Stat 13, Intro. to Statistical Methods for the Life and Health Sciences.
1. Comparing two means and biking to work example, continued.

2. Paired data, music and studying example.

3. Simulations for paired data, and rounding first base example.

Read chapter 7.

HW4 is due Wed, Mar12, 1159pm. 10.1.8, 10.3.14, 10.3.21, and 10.4.11.
The problems are on the next 5 slides.

The course website is http://www.stat.ucla.edu/~frederic/13/W25 .

If | haven't given your midterm back to you yet, | can do so after class.



10.1.8.

10.1.8 Which of the following statements is correct?

A. Changing the units of measurements of the explay,
or response variable does not change the valye oi;t(:h
e

correlation.
B. A negative value for the correlation indicates that the
re is

no relationship between the two variables.
C. The correlation has the same units (e.g., feet or miny, )
€s

as the explanatory variable.
D. Correlation between y and x has the same number },
opposite sign as the correlation between x and y | o
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10.3.12 Reconsider previous five exercises and the

mdua&mm";odoawnmc&nﬁkhuﬂs
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. Determine the predicted price for such a product.

B. Determine the residual value for this product.

©. Interpret what this residual vakie means.

d. Docs the product fall above or below the Jeast squares line
in the graph? Explain how you can tell. based on fts resid-
wval value.

10.3.13 Reconsider the previous six exercises and the

Legos data file. This ks very unrealistic, but suppaose that one

ofd.eptod‘mmmbeod’cmdu-mofso.

u'%uldywapmthbchmrgewmuwluum
lpe very much? Explain. .
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Bow you chioose this product.

a;'%,mgm»mﬁxmemwm,wmum
in part (b). Report the (ncw)_equauon of the least squares

and the (new) value of 7, Have these values changed

cxamine—the one on the lcft or the onc on the right?
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EXERCISE 10.3.14
-

A p«:dkt«!-tempﬂ'““"' 3578 F 035 d"'rl’"pcz

minute :

: = —131.23 + 3.51 chirps g,
od temperature 23 O8] per

B predict

minute o % :
c ted temperature = 83.54 — 0.25 chirps oo
" minute

b. Which s the correct equation? Circle your answer q

equation to predict the temperature +,
©. Use the correct ing at lOOdI“POPﬂ’ - .

you think is the correct one. -

for whichever equation
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a. Report the value of the slope coefficient for predicting
time from distance.

b. Write a sentence interpreting the value of the slope coef-
ficient for predicting time from distance.

€. Use the line to predict how long a 4-mile hike will take.

d. Would you feel more comfortable using the line predict
the time for a 4-mile hike or for a 12-mile hike? Explain
your choice,

e. The value of the correlation coefficient between time and
distance is 0.916, and the value of 7 = 0,839, Complete
this sentence to interpret what this value means:

83.9%of isexplained by
10.3.22 Reconsider the previous exercise. The following
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1. Comparing Two Means:
Simulation-Based Approach and
bicycling to work example.



Bicycling to Work

 We are 95% confident that the true longterm
difference (carbon — steel) in average commuting
times is between -2.41 and 3.47 minutes.

e We are 95% confident

 Does it make sense that the interval contains O,
based on our p-value?



Bicycling to Work

 Was the sample representative of an overall
population?

 What about the population of all days Dr. Groves
might bike to work?

— No, Groves commuted on consecutive days in this
study and did not include all seasons.

* Was this an experiment? Were the observational
units randomly assigned to treatments?

— Yes, he flipped a coin for the bike.

— We can probably draw cause-and-effect
conclusions here.



Bicycling to Work

* We cannot generalize beyond Groves and his two
bikes.

e A limitation is that this study is not double-blind.

— The researcher and the subject (which happened
to be the same person here) were not blind to
which treatment was being used.

— Dr. Groves knew which bike he was riding, and this
might have affected his state of mind or his
choices while riding.



2. Paired Data.

Chapter 7



 The paired data sets in this chapter have one pair of quantitative
response values for each obs. unit.

* This allows for a comparison where the other possible confounders are
as similar as possible between the two groups.

* Paired data studies remove individual variability by looking at the
difference score for each subject.

* Reducing variability in data improves inferences:

— Narrower confidence intervals.

— Smaller p-values when the null hypothesis is
false.

— Less influence from confounding factors.

 The main idea is to look at the difference between responses, and then
analyze these differences the way we analyzed one variable previously.



Paired data and studying with
music example.



Studying with Music

Many students study while listening to music.
Does it hurt their ability to focus?

In “Checking It Out: Does music interfere with
studying?” Stanford Prof Clifford Nass claims the
human brain listens to song lyrics with the same
part that does word processing.

Instrumental music is, for the most part,
processed on the other side of the brain, and
Nass claims that listening to instrumental music
has virtually no interference on reading text.



Studying with Music

Consider the experimental designs:
Experiment A — Random assignment to 2 groups
e 27 students were randomly assigned to 1 of 2 groups:
* One group listens to music with lyrics.
* One group listens to music without lyrics.

e Students play a memorization game while listening to
the particular music that they were assigned.



Studying with Music

Experiment B — Paired design using repeated measures
e All students play the memorization game twice:
— Once while listening to music with lyrics
— Once while listening to music without lyrics.
Experiment C — Paired design using matching

 Sometimes repeating something is impossible (like testing
a surgical procedure) but we can still pair.

— Test each student on memorization.
— Match students up with similar scores and randomly:

* Have one play the game while listening to music
with lyrics and the other while listening to music
without lyrics.



Studying with Music

We will focus on the repeated measures type of pairing.

 What if everyone could remember exactly 2 more
words when they listened to a song without lyrics?

e Using Experiment A, there could be a lot of overlap
between the two sets of scores and it would be
difficult to detect a difference, as shown here.

Without Lyrics 5 n o

With Lyrics

SO —|EEEm
[

| |
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Studying with Music

e Variability in people’s memorization abilities may
make it difficult to see differences between the songs
In Experiment A.

* The paired design focuses on the difference in the
number of words memorized, instead of the number
of words memorized.

* By looking at this difference, the variability in
general memorization ability is taken away.



Studying with Music

* |In Experiment B, there would be no variability at all
in our hypothetical example.

 While there is substantial variability in the number of
words memorized between students, there would be
no variability in the difference in the number of
words memorized. All values would be exactly 2.

 Hence we would have extremely strong evidence of a
difference in ability to memorize words between the

two types of music.



Pairing and Random Assignment

Pairing often increases power, and makes it easier to detect
statistical significance.

In our memorizing with or without lyrics example:

* If we see significant improvement in performance, is it
attributable to the type of song?

 What about experience? Could that have made the
difference?

 What is a better design?

— Randomly assign each person to which song they hear
first: with lyrics first, or without.

— This cancels out an “experience” effect



Pairing and Observational Studies

You can often do matched pairs in observational

studies, when you know the potential confounder
ahead of time.

If you are studying whether the portacaval shunt
decreases the risk of heart attack, you could match
each patient getting the shunt with a patient of similar
health not getting the shunt.

If you are studying whether lefthandedness causes
death, and you want to account for age in the
population, you could match each leftie with a rightie
of the same age, and compare their ages at death.



3. Simulation based Approach
for Analyzing Paired Data, and
rounding first base example.



Rounding First Base

Example 7.2



Rounding First Base

* Imagine you’'ve hit a line
drive and are trying to
reach second base.

Narrow

* Does the path that you
take to round first base
make much of a
difference?

— Narrow angle
— Wide angle Wide



Rounding First Base

Woodward (1970) investigated these base running
strategies.

He timed 22 different runners from a spot 35 feet past
home to a spot 15 feet before second.

Each runner used each strategy (paired design), with a
rest in between.

He used random assignment to decide which path each
runner should do first.

This paired design controls for the runner-to-runner
variability.



First Base

What are the observational units in this study?
— The runners (22 total)

What variables are recorded? What are their types and
roles?

— Explanatory variable: base running method: wide or
narrow angle (categorical)

— Response variable: time from home plate to second
base (quantitative)

Is this an observational study or an experiment?
— Randomized experiment.



The results

TABLE 7.1 The running times (seconds) for the first 10 of the 22 subjects

Subject 1 2 3 4 5 6 7 8 9 10

Narrow angle | 5.50 | 5.70 | 5.60 | 5,50 | 5.85 | 5,55 | 540 | 5,50 | 5.15 | 5.80

Wide angle 555 | 5.75 | 550 | 540 | 5.70 | 5,60 | 5.35 | 6.35 | 56.00 | 5.70

®
o o
o o
e o0
Narrow angle ° (] o0 o0 090 0o e e .
o0 )
o0 00 o °
Wide angle L 2 ® _® _e 00 o0 oo ° o | | LI
5.04 5.22 5.40 5.58 5.76 5.94 6.12 6.30
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The Statistics

* There is a lot of overlap in the
distributions and substantial variability.

Narrow 5.534 0.260
Wide 5.459 0.273

e |tis difficult to detect a difference
between the methods when these is so
much variation.



Rounding First Base

 However, these data are clearly paired.

* The paired response variable is time difference
in running between the two methods and we
can use this in analyzing the data.



The Differences in Times

TABLE 7.2 Last row is difference in times for each of the first 10 runners (nharrow —wide)

Subject 1 2 3 4 5 6 7 8 2 10

Narrow angle | 5.50| 5.70| 5.60 | 5.50 | 5.85 | 5.55| 5.40 | 5.50 | 5.15 | 5.80

Wide angle 555 5.75| 5.50 | 5.40 | 5.70 | 5.60| 535 | 6.35 | 5.00 | 5.70

Difference —0.05|-0.05| 0.10 | 0.10 | 0.15 |—-0.05| 0.05 | 0.15 | 0.15 | 0.10

— 0008008

— 0 ee

—0.10 —0.05 0.00 0.05

Differences
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The Differences in Times

* Mean difference is x,=0.075 seconds

* Standard deviation of the differences is SD =
0.0883 sec.
e This standard deviation of 0.0883 is smaller than

the original standard deviations of the running
times, which were 0.260 and 0.273.



Rounding First Base

 Below are the original dotplots with each
observation paired between the base running

strategies.
 What do you notice?

Narrow angle
Mean = 5.534

SD = 0.26()

Wide angle |
Mean = 5.459 |
J-..f.f o SD = 0.273

49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
Outcomes



Rounding First Base

* |s the average difference of x4=0.075 seconds
significantly different from 0?

* The parameter of interest, Y, is the long run
mean difference in running times for runners
using the narrow angled path instead of the

wide angled path. (narrow — wide)



Rounding First Base

The hypotheses:
* Hp:py=0
— The long run mean difference in running times is O.
* Hi:ipy#0
— The long run mean difference in running times is not O.

* The statistic X, =0.075 is above zero.

 How likely is it to see an average difference in running times
this big or bigger by chance alone, even if the base running
strategy has no genuine effect on the times?



Rounding First Base

How can we use simulation-based methods to find an
approximate p-value?

* The null hypothesis says the running path does not matter.

 So we can use our same data set and, for each runner,
randomly decide which time goes with the narrow path
and which time goes with the wide path and then

compute the difference. (Notice we do not break our
pairs.)

 After we do this for each runner, we then compute a
mean difference.

 We will then repeat this process many times to develop a
null distribution.



Random Swapping

Subject | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9o | 10 | |

narrow

_ 550 570 560 550 585 555 540 550 515  5.80
angle

WCEELY coc 55 55o 540 570 560 535 535 500 570
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