing hypodermic needles. Using the data from the most recent sample of
needles, a 90% confidence interval for the average diameter of needles is...."
4.1.23 starts "In November 2010, an article titled 'Frequency of Cold Dramatically
Cut with Regular Exercise' appeared in Medical News Today."



Predicting Elections
from Faces



Predicting Elections

* Do voters make judgments about candidates based on facial
appearances?

* More specifically, can you predict an election by choosing the
candidate whose face is more competent-looking?

* Participants were shown two candidates and asked who has the more
competent-looking face.



Who has the more competent looking face?

e 2004 Senate Candidates from Wisconsin

Winner



Bonus: One is named Tim and the other is Russ. Which name
is the one on the left?

e 2004 Senate Candidates from Wisconsin

Tim



Predicting Elections

* They determined which face was the more competent for
the 32 Senate races in 2004.

* What are the observational units?
* The 32 Senate races

* What is the variable measured?
* If the method predicted the winner correctly



Predicting Elections

* Null hypothesis: The probability this method predicts the
winner equals 0.5. (Hy: T = 0.5)

* Alternative hypothesis: The probability this method predicts
the winner is greater than 0.5. (H,: = > 0.5)

* This method predicted 23 of 32 races, hence p = 23/32 =
0.719, or 71.9%.



Predicting Elections

1000 simulated sets of 32 races

160 T
Mean = 0.501
SD = 0.09
120 | Proportion = 0.009
80 +
40 +
0 :
012 019 025 031 038 044 05 056 062 0.69|0.75 0.81
<— Proportion of successes —» p=0.7188



Predicting Elections

* With a p-value of 0.009 we have strong evidence against the null
hypothesis.

* When we calculate the standardized statistic we again show strong
evidence against the null.

07188 - 0.5

= 2.43.
g 0.09

* What do the p-value and standardized statistic mean?



What affects the strength of
evidence?

1. The effect size, which is the
difference between the observed

statistic (p) and null hypothesis
parameter (m,).

2. Sample size.
3. If we do a one or two-sided test.



Effect size, i.e. the difference between p

and Tt

* What if researchers predicted 26 elections instead

of 237

* 26/32 = 0.8125 never occurs just by chance
hence the p-value is O.

1206+

80+

«— Proportion of successes —

mear
5D =(

f
012 019 025 031 038 044 05 056 062 069 075 0.

=0.502
).09

proporion=0

b =0.8125




Difference between p and the null parameter

* The farther away the observed statistic is from the average value of
the null distribution (or 1), the more evidence there is against the
null hypothesis.



Sample Size

Suppose the sample proportion stays the same, do you think
increasing sample size will increase, decrease, or have no impact on
the strength of evidence against the null hypothesis?



Sample Size

* The null distribution changes as we increase the sample
size from 32 senate races to 128 races to 256 races.

* As the sample size increases, the variability (standard
error) decreases.
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Sample Size

* What does decreasing variability mean for statistical significance (with
same sample proportion)?
* 32 elections
* p-value=0.009 and z = 2.43

* 128 elections
* p-value =0 and z =5.07

* 256 elections
* Even stronger evidence
* p-value=0and z=9.52



Sample Size

* As the sample size increases, the variability decreases.

* Therefore, as the sample size increases, the evidence against the null
hypothesis increases (as long as the sample proportion stays the
same and is in the direction of the alternative hypothesis).



Two-Sided Tests

* What if researchers were wrong; instead of the person
with the more competent face being elected more
frequently, it was actually less frequently?

Ho: T =0.5
H,:m >0.5

e With this alternative, if we get a sample proportion less
than 0.5, we would get a p-value greater than 50%.

e This is a one-sided test.
 Often one-sided is too narrow
e |n fact most research uses two-sided tests.



Two-Sided Tests

* In a two-sided test the null can be rejected when sample proportions
are in either tail of the null distribution.

Null hypothesis: The probability this method predicts the winner
equals 0.50. (H,: 1= 0.50)

Alternative hypothesis: The probability this method predicts the
winner is not 0.50.

(H,: T # 0.50)



Two-Sided Tests

* Continuing with the example of predicting elections
based on faces, since our sample proportion was 0.7188
and 0.7188 is 0.2188 above 0.5, we also need to look at

0.2188 below 0.5.

* The p-value will include all simulated proportions 0.7188
and above as well as those 0.2812 and below.

160 1 Mean = 0.495
SD = 0.088

120 ¢+

0 -
012 019 025 031 038 044 05 056 0.62 0.69 0.75 0.81

<«— 02188 +02188 —> =



Two-Sided Tests

* 0.7188 or greater was obtained 9 times
* 0.2812 or less was obtained 8 times
* The p-valueis (8 +9=17)/1000 = 0.017.

* Two-sided tests increase the p-value (it about doubles) and hence
decrease the strength of evidence.

e Two-sided tests are said to be more conservative. More evidence is
needed to reject the null hypothesis.



Predicting House Elections

» Researchers also predicted the 279 races for the House of
Representatives in 2004.

* They correctly predicted the winner in 189/279 = 0.677, or 67.7% of
the races.

* The House’s sample percentage (67.7%) is a bit smaller than the
Senate (71.9%), but the sample size is larger (279) than for the senate
races (32).

* Do you expect the strength of evidence to be stronger, weaker, or
essentially the same for the House compared to the Senate?



Predicting House Elections

Distance of the observed statistic to the null hypothesis value
e The statistic in the House is 0.677 compared to 0.719 in the Senate
 Slight decrease in the effect size.

Sample size

* The sample size is almost 10 times as large (279 vs. 32)
* This will increase the strength of evidence.



Predicting House Elections

Null distribution of 279 sample House races

Mean = 0.501
SD = 0.03
60
40
20
0
0.38 0.401 0.423 0.444 0.466 0.487 0.509 0.53 0.552 0.573 0.595 0.616

-<«—— Proportion of successes ——>

Simulated statistics 20.677 didn’t occur at
all so the p-value is O



Predicting House Elections

* What about the standardized statistics?
* For the Senate it was 2.43
* For the House is 5.90.
* The larger sample size for the House outweighed the smaller effect size in this

particular case. We have stronger evidence against the null using the data from
the House.



1. What impacts p-values and
strength of evidence?
Faces example,

Section 1.4.



Predicting Elections
from Faces



Predicting Elections

* Do voters make judgments about candidates based on facial
appearances?

* More specifically, can you predict an election by choosing the
candidate whose face is more competent-looking?

* Participants were shown two candidates and asked who has the more
competent-looking face.



4. Normal distribution, CLT, and
halloween candy example.

Section 1.5
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* The shape of most of our simulated null distributions always seems to
be bell shaped. This shape is called the normal distribution.

* The Central Limit Theorem (CLT) dictates that, as n gets large, the
sample mean or proportion becomes approximately normally
distributed.

* When we do a test of significance using theory-based methods, only
how our p-values are found will change. Everything else will stay the
same.



The Normal Distribution

* Both of these are centered at 0.5.
* The one on the left represents samples of size 30.
* The one on the right represents samples of size 300.
* Both could be described as normal distributions.
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When can | use a theory-based test that uses the

normal distribution?

* The shape of the randomized null distribution is
affected by the sample size and the proportion
under the null hypothesis.

* The larger the sample size the better.
* The closer the null proportion is to 0.5 the better.

* For testing proportions, you should have at least 10
successes and 10 failures in your sample to be
confident that a normal distribution will fit the
simulated null distribution nicely.



Advantages and Disadvantages of Theory-
Based Tests

* Advantages of theory-based tests
* No need to set up some randomization method
Fast and Easy
Can be done with a wide variety of software
We all get the same p-value.
» Determining confidence intervals (we will do this in chapter 3) is much easier.

* Disadvantages of theory-based tests

* They all come with some validity conditions (like the number of success and
failures we have for a single proportion test).



Example 1.5: Halloween Treats

* Researchers investigated whether children show a preference to toys
or candy
* Test households in five Connecticut neighborhoods offered children
two plates:
* One with candy
* One with small, inexpensive toys
* The researchers observed the selections of 283 trick-or-treaters
between ages 3 and 14.



Hal\ovveen Treats

Null: The proportion of trick-or-treaters who choose
candy is 0.5.

* Alternative: The proportion of trick-or-treaters who
choose candy is not 0.5.

* Hy: 1= 0.5
*H,:m#0.5

e 283 children were observed
— 148 (52.3%) chose candy
— 135 (47.7%) chose toys



Standard Deviation of p

* Under the null distribution, the standard deviation of p is

\/n(l — 1) /n where 7 is the proportion under the null and 7 is the
sample size.

., [05(1-0.5) _ 0.0297
283 ' '




Theory-Based Inference

* The theory-based standard error works if we have a large enough
sample size.

* We have 148 successes and 135 failures. Is the sample size large
enough to use the theory-based method?



Standardized Statistic

, 0.523-0.5
0297

* This is our Z-statistic, meaning the sample
proportion is 0.774 SEs above the mean.

=0.774.

* Remember that a standardized statistic of more
than 2 indicates that the sample result is far
enough from the hypothesized value to be unlikely
if the null were true.

* We had a standardized statistic that was not more
than 2 (or even 1) so we don’t really have strong
evidence against the null.



Halloween Treats

* To compute the p-value in R,
2*(1-pnorm(.774)) ~ 0.439.

* The theory-based p-value is 0.439 so if half of the population of trick-
or-treaters preferred candy, then there’s a 43.9% chance that a

random sample of 283 trick-or-treaters would have 148 or more, or
135 or fewer, candy choosers.

* Since 43.9% is not a small p-value, we don’t have strong (or even

moderate) evidence that trick-or-treaters prefer one type of treat
over the other. We cannot reject the null hypothesis.



5. Validity conditions for testing
proportions.

* You should have at least 10 successes and 10
failures in your sample to be confident a normal
distribution will fit the simulated null
distribution nicely.

* Your observations should be (at least approximately)
independent. We will discuss what this means later in
this lecture when we talk about sampling.



6. Failing to reject the null hypothesis vs.
accepting the null hypothesis.

* Benoit Mandelbrot.
We've tested it on many datasets and found

the Pareto distribution "fits perfectly".
e from B. Moll (2012).

U.S. Wealth Distribution
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Failing to reject the null vs. accepting the null.

* Benoit Mandelbrot.
We've tested it on many datasets and found
the Pareto distribution "fits perfectly".
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Failing to reject the null vs. accepting the null.

* Benoit Mandelbrot.
We've tested it on many datasets and found
the Pareto distribution "fits perfectly".

* Think about it. What is the null hypothesis of the
test. Is it possible to show that the model fits perfectly?

* You might not reject the null with a certain n, and then
as n grows, you reject it.

* Nowadays people are using the tapered Pareto
distribution instead of the Pareto.

* Echinacea vs. placebo. n =58. Oneil et al. 2008.



Failing to reject the null vs. accepting the null.

e 28 in echinacea group and 30 in placebo group.

* "[V]olunteers recruited from hospital personnel were
randomly assigned to receive 3 capsules twice daily of
either placebo (parsley) or E. purpurea [echinacea] for 8
weeks during the winter months. Upper respiratory tract
symptoms were reported weekly during this period.

* "Individuals in the echinacea group reported 9 sick days
per person during the 8-week period, whereas the
placebo group reported 14 sick days (z =-0.42; P = .67)."



Failing to reject the null vs. accepting the null.

* conclusion in Oneil et al. (2008), "commercially available E.
purpurea capsules did not significantly alter the frequency of
upper respiratory tract symptoms compared with placebo use."

* From sciencebasedmedicine.org, "[The study] added to the
evidence that Echinacea is not useful for prevention of colds or
flus. They found no difference in incidence of cold symptoms."

 ABC News headline "Study: Echinacea no help for colds".



http://www.ncbi.nlm.nih.gov/pubmed/18450126

Failing to reject the null vs. accepting the null.

Cold and flu .. &i:NBCNEWS.com

Got a cold? Sorry, echinacea
won't help much

Study shows the popular herbal remedy may bring milder symptoms — but that could be due to

chance 3 Recommend 7

| Crr I Health » Diet + Fitness | Living Well | Parenting + Family

Echinacea fails to curb the common cold




Failing to reject the null vs. accepting the null.

Today, most of the evidence seems to indicate that echinacea
does boost the immune system a little bit and help to fight
colds. From WebMD: "Extracts of echinacea do seem to have
an effect on the immune system, your body's defense against
germs. Research shows it increases the number of white
blood cells, which fight infections. A review of more than a
dozen studies, published in 2014, found the herbal remedy
had a very slight benefit in preventing colds."



