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EXPERIMENTAL DESIGN 8

Which of the following is most useful in establishing cause-and-effect
relationships?

(A) A complete census
(B) A least squares regression line showing high correlation
(C) A simple random sample (SRS)

(D) A well-designed, well-conducted survey incorporating chance to ensure
a representative sample

(E) A controlled experiment

Regression lines show association, not causation, Surveys
suggest relationships, which controlled experiments can
help show to be cause and effect.

Answer: E
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EXPERIMENTAL DESIGN 12

Sampling error occurs
(A) when interviewers make mistakes resulting in bias,

(B) when interviewers use judgment instead of random choice in picking
the sample.

(C) when samples are too small.
(D) because a sample statistic is used to estimate a population parameter.

(E) in all of the abave cases.

Different samples give different statistics, all
of which are estimates for the same
population parameter, and so error, called
sampling error, is naturally present.

Answer: D

fjcleY)(Q K
Qh/:g- C%?\J(QY Va\i /U\

Hypethes v
orhes)s
o .

CE’O CO(\\L%C\&%%VO\\S H\j ﬂ"@SQS p ,P ’O\
ot ToRES 40 ) 0

gL Day ! W Bay 3




February 04, 2020

MO GROUPS ot
< L\é'\@*\*%3 MOY \MJLH% C\l%) (l\l:)ﬂ‘@g/q
K 9 R &
\/K /‘QAX N
Mg = S Mg =551
S D On ~ Sl in
o ‘A ‘0 faX 0\é
lb Y%‘(?(?S &\{)Oys

Suppese We {ake
mdQPan\Q(ﬁ SRS s

of [') SMS and O by s
Hhete N\S\ﬂ S

ond heasure




February 04, 2020

bw W%O\T Can Wa SAavy
Qﬁookﬁ fhe I ference in

SGW\P\Q mooans ><Gh ><B

The Sampling Distribution of X; — X,

The sampling distribution of x; — X,is Normal if both
population distributions are Normal. It is approximately S ‘OC{PQ
Normal if both sample sizes are large (n, 2 30 and n, 2 30)

or if one population is Normally distributed and the other
sample size is large.
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The Sampling Distribution of X; — X,

¢ The sampling distribution of X; — X,is Normal if both population
distributions are Normal. It is approximately Normal if both sample
sizes are large (n; 2 30 and n, 2 30) or if one population is Normally
distributed and the other sample size is large.

« The mean of the sampling distribution of
_x]_ - Ezis <\QVHL€\(“
Hzi-x, = H1 — U2

The Sampling Distribution of X; — X,

¢ The sampling distribution of X; — X,is Normal if both population
distributions are Normal. It is approximately Normal if both sample
sizes are large (n; 2 30 and n, 2 30) or if one population is Normally
distributed and the other sample size is large.
* The mean of the sampling distribution of x; — X;is
Hz -z, = W1 — K2
* The standard deviation of the sampling distribution of x; — X,is
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as long as the 10% condition is met for both samples: n, < 0.10N; and
n, < 0.10N,.
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—> Conditions for Constructing a Confidence Interval
AV About a Difference in Means

Random: The data come from two independent random samples or
from two groups in a randomized experiment.

10%: When sampling without replacement, n; < 0.10N; and n, < 0.10N,.

Large Counts: Normal/Large Sample: For each sample, the corresponding
population distribution (or the true distribution of response to the treatment) is
Normal or the sample size is large (n 2 30). For each sample, if the population
(treatment) distribution has unknown shape

and n < 30, a graph of the sample data shows no strong skewness

or outliers.
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Which cookie has
the most chips?

Is there a difference in the number of chocolate chips in Chips Ahoy cookies versus the number of
chocolate chips in Treasure Chips cookies? Each pair of students will count the number of
chocolate chips in 1 Chips Ahoy cookie and 1 Treasure Chips cookie. Due to the factories
processes, we can assume the population distributions of # of chips are approximately normal
and that the samples are random. -

1. Record the number of chocolate chips in each cookie. Write them on the board.

#in Chips Ahoy= _______ # in Treasure Chips= _______

It doesn't matter how the chips
are counted as long as you're
consistent with both cookies.

Disect if you want.
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2. Find the class totals find the mean number of chocolate chips for each type of cookie, the standard deviation and the

difference. B
oy mlhowsk
Chips Ahoy: X, = Freasurc€hips: X, = Difference: X, —X, =
Sl = sZ =

3. If we repeated this process many times and created a dotplot, we would have the sampling distribution of X, —X,. Describe
the shape, center and variabity of the sampling distribution.

Shape: \ Center: Variability:
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4. With at least one other person in the class, discuss and confirm tthat the conditions for constructing a confidence interval
been met? (don’t have to write details)

5. Constructa 95% confidence interval for the true difference in the mean number of chocolate chips in Chips Ahoy and
rG\Tﬂéﬁl‘é b}ﬁﬁs (you don’t need to write the general or specific formulas in this particular unless you want) but do show the
“work”.

(XN

4. With at least one other person in the class, discuss and confirm tthat the conditions for constructing a confidence interval
been met? (don’t have to write details)

| 5. Constructa 95% confidence interval for the true difference in the mean number of chocolate chips in Chips Ahoy and
r&Tﬂéﬁt‘é t‘h‘iﬁzs (you don’t need to write the general or specific formulas in this particular unless you want) but do show the
“work”.
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Option 1 (technology): Just let technology compute the
df. This will most likely not be a whole number.

Option 2 (conservative): smaller of n, -1 andn, - f
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Option 1 (technology): Just let technology compute the
df. This will most likely not be a whole number.

Option 2 (conservative): smallerof n, -1 andn, - 2

Wl use his
{of how

where #* is the critical value with C% of the area between —* and #* for the
t distribution with degrees of freedom using either

+ Option 1 (let technology calculate the degrees of freedom) or
- (Option 2 (the smaller of n, — 1 and n, — 1)

smaller df would yield larger which is more conservative
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4. With at least one other person in the class, discuss and confirm tthat the conditions for constructing a confidence interval
been met? (don’t have to write details)

5. Constructa 95% confidence interval for the true difference in the mean number of chocolate chips in Chips Ahoy and
Treasure Chips. (you don’t need to write the general or specific formulas in this particular unless you want) but do show the

“work”.
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4. With at least one other person in the class, discuss and confirm tthat the conditions for constructing a confidence interval
been met? (don’t have to write details)

5. Constructa 95% confidence interval for the true difference in the mean number of chocolate chips in Chips Ahoy and
Treasure Chips. (you don’t need to write the general or specific formulas in this particular unless you want) but do show the

“work”.
O pHo no (TQL\G>

|f using Technology for the "DQO" step, you must:
-have already named the procedure in the in the "Plan" step
-Give the interval (3.9632, 17724) for example

-and report the degrees of freedom. i
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4. With at least one other person in the class, discuss and confirm tthat the conditions for constructing a confidence interval
been met? (don’t have to write details)

5. Constructa 95% confidence interval for the true difference in the mean number of chocolate chips in Chips Ahoy and
Treasure Chips. (you don’t need to write the general or specific formulas in this particular unless you want) but do show the
“work”.
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6. Do we have evidence that there is a difference in the average number of chocolate
chips in a Chips Ahoy and aﬁasu/.te cookie?
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statistic + (critical value) - (standard deviation of statistic)

(X, — %,) + (critical value) - (standard deviation of statistic)
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a @ We use 54 and s, to

SE; 5 = [<H+ i

1—%, \] | estimate 0, and ;. We call
this the standard error of

X, — %p.
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Assuming the conditions have been met
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Standard Error* of
rs of Sampling Distribution Sample Statistic

Absolute/Must Haves for Confidence Intervals for a difference of Means

State

e Define both parameters

o State Confidence level

Plan

e |dentify the procedure

e State and check conditions (in experiments, we are not sampling w/o replacement so don't check 10% cond.)
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Do
Calculate the Confidence Interval
1. State sample x's and s,'s
2. Calculate the interval with option 1 or 2 (but not both)

Option 1 - includefor exam})l'e: 2 — SampTInt gives (3.9632,17.724)
Option 2 - include for example: df = 15 t*=126 and

14.262 = 17.502

Cl = (43.24-38.26) + 1.26 20t T e

@ ot o st 1o Show the fnexal Lopee e Sovedla

but the \OHSQW you conyinue. the be Wlex you ) Know

Lo f\’\/Q QQWC) Qk,\zj

Conclude
e Report Confidence level (We are.....)
e Report computed interval

e Give interpretation in context <— like Yol
nor mally $O
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Now Put it all together

Pulse Rates

Pulse Rates:

Mr. Cedarlund’s class performed an experiment to investigate whether drinking a caffeinated beverage would
increase pulse rates. Twenty students in the class volunteered to take part in the experiment. All of the students
measured their initial pulse rates (in beats per minute). Then Mr. Wilcox randomly assigned the students into
two groups of 10. Each student in the first group drank 12 ounces of cola with caffeine. Each student in the
second group drank 12 ounces of caffeine-free cola. All students then measured their pulse rates again. The
table displays the change in pulse rate for the students in both groups.

Change in pulse rate Mean
(Final pulse rate — Initial pulse rate) change

Caffeine 8 3 5 i 4 0 6 1 4 0 32
No caffeine 3 -2 4 -1 5 5 1 2 1 4 20

Construct and interpret a 95% confidence interval for the difference in true mean change in pulse rate for
subjects like these who drink caffeine versus who drink no caffeine.
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Pulse Rates:

Mr. Cedarlund's class performed an experiment to investigate whether drinking a caffeinated beverage would
increase pulse rates. Twenty students in the class volunteered to take part in the experiment. All of the students
measured their initial pulse rates (in beats per minute). Then Mr. Cedariund randomly assigned the students into two
groups of 10. Each student in the first group drank 12 ounces of cola with caffeine. Each student in the second group
drank 12 ounces of caffeine-free cola. All students then measured their pulse rates again. The table displays the
change in pulse rate for the students in both groups.

Chnoeinpuhc;m_ Mean
. (Finlwlncata-lniﬁalgulw rate) N change A
Caffeine 8 3 5 1 4 0 6 1 4 0 32 &=1770
Nocaffsine 3 -2 4 —1 5 5 1 2 {4 4 20 Sg=12.67

Construct and interpret a 95% confidence interval for the difference in true mean change in pulse rate for
subjects like these who drink caffeine versus who drink no caffeine.
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1 02 ..... =54+, 42, 45, 49
study pp. 645 - 654

don't forget that the take home LCQ
10.1 is due tomorrow at the beginning
of class.




