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STATISTICS VS PARAMETERS

Statistics Parameters

= Sample Mean: x = Population Mean: u

= Sample Standard Deviation: s = Population Standard Deviation: o
= Sample Proportion: p = Population Proportion: p

= Based on observed data = Typically unknown




SAMPLING DISTRIBUTIONS

“Distribution of all possible sample means that would result from drawing repeated
random samples of a certain size from the population.”

= The mean of the sampling distribution of the sample means is also the population
mean.

= The Standard Deviation of the sampling distribution is the Standard Error.

= Standard Error is % (which tells us the standard error is smaller for larger samples)

= Note: As sample size is increased, the spread of the sample means decreases.




EXAMPLE: BABY WEIGHT ...

el [ Between | [ 68-95-99.7 ticks

Some sources report that the weights of full-term
newborn babies in a certain town have a mean of
8 pounds and a standard deviation of 0.6 pounds

and are Normally distributed.
Press Enter or Compute to update.

= What is the probability that one newborn baby
will have a weight within 0.6 pounds of the mean
— that is, between 7.4 and 8.6 pounds, or within
one standard deviation of the mean?

StatCrunch — Stat — Calculators — Normal
Fill in Mean, Standard Deviation, and weights

Mean: |8 Std. Dev.: (0.6




EXAMPLE: BABY WEIGHT ==mic) rosssommis

0.6¢

Some sources report that the weights of full-term
newborn babies in a certain town have a mean of
8 pounds and a standard deviation of 0.6 pounds 04}
and are Normally distributed.

0.5¢

03¢

= What is the probability that one newborn baby
will have a weight within 0.6 pounds of the mean
— that is, between 7.4 and 8.6 pounds, or within o1l
one standard deviation of the mean?

[

21

7 ; ;

StatCrunch — Stat — Calculators — Normal
Iviean. 8 . Lhev.. 0.6
Fill in Mean, Standard Deviation, and weights - st pex: 06 __

p([74  |=x<[86  |)-[0.68268949
The probability is 0.68217

e



EXAMPLE: BABY WEIGHT i s

Some sources report that the weights of full-term

newborn babies in a certain town have a mean of
8 pounds and a standard deviation of 0.6 pounds

and are Normally distributed.

Press Enter or Compute to update.

= What is the probability that the average of four
babies' weights will be within 0.6 pounds of the
mean; will be between 7.4 and 8.6 pounds?

StatCrunch — Stat — Calculators — Normal

Fill in Mean, Standard Error, and weights

Standard Error = — = 0.3 Mean: |8 Std. Dev.: [0.3
\/Z p( |74 =N=|8.6 =




Normal Calculator

EXAMPLE: BABY WEIGHT mmieeees rosssmmias

1.21

Some sources report that the weights of full-term 1
newborn babies in a certain town have a mean of
8 pounds and a standard deviation of 0.6 pounds  08;
and are Normally distributed.

0.61
= What is the probability that the average of four 0al

babies' weights will be within 0.6 pounds of the

mean; will be between 7.4 and 8.6 pounds? 03l
StatCrunch — Stat — Calculators — Normal ol . | .

75 3 8.5
Fill in Mean, Standard Error, ancg g/eig.hts X
Standard Error = — = 0.3 Mean: |8 Std. Dev.: |ﬂ'-3
V4 p([14 <x=<[8.6 ) = [0.95449974

The probability is 0.9545

©



EXAMPLE: BABY WEIGHT

Some sources report that the weights of full-term

newborn babies in a certain town have a mean of
8 pounds and a standard deviation of 0.6 pounds

and are Normally distributed.

= The distribution of means is taller and
narrower than the original distribution.
Therefore, the distribution of means will have
morxe observations located closer to the center
of the distribution.




CENTRAL LIMIT THEOREM

CLT assures us that no matter what the shape of the population distribution, if a
sample is selected so that the following conditions are met, then the distribution of
sample means follows an approximately Normal distribution

= Condition 1l: Random Sample and Independence

= Each observation is collected randomly from the population and observations are
independent of each other.

= Condition 2: Large sample
= The population distribution is normal or the sample size is large. (n = 25)

= Condition 3: Big Population
= The population much be at least 10 times larger than the sample size.




EXAMPLE: CLT

The average income in a certain region in 2013 was $61,000 per person per year.
Suppose the standard deviation is $26,000 and the distribution is right-skewed.
Suppose we take a random sample of 100 residents of the region.

= Is the sample size large enough to use the Central Limit Theorem for means?
Explain.

Yes! It is large enough because the sample size of 100 is greater than 25.




EXAMPLE: CLT

The average income in a certain region in 2013 was $61,000 per person per year.
Suppose the standard deviation is $26,000 and the distribution is right-skewed.
Suppose we take a random sample of 100 residents of the region.

= What are the mean and standard error of the sampling distribution?

The mean of the sampling distribution of the sample mean is also the population
mean, so the mean is $61,000.

Remember that Standard Error is \7% = Zj%) = 2600, so the standard error is $2,600.

@



EXRMPLE. CLT Normal Calculator
"  Sandd [EERER N GEONT

The average income in a certain region in 2013

was $61,000 per person per year. Suppose the
standard deviation is $26,000 and the distribution is
right-skewed. Suppose we take a random sample of
100 residents of the region.

Press Enter or Compute to update.

= What is the probability that the sample mean will
be more than $2,600 away from the population
mean?

First, find the probability that the sample mean will
be $2,600 or less away from the mean — that is,
between $58,400 and $63,600. 3

Mean: (61000 Std. Dev.: [2600
38400 | <y=|63600 )=

e



EXAMPLE: CLT

The average income in a certain region in 2013
was $61,000 per person per year. Suppose the

fix)
0.000151

standard deviation is $26,000 and the distribution is 0.0001;

right-skewed. Suppose we take a random sample of
100 residents of the region.

= What is the probability that the sample mean will y005!

be more than $2,600 away from the population
mean?

MNormal Calculator

et M| Between | | 68-95-99.7 ticks

First, find the probability that the sample mean will
be $2,600 or less away from the mean — that is,
between $58,400 and $63,600.

The probability that the sample mean is less than
$2,600 from the mean is 0.68268949.

55000

60000

X

65000

Mean: (61000 Std. Dev.: [2600
58400 |=x<|63600 }= 068268949

e



a Normal Calculator
. et M| Between | | 68-95-99.7 ticks

fix)
0.000151

The average income in a certain region in 2013

was $61,000 per person per year. Suppose the
standard deviation is $26,000 and the distribution is
right-skewed. Suppose we take a random sample of
100 residents of the region.

0.0001+

» What is the probability that the sample meanwill "]

be more than $2,600 away from the population
mean?

Then use the compliment to find the probability 55000 60000 65000
outside this range. x
Mean: 61000 Std. Dev.: |2600

1 -0.68268949=0.31731051
p( [58400 |<x<[63600 |)-[0.68268949

The probability that the sample mean is more
than $2,600 away from the mean is 0.3173 @




CONFIDENCE INTERVALS

= Confidence Intervals are used to communicate an estimate of the mean and a
measure of uncertainty.

= Confidence level (Percentage) tells us how confident we are that the range contains
the population mean.

StatCrunch — Stat — T Stats — One Sample




EXAMPLE: INTERPRET CONFIDENCE
INTERVALY

= A random sample of 30 colleges was taken. The mean debt after graduation
was $18,212 with a margin of error of $1473. The distribution of debt is Normal.

= Choose the correct interpretation of the confidence interval below and fill in the
blanks.

= We are 95% confident that the sample mean is between $ and $ :
= We are 95% confident that the population mean is between $ and $ :
= We are 95% confident that the boundaries for the interval are $ and $ :




EXAMPLE: INTERPRET CONFIDENCE
INTERVALY

= A random sample of 30 colleges was taken. The mean debt after graduation
was $18,212 with a margin of error of $1473. The distribution of debt is Normal.

= Choose the correct interpretation of the confidence interval below and fill in the
blanks.

= We are 95% confident that the sample mean is between $ and $ :

= We are 95% confident that the population mean is between $16,739 and $19,685.
= We are 95% confident that the boundaries for the interval are $ and $ ;

@



EXAMPLE: CONFIDENCE INTERVALS

In finding a confidence interval for a random sample of 35 students' GPAs, one
interval was (2.60,3.20) and the other was (2.65, 3.15).

= 2. One of them is a 95% interval and one is a 90% interval. Which is which, and
how do you know?

= The interval (2.60, 3.25) is the 95% interval and (2.65, 3.15) is the 90%
interval - a higher level of confidence results in a wider confidence
interval.




EXAMPLE: CONFIDENCE INTERVALS

In finding a confidence interval for a random sample of 35 students' GPAs, one
interval was (2.60,3.20) and the other was (2.65, 3.15).

= b. If we used a larger sample size n=140 instead of n=35, would the 95% interval be
wider or narrower than the one reported here?

= The 95% interval with n=140 will be narrower than the interval with n=35
because a larger sample size provides a smaller standard error, and this
means a smaller margin of error at the same level of confidence.




HYPOTHESIS TESTING

= Step 1: Hypothesize
= State your hypothesis about the population parameter

= Step 2: Prepare

= Choose a significance level and test statistic, check
conditions and assumptions

= Step 3: Compare and Compute
= Compute a test statistic and p-value

= Step 4: Interpret

= Do you reject the null hypothesis or not? What does this
mean?

StatCrunch — Stat — T Stats — One Sample

Important Formulas:

X — Ho

t =
SEest

S
SEcst = \/_ﬁ

df =n—1




REJECTING THE NULL

= If p < a then we reject the null hypothesis




EXAMPLE: HYPOTHESIS TESTING

The mean weight of all 20-year-old women in a
certain region is 133 pounds. A random sample of
40 vegetarian women in the region who are 20
years old showed a sample mean of 129 pounds
with a standard deviation of 14 pounds. The
women's measurements were independent of each
other.

= Determine whether the mean weight for 20-year
old vegetarian women in the region is
significantly less than 133, using a significance
level of 0.05.

= Step 1: State the null and alternate hypothesis.

Hy:p = 133
H, p<133

o




EXAMPLE: HYPOTHESIS TESTING

The mean weight of all 20-year-old women in a One Sample T Summary
certain region is 133 pounds. A random sample of
40 vegetarian women in the region who are 20 Sample mean: 129

years old showed a sample mean of 129 pounds
with a standard deviation of 14 pounds. The
women's measurements were independent of each Sample size: 40
other.

Sample std. dev.: (14

Perform:

= Determine whether the mean weight for 20-year |
(® Hypothesis test for p

old vegetarian women in the region is
significantly less than 133, using a significance Hpop = [133
level of 0.05. Hanl< «| 133

= Step 2: Find the test statistic and the p-value.

Confidence mterval for p

0.95
StatCrunch — Stat — T Stats — One Sample — With Summary




EXAMPLE: HYPOTHESIS TESTING

The mean weight of all 20-year-old women in a

certain region is 133 pounds. A random sample of

40 vegetarian women in the region who are 20

years old showed a sample mean of 129 pounds

with a standard deviation of 14 pounds. The o o o
\ ) ne sample T summary hypothesis test:

women's measurements were independent of each | - nean of poputation

other. Hy:p=133
Ha -p=133

= Determine whether the mean weight for 20-year
old vegetarian women in the region is

significantly less than 133, using a significance
level of 0.05. L 120 22135044 130 18070158 0.0302

Hypothesis test results:
Mean Sample Mean 5Std. Er. DF T-5tat  P-value

= Step 2: Find the test statistic and the p-value.

StatCrunch — Stat — T Stats — One Sample — With Summary

t=-1.807, p=0.039 @




EXAMPLE: HYPOTHESIS TESTING

The mean weight of all 20-year-old women in a
certain region is 133 pounds. A random sample of
40 vegetarian women in the region who are 20
years old showed a sample mean of 129 pounds
with a standard deviation of 14 pounds. The
women's measurements were independent of each
other.

= Determine whether the mean weight for 20-year
old vegetarian women in the region is
significantly less than 133, using a significance
level of 0.05.

= Step 3: Reject or do not reject the null, H,.

0.039 < 0.05 so we reject H,,.
There is reason to believe that the population mean is
less than 133 pounds at a significance level of 0.05.

L




EXAMPLE: HYPOTHESIS TESTING

Thirty GPAs from a randomly selected sample of statistics
students at a college are linked below. Assume that the
population distribution is approximately Normal. The
technician in charge of records claimed that the
population mean GPA for the whole college is 2.82

= What is the sample mean? Is it higher or lower than the
population mean of 2.827

Student GPA Table

2.893.343.172.553.442.78
3.083.582.643.972.872.64
3.583.072.713.422.493.14
3.483.153.133.063.132.96
3.493.522.693.123.213.02




EXAMPLE: HYPOTHESIS TESTING

Thirty GPAs from a randomly selected sample of statistics
students at a college are linked below. Assume that the
population distribution is approximately Normal. The
technician in charge of records claimed that the
population mean GPA for the whole college is 2.82

= What is the sample mean? Is it higher or lower than the
population mean of 2.827

StatCrunch — Stat — Summary Stats — Columns - Mean

The sample mean is 3.11

Student GPA Table

2.893.343.172.553.442.78
3.083.582.643.972.872.64
3.583.072.713.422.493.14
3.483.153.133.063.132.96
3.493.522.693.123.213.02




EXAMPLE: HYPOTHESIS TESTING

Thirty GPAs from a randomly selected sample of statistics
students at a college are linked below. Assume that the
population distribution is approximately Normal. The
technician in charge of records claimed that the
population mean GPA for the whole college is 2.82

= The chair of the mathematics department claims that
statistics students typically have higher GPAs than the
typical college student. Use the four-step procedure
and the data provided to test this claim. Use a
significance level of 0.05.

Student GPA Table

2.893.343.172.553.442.78
3.083.582.643.972.872.64
3.583.072.713.422.493.14
3.483.153.133.063.132.96
3.493.522.693.123.213.02




EXAMPLE: HYPOTHESIS TESTING

Thirty GPAs from a randomly selected sample of statistics
students at a college are linked below. Assume that the
population distribution is approximately Normal. The
technician in charge of records claimed that the
population mean GPA for the whole college is 2.82

= The chair of the mathematics department claims that
statistics students typically have higher GPAs than the
typical college student. Use the four-step procedure
and the data provided to test this claim. Use a
significance level of 0.05.

= Step l: State the null and alternate hypothesis.

Hy:p = 2.82
H, p>?2.82

Student GPA Table

2.893.343.172.553.442.78
3.083.582.643.972.872.64
3.583.072.713.422.493.14
3.483.153.133.063.132.96
3.493.522.693.123.213.02




EXAMPLE: HYPOTHESIS TESTING

Thirty GPAs from a randomly selected sample of statistics 9>t

students at a college are linked below. Assume that the Select column(s):

population distribution is approximately Normal. The
technician in charge of records claimed that the
population mean GPA for the whole college is 2.82

= The chair of the mathematics department claims that Where:

statistics students typically have higher GPAs than the |

typical college student. Use the four-step procedure and

Group by:
the data provided to test this claim. Use a significance [—-optional - v]
level of 0.05. Perform:
= Step 2: Find the test statistic and the p-value. @ Hypothesis test for
Hyp -
StatCrunch — Stat — T Stats — One Sample — With Data Hyu[= ] 282

Confidence interval for p
0.95




EXAMPLE: HYPOTHESIS TESTING

Thirty GPAs from a randomly selected sample of statistics

students at a college are linked below. Assume that the Student GPA Table
population distribution is approximately Normal. The
technician in charge of records claimed that the 2.893.343.172.553.442.18
population mean GPA for the whole college is 2.82 3.083.582.643.972.872.64
= The chair of the mathematics department claims that 3.583.072.713.422.493.14
statistics students typically have higher GPAs than the 3.483.153.133.063.132.96
typical college student. Use the four-step procedure and
the data provided to test this claim. Use a significance 3.493.522.693.123.213.02

].eve]. Of 005 One sample T hypothesis test:
. . . i - Mean of variable
= Step 2: Find the test statistic and the p-value. Hp:p=2382
Ha:p=282

StatCrunch — Stat — T Stats — One Sample — With Data

Hypotihesis test resunlts:
Variable Sample Mean Sid.Err DF T-Stat  P-value

varl 3.1106667 0.064615455 29 44084078 <0.0001

e

t =4.498, p =0.000




EXAMPLE: HYPOTHESIS TESTING

Thirty GPAs from a randomly selected sample of statistics
students at a college are linked below. Assume that the
population distribution is approximately Normal. The
technician in charge of records claimed that the
population mean GPA for the whole college is 2.82

= The chair of the mathematics department claims that
statistics students typically have higher GPAs than the
typical college student. Use the four-step procedure
and the data provided to test this claim. Use a
significance level of 0.05.

= Step 3: Reject or do not reject the null, H,.

0.000 < 0.05 so we reject H,.
The mean GPA for statistics students is
significantly higher than 2.82.

Student GPA Table

2.893.343.172.553.442.78
3.083.582.643.972.872.64
3.583.072.713.422.493.14
3.483.153.133.063.132.96
3.493.522.693.123.213.02




Independent

= Two different groups — same variable

StatCrunch — Stat - T Stats — Two Sample

ING POPULATION MEANS

Paired (Dependent)

= Same group - two different variables
= Before and After comparisons

= Matched groups
= Related objects/people

StatCrunch — Stat - T Stats — Paired




Ttem Corporate Store Navy Commiss

a | 19.95 13.93

| 2 3.94 277

3 591 476

- 8.07 6.13

N 5 3.12 2.64

6 4.66 3.92

S o 7 5.17 3.54

g 4.08 315

A statistics student collected data on the prices of the same items at a 9 4.02 3.19
military commissary and a nearby corporate store. The items were = - e
matched for content, manufacturer, and size and were priced separately. 12 6.55 272
13 261 1.67

= Assume that they are a random sample of items, and use a significance . o o
level of 0.05 to test the hypothesis that the military commissary has a 6 455 08
lower mean price. Assume that the population distribution of 17 748 746
differences is approximately Normal. = = o
20 252 242

21 0.75 0.59

22 1.69 1.73

23 0.77 0.54

24 3.34 244

25 1.76 237

26 1.04 0.82

27 2.46 221

28 1.46 149

29 2.58 1.29

30 1.27 1.13

31 0.68 0.61

i2 1.56 1.36



Ttem Corporate Store Navy Commiss

a | 19.95 13.93

' 2 3.94 2.77

3 5.91 4.76

4 8.07 6.13

k 5 3.12 2.64

B 6 4.66 3.92

o | it e 7 5.17 3.54

g 4.08 315

A statistics student collected data on the prices of the same items at a 9 4.02 3.19
military commissary and a nearby corporate store. The items were - T oe
matched for content, manufacturer, and size and were priced separately. 12 6.55 272
13 261 1.67

= Assume that they are a random sample of items, and use a significance 14 6.09 511
. oq . . 15 272 546

level of 0.05 to test the hypothesis that the military commissary has a 16 455 3.98
lower mean price. Assume that the population distribution of 17 748 46
differences is approximately Normal. . von o

= Step 1:State the null and alternate hypothesis. 'f 5; 049

52 1:69 1:}'3

23 0.77 0.54

24 3.34 244

. ) — 25 1.76 237

HO - ”dlfference 0 26 1.04 0.82

H,: Maifference > 0 g L6 L9

29 2.58 1.29

30 1.27 1.13

31 0.68 0.61

i2 1.56 1.36



Ttem Corporate Store Navy Commiss

EXANMPLE: HYPOTHESIS TESTING _——
2 3.94 2.7
3 5.91 4.76
- 8.07 6.13
2 SAMPLES PAIREL
& 6 4.66 in
i - 7 517 3.54
g 4.08 3.15
A statistics student collected data on the prices of the same items at 0 4.02 3.19
a military commissary and a nearby corporate store. The items Pairod T B - o
were matched for content, manufacturer, and size and were priced Sample 1 i
Sep a.ra.te].Y. | Corporate .S'mre v |
= Assume that they are a random sample of items, and use a EI?:eénifrimiSSM' v]
significance level of 0.05 to test the hypothesis that the military Chere '
commissary has a lower mean price. Assume that the population =
distribution of differences is approximately Normal. Group by:
= Step 2: Find the test statistic and the p-value. [—optional - v
StatCrunch - Stat - T.S'tats - Pail’ed Smgliﬁ'erences
Perform:
(® Hypothesis test for up=py - po
Ha: up 0

Confidence mterval for pn= g - 12

0.95



Ttem Corporate Store Navy Commiss

a 1 1905 1893
2 3.94 277
3 5.01 4.76
- 8.07 6.13
1, 5 3.12 2.64
6 4.66 302
S 7 5.17 3.54
8 408 313
A statistics student collected data on the prices of the same items at 9 4.02 3.19
a military commissary and a nearby corporate store. The items = >0 =
were matched for content, manufacturer, and size and were priced 12 6.55 272
13 2.61 1.67
separately. 14 6.09 5.11
. 15 272 3.46
= Assume that they are a random sample of items, and use a y 455 s o8
significance level of 0.05 to test the hypothesis that the military 17 7.48 746
commissary has a lower mean price. Assume that the population = o o
distribution of differences is approximately Normal. 20 252 242
. . g 21 0.73 0.59
= Step 2: Find the test statistic and the p-value. > oo o
StatCrunch — Stat — T Stats — Paired Paired T hypothesis test:
up = g - w7 - Mean of the difference between Corporate Store and Navy Commissary
Hyp:up=10
Hpy up=0
t=3.127 p =0.002 Hypothesis test results:
: , :
Difference Mean Std.Errr DF T-5tat  P-value

Corporate Store - Navy Commussary  0.5525 0.17666603 31 3.1273697 0.0019



Ttem Corporate Store Navy Commiss

a | 19.95 13.93

' 2 3.04 277

3 5.91 476

4 8.07 6.13

k 5 3.12 2.64

i1 B J 6 4.66 3.92

o | it e 7 5.17 3.54

g 4.08 315

A statistics student collected data on the prices of the same items at a 0 4.02 3.19
military commissary and a nearby corporate store. The items were = - e
matched for content, manufacturer, and size and were priced separately. 12 6.55 272
13 261 1.67

= Assume that they are a random sample of items, and use a significance 14 6.09 11
. oy e . 15 272 546

level of 0.05 to test the hypothesis that the military commissary has a T 455 3.08
lower mean price. Assume that the population distribution of 17 748 746
differences is approximately Normal. 13 é;g é;;

= Step 3:Reject or do not reject the null, H,. 'f ; 049

52 1:69 1:?3

23 0.77 0.54

24 3.34 244

0.002 < 0.05 so we reject H,. > o =

There is sufficient evidence to conclude that the 27 246 221

military commissary has a lower means price. = e e

30 1.27 1.13

31 0.68 0.61

i2 1.56 1.36



EXAMPLE: HYPOTHESIS TESTING
2 SAMPLES INDEPENDENT

A random sample of male college baseball players and a random sample of
male college soccer players were obtained independently and weighed. The
accompanying table shows the unstacked weights (in pounds). The
distributions of both data sets suggest that the population distributions are
roughly Normal.

= Determine whether the difference in means is significant, using a
significance level of 0.05.

Baseball
188
202
185
184
196
209
189
176
208
226
233
108
171
190
212
201
179
181
195
199
193
184
197
188
185

Soccer

163
188
185
188
182
192
171
180
171
182
166
192
187
157
171
171
159
152
173
180
185
174
103
155

161



EXAMPLE: HYPOTHESIS TESTING
2 SAMPLES INDEPENDENT

A random sample of male college baseball players and a random sample of
male college soccer players were obtained independently and weighed. The
accompanying table shows the unstacked weights (in pounds). The
distributions of both data sets suggest that the population distributions are
roughly Normal.

= Determine whether the difference in means is significant, using a
significance level of 0.05.

= Step 1:State the null and alternate hypothesis.

Hy: Upaseball — Usoccer = 0
H;: Upaseball — Bsoccer = 0

Baseball
188
202
185
184
196
209
189
176
208
226
233
108
171
190
212
201
179
181
195
199
193
184
197
188
185

Soccer

163
188
185
188
182
192
171
180
171
182
166
192
187
157
171
171
159
152
173
180
185
174
103
155
161



Baseball Soccer

188 163
EXAMPLE: HYPOTHESIS TESTING R
a 185 185
184 188
106 182
o SAMPLES INDEPENDENT e
Sample 1:
A random sample of male college baseball players and a = S
random sample of male college soccer players were Where:
obtained independently and weighed. The accompanying |
table shows the unstacked weights (in pounds). The Sample 2:
distributions of both data sets suggest that the population Values in:
. . . | Soccer v
distributions are roughly Normal. Where

= Determine whether the difference in means is |
significant, using a significance level of 0.05. Calculation options:

. L. Pool variances (NOTE: the default was recently changed to "off™)
= Step 2: Find the test statistic and the p-value.

StatCrunch — Stat — T Stats — Two Sample — With Data

Perform:
® Hypothesis test for ) - py

Ham-m(# v|0
Confidence interval for pg - 2

0.95

e



Baseball Soccer

EXAMPLE: HYPOTHESIS TESTING

2 SAMPLES INDEPENDENT

A random sample of male college baseball players and a random sample of
male college soccer players were obtained independently and weighed. The
accompanying table shows the unstacked weights (in pounds). The
distributions of both data sets suggest that the population distributions are

roughly Normal.

= Determine whether the difference in means is significant, using a

significance level of 0.05.

= Step 2: Find the test statistic and the p-value.
StatCrunch — Stat — T Stats — Two Sample — With Data

t =5.100,

p =0.000

Two sample T hypothesis test:
11 - hMean of Baseball

12 - hMean of Soccer

11 - Ko - Difference between two means
Hytpp-mp=0

Ha:pp-pp#0

(without pooled variances)

Hypothesis test results:
Difference Sample Diff. Sid. Err. DF

Wi - 1 19.64 3.8508008 46.781493

163
188
185
188
182
192
171
180
171
182
166
192
187
157
171
17

T-5tat  P-value
5.1002379  =0.0001

¢
[



EXAMPLE: HYPOTHESIS TESTING
2 SAMPLES INDEPENDENT

A random sample of male college baseball players and a random sample of
male college soccer players were obtained independently and weighed. The
accompanying table shows the unstacked weights (in pounds). The
distributions of both data sets suggest that the population distributions are
roughly Normal.

= Determine whether the difference in means is significant, using a
significance level of 0.05.

= Step 3: Reject or do not reject the null, H,.

0.000 < 0.05 so we reject H,.
There is sufficient evidence to conclude that
the difference in mean weights is significant.

Baseball
188
202
185
184
196
209
189
176
208
226
233
108
171
190
212
201
179
181
195
199
193
184
197
188
185

Soccer

163
188
185
188
182
192
171
180
171
182
166
192
187
157
171
171
159
152
173
180
185
174
103
155
161



Basehall Socrer
194 171
204 197

USING CONFIDENCE INTERVALS i

Two Sample T

Sample 1:
A random sample of male college baseball players and a Ef;:b“;l v
random sample of male college soccer players were Where:

obtained independently and weighed. The accompanying |

table shows the unstacked weights (in pounds). The Sample 2:
distributions of both data sets suggest that the population Values in:
distributions are roughly Normal. Soccer -

Where:

» Find a 95% confidence interval for the difference |

between and explain what it shows. Calculation options:

Pool variances (WOTE: the default was recently changed to "off™)

Perform:
Hypothesis test for py - po

StatCrunch — Stat — T Stats — Two Sample — With Data =00

0
® Confidence interval for g -

Level:

e



Basehall Socrer

194 171

204 197

| ; 195 190

USING CONFIDENCE INTERVALS
201 18

200 104

192 178

A random sample of male college baseball players and a random sample of 1?; 12
male college soccer players were obtained independently and weighed. The 229 190
accompanying table shows the unstacked weights (in pounds). The 238 173
distributions of both data sets suggest that the population distributions are 123 f
roughly Normal. 103 166
« Find a 95% confidence interval for the difference between and explain = &

what it shows.

Two sample T confidence interval:
i1 - Mean of Baseball

The 95% interval for the difference in 12 - Mean of Soccer

means is (11.02, 25.54). D e
Because the interval does not contain S ;

0, it shows that the mean weights for
soccer and baseball players are
significantly different.

05% confidence interval results:
Difference Sample Diff. Std. Err. DF L. Limit = U. Limit

1 - 12 18.28 3.6061984 46364001 11.022637 25537363
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