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Sorting Distributions into Shapes

(5 - 10 minutes) On the next five pages are histograms that represent the distributions for different types
of measurements. Your task is to look at the shape of each histogram and then sort the graphs into piles so
that the graphs in each pile have a similar shape.

1.
2.
3.
4.

Get into a group of 3 or 4 people.
Tear out the next five pages of graphs from one of your Course Manuals.
Cut apart the graphs so there is one graph on each sheet of paper.

Work with each other in the group to create piles of graphs that have the same shape.

(5 - 10 minutes) Once you are satisfied, as a group, with the placement of the graphs into piles, do the
following for each pile of graphs.

1.
2.

Select one graph from each pile that you think is the most typical example of graphs in a pile.

Decide on a word or phrase that can be used to label each pile. The name should capture some
feature that is typical of all the graphs in a pile.

Write a short description of two or three characteristics that define the graphs in each pile. See if you
can come up with characteristics that help you distinguish the graphs in one pile from another pile.

Once each group has finished with their descriptions, we will see what each group has come up with
compare similarities and differences.

The following URL provides a page that can be used to provide feedback to students and facilitate
discussion:

http://ore.gen.umn.edu/faculty_staff/delmas/gc_1454_course/distribution_files/distribution.html
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What Makes the Standard Deviation Larger or Smaller?

There are three graphs on this page. After you complete this page, you will receive another page with
three graphs. You are given the mean (n) for each graph. For each pair of graphs:

a. Use the FACTORS SHEET to identify the characteristics of the graphs that might make the
standard deviation larger or smaller.

b. On this sheet and on the FACTORS SHEET, indicate whether one of the graphs has a LARGER
standard deviation than the other or if the two graphs have the SAME standard deviation.

c. Check your answers with the answer key at the course homepage after you complete the page:

http://ore.gen.umn.edu/faculty_staff/delmas/gc_1454_course/variability_test/var_answers.html

L A W=2.57 B h=3.33 A has a larger standard

deviation than B

B has a larger standard
deviation than A

Both graphs have the
same standard deviation

A has a larger standard
deviation than B

B has a larger standard
deviation than A
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— b2 e LR R

Both graphs have the
same standard deviation

o123 4 36 o012 3 4 36
SCORE SCORE

w=2.50 B u = 2.56 A has a larger standard

deviation than B

B has a larger standard
deviation than A

Both graphs have the
same standard deviation




What Makes the Standard Deviation Larger or Smaller?

There are three graphs on this page. After you complete this page, you will receive another page with
three graphs. You are given the mean (n) for each graph. For each pair of graphs:

Use the FACTORS SHEET to identify the characteristics of the graphs that might make the
standard deviation larger or smaller.

On this sheet and on the FACTORS SHEET, indicate whether one of the graphs has a LARGER
standard deviation than the other or if the two graphs have the SAME standard deviation.

a.

Check your answers with the answer key at the course homepage after you complete the page:

http://ore.gen.umn.edu/faculty_staff/delmas/gc_1454_course/variability_test/var_answers.html

A

al = Lh O
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—_ L2

u=2.50

B n=2.50

FEEQUENCY

A has a larger standard
deviation than B

B has a larger standard
deviation than A

Both graphs have the
same standard deviation
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same standard deviation




What Makes the Standard Deviation Larger or Smaller?

This is your last sheet of graphs. For each pair of graphs:

a.

Use the FACTORS SHEET to identify the characteristics of the graphs that might make the
standard deviation larger or smaller.

On this sheet and on the FACTORS SHEET, indicate whether one of the graphs has a LARGER
standard deviation than the other or if the two graphs have the SAME standard deviation.

Check your answers with the answer key at the course homepage after you complete the page:

http://ore.gen.umn.edu/faculty_staff/delmas/gc_1454_course/variability_test/var_answers.html

Given what you have learned so far, see if you can make three correct predictions.

7.

A =8.33 B = 3.67
6 — " _ 59 = W A has a larger standard
5 5] B E s deviation than B
E 7 E 7 B has a larger standard
= 37 24 37 deviation than A
= 1 T
. 23
14 1- Both graphs have the
1 —T— same standard deviation
0146 g 1002 014 6 & 1012
SCOFE ICOEE
A =5.33 B =5.48
55— _ ¥ 55— _H A has a larger standard
o by deviation than B
i 37 B B i 37 B
E 4: E 4: B has a larger standard
3 3 deviation than A
27 27
17 17 Both graphs have the
. i — - T same standard deviation
024 6 8 1012 024 6 8 1012
SCORE SCORE
A = 5.86 B =3.38
& — il 5— _ M A has a larger standard
deviation than B
551 mll w8551 min
E 4] E 47 B has a larger standard
37 37 | deviation than A
B -
1 |7 —| 1 —| Both graphs have the
| | | I same standard deviation
024 6 85 101 02 4 6 8§ 1012
SCORE SCORE




FACTORS SHEET

NAME:

PROBLEM

1 2

3 4

6 7

8

9

RANGE: Which distribution has the wider
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i 9
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-11 -

SAME g§SAME

A BRA B
SAME g§SAME

SAME gSAME

SAME

SAME

A B

SAME gSAME

A B
SAME

A B
SAME




Answers to the items for What Makes the Standard Deviation Larger or
Smaller:

ITEM sd of Graph A sd of Graph B Correct Decision

1 o =1.365 o=1.491 B is larger
2 o=.471 o=.471 SAME

3 o =1.708 o=1.012 A is larger
4 o=1.708 o =2.50 B is larger
5 o = 1.803 o=1.708 A is larger
6 o =1.280 o =1.686 B is larger
7 o=1.743 o=1.743 SAME

8 o=1.743 o=1.332 A is larger
9 o =3.126 o0 =2.075 A is larger
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ANSWERS TO PROBLEMS 1, 2, AND 3

A pn=257 0=1.365

B w=333 0=1491

A has a larger standard
deviation than B

B has a larger standard
deviation than A

Both graphs have the
same standard deviation

A u= 33 o=471

B u=433 o0=.471

A has a larger standard
deviation than B

B has a larger standard
deviation than A

Both graphs have the
same standard deviatio

]

A n=250 o=1708

B pn=256 O=1012

A has a larger standard
deviation than B

B has a larger standard
deviation than A

Both graphs have the
same standard deviation
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ANSWERS TO PROBLEMS 4, 5, AND 6

FEEQUENCY

—_ L2
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]
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same standard deviation
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ANSWERS TO PROBLEMS 7,8, AND 9
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SAMPLING DISTRIBUTIONS ACTIVITY
Part 1

The Situation: Joe, Talia, Cally, Desmond, and Nick are five clerks who work in the small claims office
for the government of a large metropolitan city. Their supervisor periodically checks up on them to see
how long it takes each of them to process claims. In order to deal with the large volume of small claims
that come through the office each day, each clerk must take 6 minutes or less to process a claim, on the
average. It would be too time consuming, if not impossible, for the supervisor to monitor every transaction
performed by each clerk. The supervisor needs to decide on the best way to make a reliable estimate of the
time it takes each clerk to process claims. In general, she has one of three options:

Small Sample: Pick a small random sample (somewhere between 2 and 4 claims).
Medium Sample: Pick a medium random sample (somewhere between 8 and 12 claims).

Large Sample:  Pick a large random sample (somewhere between 15 and 20 claims).

The supervisor would choose only one sample. For any sample she chooses, she would calculate the
average time it took the employee to process the claims in the sample. If a clerk takes longer than 6
minutes, on the average, to process small claims, the clerk may be moved to a less demanding position, or
possibly fired. The supervisor does not want to make an incorrect decision and dismiss a clerk who is
actually performing their job well. Your task is to find the method that will help the supervisor make the
best decision.

Prediction: Which monitoring method should the supervisor choose?

Small Sample Medium Sample Large Sample Doesn’t Matter

Your instructor will now lead you through several tasks that look at what might happen if the supervisor
used each of the three methods with different employees. This activity uses a piece of software called
Sampling SIM. To download a free copy of Sampling SIM, go to the following URL.:
http://www.gen.umn.edu/research/stat_tools/

Then click the SOFTWARE button on the left side of the web page.

First Employee: Joe

Joe’s claim processing times follow a Normal Distribution

Second Employee: Talia

Talia’s claim processing times do NOT follow a Normal Distribution

Third Employee: Cally

Cally’s claim processing times have a very Erratic (Irregular) pattern

-16-



Sampling Distributions Activity — Part 1

The questions on the next three pages ask you to summarize what you have learned so far about the
distribution of sample means.

Question 1

Look at the graphs in the first row of the Scrapbook when the sample size was n = 2.
For which populations does most of the class say that the SHAPE of the distribution of
sample means was About the Same or only A Little Different when compared to the
shape of the population?

NORMAL NEGATIVE SKEW IRREGULAR

Question 2

Look at the graphs in the second and third rows of the Scrapbook when the sample
sizes were n =9 and n = 16. Is there a population for which most of the class agrees that
the SHAPE of the distribution of sample means was About the Same or only A Little
Different when compared to the shape of the population?

NORMAL NEGATIVE SKEW IRREGULAR

Question 3

Look again at the graphs in the second and third rows of the Scrapbook when the
sample sizes were n =9 and n = 16. For which populations does most of the class say
the distribution of sample means has a Different or Very Different shape compared to
the shape of the population?

NORMAL NEGATIVE SKEW IRREGULAR

Question 4

How would you describe the shape of those distributions of sample means that have a
shape that is different from the population?

Why does the distribution of sample means have this shape when the sample size is
medium (around n = 9) or larger? In other words, what is it about the process of creating
a distribution of sample means that causes the distribution to have this shape?

Question 5

Now, look at the value you recorded for the Mean of X for each graph. How do most of
these mean values compare to the population mean? Remember that there are three
different populations, so you must compare the value for Mean of X to the mean of the
population at the top of each column of graphs.

Much A Bit About the A Bit Much
Lower Lower Same Higher Higher

Question 6

Why does the distribution of sample means always have a center that is about the same as
the population? Again, what is it about the process of creating a distribution of sample
means that causes this to happen?

-17 -




Sampling Distributions Activity — Part 1

Question 7 Next, consider the values that you recorded for the value of the sd of X for each of the
graphs. In general, what happened to the variability of the distribution of sample means
(what happened to the size of sd of X) as sample size increased from n =2 to
n=9ton=16?
Question 8  Which sample size always produced the LARGEST variability among sample means?
2 9 16
Question 9 ~ Which sample size always produced the SMALLEST variability among sample

means? 2 9 16

Question 10

Why does the variability in the distribution of sample means decrease when the sample
size is increased? What is it about a larger sample size that causes the variability of the
sample means to decrease?

Question 11

Again, look at all the values that you recorded for sd of X for all of the graphs. Was it
ever the case that the sd of X was LARGER than the standard deviation of the population
(the value of 0)? YES NO

Explain why this is true.
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Sampling Distributions Activity — Part 1

Question 12

Let’s go back to the original problem of deciding which monitoring method the
supervisor should use. To make this decision we’ll look one more time at the distribution
of sample means for each sample size. Remember that the supervisor will take only ONE
sample of processing times for each employee. The supervisor wants to make the right
decision: keep employees who have fast processing times, and fire employees who take
too long. The question is which sample size should the supervisor use to make her
decision, small, medium, or large?

A) First, look at the very top of the scrapbook page and locate the population means (w)
for Joe, Talia, and Cally. Based on this information, which employees have an average
processing time that is more than 6 minutes and, therefore, should be fired?

Joe Talia Cally

Which employees have an average processing time that is less than 6 minutes and,
therefore, should NOT be fired?

Joe Talia Cally

Next, let’s look at the chances of the supervisor correctly deciding who should be fired
and who should be retained based on each sample size.

B) Look at the distribution of means for the small samples (n = 2). First, estimate what
percent of the distribution appears to be greater than 6 for each employee. Each of these
percents represents the probability of obtaining a sample mean for a sample of size 2 that
is greater than 6. This is an estimate of the probability that each employee will be
fired if only observed twice (n = 2) by the supervisor.

Joe Talia Cally

C) Look at the distribution of means for the medium sized samples (n = 9). Estimate the
probability that each employee will be fired if observed nine times (n = 9) by the
Ssupervisor.

Joe Talia Cally

D) Look at the distribution of means for the large samples (n = 16). Estimate the
probability that each employee will be fired if observed sixteen times (n = 16) by the
Supervisor.

Joe Talia Cally

E) Which sample size gives the GREATEST chance of CORRECTLY firing the
employee(s) whose mean processing time is MORE than 6? 2 9 16

F) Which sample size gives the LOWEST chance of INCORRECTLY firing the
employee(s) whose mean processing time is LESS than 6? 2 9 16

Given the supervisor’s goal to make correct decisions about firing and retaining the
employees, as well as the practical considerations in terms of time to observe the
employees, what do you think is the best advice to give the supervisor? Write a memo to
the supervisor that recommends the best sample size to use and state why this is the best
sample size. Remember that the supervisor has not participated in this activity and may
not have an understanding of statistics.
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Sampling Distributions Activity
Part 2

The purpose of Part 2 is to test your understanding of how sampling distributions behave and to learn
additional details about sampling distributions. First, let’s see if you can used what you have learned about
distributions of sampling means.

You will consider three populations. One of the populations is Joe’s Normal Distribution with which
you’re already familiar. The other two populations are for the other two employees, Desmond and Nick.
Desmond has a population that can be described as trimodal, and Nick’s population has an irregular shape
with four modes.

Imagine that the supervisor decides to draw a sample of size n = 30 to get an accurate appraisal of each
employee’s claim processing times.

A Return to Case 1: Joe’s Normal Distribution

1. Turn to page 2 of the Sampling Distributions Scrapbook. At the top of the first column you will see a
picture of Joe’s Normal Distribution. Look at the second sheet of graph labels. The first column
contains possible distribution of sample means from 500 samples, each of size n = 30..

From the first column, locate the graph that you think represents a distribution of means for 500
samples, each of size n = 30. Go to the page 2 of the Sampling Distribution Scrapbook and CIRCLE
the letter (A, B, C, D, or E) after the words Guess 10: in the box for Distribution of Sample Means
n = 30.

Case 4: Desmond’s Trimodal Distribution

2. On page 2 of the Sampling Distributions Scrapbook you will see a picture of Desmond’s trimodal
population at the top of the second column. Look at the second sheet of graph labels. The second
column contains possible distributions for 500 sample means from samples of size n = 30 taken from
Desmond’s population.

From the second column, locate the graph that you think represents a distribution of means for 500
samples, each of size n = 30. Go to the page 2 of the Sampling Distribution Scrapbook and CIRCLE
the letter (A, B, C, D, or E) after the words Guess 11: in the box for Distribution of Sample Means
n = 30.

Case 5: Nick’s Four-Mode Distribution

3. For your third guess, look at the top of the third column of the Sampling Distributions Scrapbook that
presents Nick’s irregular, four-mode population.

From the third column of the second sheet of graph labels, locate the graph that you think represents a
distribution of means for 500 samples, each of size n = 30. Go to the page 2 of the Sampling
Distribution Scrapbook and CIRCLE the letter (A, B, C, D, or E) after the words Guess 12: in the box
for Distribution of Sample Means n = 30.
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Sampling Distributions Activity — Part 2

4. Checking Your Guess for Case 1: Joe’s Normal Distribution with n = 30

5.

6.
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TRIMODAL
U-SHAPED
UNIFORM

|

POPULATION

R B S e R
=500
s = 1.305
M =5.00
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Checking Your Guess for Case 4: Desmond’s Trimodal Distribution with n = 30
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Checking Your Guess for Case 5: Nick’s Four-Mode Distribution with n = 30
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Sampling Distributions Activity — Part 2

The next section introduces some ideas from an important theorem called the Central Limit Theorem.
What are three implications of the Central Limit Theorem?

1.

Recall the 68-95-99.7 rule for a Normal Distribution.

What percent of the values will be between 1 standard deviation below the mean and 1 standard deviation
above the mean?
%

What percent of the values will be between 2 standard deviations below the mean and 2 standard deviations
above the mean?
%

The Central Limit Theorem doesn’t just say that a sampling distribution will LOOK like a Normal
Distribution.

The Central Limit Theorem claims that the sampling distribution will BEHAVE like a Normal Distribution,
given that the size of each sample is large enough (again, n = 30 or larger).

Sampling Distributions from a Normal Distribution: Case 1, Joe’s Normal Distribution

z between Humber Proporton|| ; petween Humber Proportion
-1 and +1 Between Between 22 and +2 Between Between
Actuoal (z) Actual (z)
Humbexr Proportion Humber Proportion
X<6 Below Below X>6 Above Above
g Dist. £ Dist.
Is it likely that Joe will be moved to another position or fired? YES NO
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Sampling Distributions Activity — Part 2

Sampling Distributions from Populations that Are Not Normal Distributions

When the population is a Normal Distribution, we are guaranteed that the sampling distribution will also be
a Normal Distribution, exactly. What happens when the population is not a Normal Distribution? The
Central Limit Theorem states that when the sample size is large enough, the sampling distribution will be
approximated quite well by a Normal Distribution. Statisticians have found that a sample size of 30 or
larger is usually large enough for this statement to be true. Let’s see if this is the case for Nick since his
population is definitely not normal.

Sampling Distribution for Case 6: Nick’s Four-Mode Population

z between

Humber Proportion

z between

Humber Proportion

-1 and +1 Between Hetween 22 and +2 Between Between
Actual (z) Actual {z)
Humbexr Proportion Humber Proporton
X<6 Below Below X>6 Above Above
2 Dist. z Dist.
Is it likely that Nick will be moved to another position or fired? YES NO

Sampling Distribution for Case 2: Talia’s Negatively Skewed Population

z between Humber Propordon|| ; petween Humber Proportion
-1 and +1 Between Hetween 22 and +2 Between Between
Actual (z) Actual {z)
Humbexr Proportion Humber Proporton
X<6 Below Below X>6 Above Above
2 Dist. £ Dist.
Is it likely that Talia will be moved to another position or fired? YES NO

Now, answer the questions on pages 5 and 6 to summarize what you have learned.
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Sampling Distributions Activity — Part 2

Name

1. All five employees had different shapes for their populations of claim-processing times. We never had
you look at the situation where the sample size is n = 1. For any population shape, what do you think
will happen if we draw 500 samples of size n =1? How will the shape, center, and variability of the
distribution of sample means compare to the shape, center, and variability of the population?

2. Consider once again the fact that the five employees all had different shapes for their populations of
claim-processing times. In general, for any population shape, as the sample size increases (gets
larger and larger), how will the sampling distribution of sample means compare to the population
distribution with respect to:

Shape?

Center?

Variability?

3. Joe’s population of claim-processing times formed a normal distribution, with mean (u) of 5 and a
standard deviation o = 1.805. Use the 68-95-99.7% rule to estimate the times that include the middle
68% of Joe’s distribution of times.

24-



Sampling Distributions Activity — Part 2

4. Now, imagine a sampling distribution of all samples size n = 4 from Joe’s population of claim-
processing times. Remember the mean () is still 5, but now the standard deviation is measured by

o o 1.805
O-. = —=,whichis —= = —= . This number is about 0.9. Use this number instead of siema and
Jn oo A s

X

apply the 68-95-99.7% rule to the SAMPLING DISTRIBUTION to estimate the sample mean claim-
processing times (from samples size n = 4) that would include the middle 68% of the distribution of
sample means.

Now, repeat to estimate the middle 95% of the distribution.

If we had taken samples of size 25 instead of size 4, what sample mean claim-processing times would
include the middle 68% of this sampling distribution?

‘What about the middle 95% ?

5. Next we’ll consider Talia’s skewed distribution of claim-processing times and repeat the same
exercise. We now know that if we take large samples from a skewed distribution, the sampling
distribution should look approximately normal. So, although we CAN’T apply the 68-95-99,7% rule
to her POPULATION of claim-processing times, we CAN apply it to a SAMPLING
DISTRIBUTION of sample means if the sample size is large.

Think about a sampling distribution from her population (mean w = 6.81 and standard deviation
0 =2.063). If we were to draw large samples of size n = 50, then what sample mean claim-processing
times would include the middle 68% of her sampling distribution? Remember to first compute the
value of o; = % , then apply the 68-95-99.7% rule to find the middle 68%.

n
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SAMPLING DISTRIBUTIONS ACTIVITY SCRAPBOOK

Case 1: Joe Case 2: Talia Case 3: Cally

Normal Negatively Skewed Irregularly Shaped

Distribution Population Population

u=5.00 u=6.81 u =5.00

o =1.805 T 1z 3 1t ¢ 75510 0 =2.063 T 1z 3 4506 7 8 510 o =3.410 T 1 2 3 456 7 8 o 10

Distribution of Sample Means n = 2 Distribution of Sample Means n = 2 Distribution of Sample Means n = 2
Guess 1 B C D E Guess 4 A B C D E Guess 7 A B C D E

Mean of X = sdof X = Mean of X = sdof X = Mean of X = sdof X =

Distribution of Sample Means n =9 Distribution of Sample Means n =9 Distribution of Sample Means n =9
Guess 2 B C D E Guess S A B C D E Guess 8 A B C D E

Mean of X = sdof X = Mean of X = sd of X = Mean of X = sdof X =

Distribution of Sample Means n = 16 Distribution of Sample Means n = 16 | Distribution of Sample Means n = 16
Guess 3 B C D E Guess 6 A B C D E Guess 9 A B C D E
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