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| UNIT ONE

UNIT 1 - HYPOTHESIS TESTING

This unit introduces you to hypothesis testing. Hypothésis testing is

the topic that makes the use of statistics so intriguing, useful, and

N necessary. In hypothesis testing, the statistician makes a statement
(hypothesis) about an unknown population parameter, and then uses

- statistical methods to determine (test) whether the observed sample

“ data support that statement.

The important notion to understand in this unit is the relationship of

the null hypothesis to the alternative hypothesis (qr hypotheses).

‘Sa
Answer: null hypothesis is Ho :tue=350

alternative hypothesis is B :w ¢ 50

10

-y In all cases the null hypotheses and alternatives are written in terms
of population parameters. You'll get to see several more types of

hypotheses in later units.

I1-1



As you recall, statistics are characteristics of samples and can be used

as of population characteristics.
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11
Let's review:

A statistic can be used to a population
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Ansver: estimates

2a

Since these statistics are only estimates of a '"true" population parameter
based on a sample of observations, it is reasonable to expect that

the value of the estimate will vary from the value of the "true"
populaﬁion pafameter. To decide whether the value of the statistic

is consistent with an hypothesized value for the population parameter

the statistician uses a method called *

(Hint: see title of this unit)

Ansver: estimate parameter (or characteristic)

lla

When such an estimate is made, a(n) is made concern-

ing an assumed population parameter.

I1-3
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Answer : hypothesis testing

First, let's define hypothesis. A hypothesis is a conjectural statement

about one or more parameters. Check which of these would be synonyms
for "hypothesis": .

Assumption &

Claim

xS
o9

Guess

LDRWLLLLULL L

3y
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12a
Answer: hypothesis

4
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This hypothesis must then be to verify its credibility. 13
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4a
Answer: all three

The point is, you don't have to have much
information to form a hypothesis. Any
testable, conjectural statement could

" x Guess be a hypothesis.

x Assumption

L R AV AN W W ™
" .

. _x_ Claim

E

Y
o
7

3

In hypothesis testing, the statistician uses various techuiques to decide
whether to accept or reject hypotheses. 1f, for example, .someone assumed
a population mean was 50, and a sample from that population was selected

that had a mean of 60, he might want to perform a test to see if the

R

population mean of 50 could still be assumed. The statistician would
use a statistical technique to or the

hypothesis that the population mean equals 50.

S e

13a
Ansver: tested

14
The hypothesis being tested is the

1I-5



Sa
Answer: accept

reject

Statisticians have developed ‘their own language to talk about hypothesis
testing. For example, in our situation of a sample mean equal to 60
being used to test a hypothesized population mean of 50, the statistician
would say it a.little differently. Let's put the situation into symbols.
Symbolically, the situation looks like this:

z = 60
- and the hypothesis is: .
¥ = 50 (v is a Greek letter, pronounced "mew")

Which statement refers to the sample?

Which statement refers to the population?

1l4s
Answer: null hypothesis

£
=
I
k¥
P
£
%

3
3

15
Each null hypothesis is accompanied by a(n)

I1I-6
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6a

D
)
D

Answver: z = 60 (Sample)

u = 50 (Population)

The hypothesis being tested in this instance can be written:

: u = 50
/5} : - This hypothesis has become known as the null hypothesis, "null" meaning
f; there is no difference between the hypothesized value (50) and the

true value (u).
The null hypothesis is often written:

(e Ho tu =50

15a
Ansver: alternative hypothesis

16

When a null hypothesis is rejected, an alternative hypothesis is

I1-7



It is the null hypothesis that the statistician wishes to accept or
reject. In rejecting a null hypothesis, such as Bo ¢ u=50, the
statistician is at the same time accepting another hypothesis (in
this case, u ¥ 50). (The symbol ¥ means "does not equal.") This
second hypothesis is often called the alternative hypothesis. The
alternative hypothesis is usually written:

lelufso

N ASRTAWE B

e 'ﬂ\
3

16a %

Angver: accepted ;i
17 ;i

For any null hypothesis, one of several alternative hypotheses could ;%
be chosen. ;é
For example: ;i
if H : u=60 3

° 5

alternatives include: i}
H :u¢60 5

_ R
u>60 (v 1s larger than 60) o

or i

4 <60 (uis smaller than 60) ;é

It is important when testing hypotheses to know both the ?i
&

and the because 2

they will determine which type of statistical test will be used. 3
D

D

N
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In our example, then, we have:
H :u--SO
o .
Hl tu¥ S0

Which is the null hypothesis?

Which is the alternative hypothesis?

Go to:
Frame 9a
Page 11-1

R
S
cd

. 17a
- Answver: null hypothesis

alternative hypothesis

18
The concept of hypothesis testing is basic to the realm of statistics,

for it is through the acceptance or rejection of the null hypothesis that
the statistician can infer certain ptoperties about the population from

7; which a sample is taken. The null hypothesis is an assumption made about

: & population. It is the statistician's job to determine if that assumption
should be retained, based on a statistic computed for a sample of that

population. The remainder of this module is devoted to explaining:

1. How to determine what the null hypothesis is.

2. How to test the null hypothesis.

3. How to determine the probability of rejecting a true hypothesis
and accepting a false hypothesis.

Go to Unit 2,

II-9



UNIT 2 - BYPOTHESIS TESTING: JIHE MECHANICS

Unit 1 of this module introduced the concept of hypothesis testing. This
unit will continue with that concept by teaching you the mechanics of how
the testing is accomplished. The norelinportant aspects of hypothesis
testing for which you should be prepared include:

1. The setting of significance levels. !
2. The determination of ecritical values. : &
3. The determination of ;onfidence intervals.

4. The way in which the above three can be used to increase the .

frequency of correct acceptance or rejection of the null hypothesis.

These four points will be presented using a statistical test called the
"z test." The z test is a convenient example for .teaching purposes.

Toward the «:: of the unit, however, other tests will be briefly discussed -
(t, ANOVA, F, and x2). -

| 31 -
Let's use this formula: €
a/vVn u= 25 -
. _29-25 o= 12
12/ V36 n e 36
- 2,00
By again consulting the z table, we find that # of the

area under the standard normal distribution curve falls between z = 2.00
and the mean. [Some of you have probably moticed that we used the
sample standard deviation (&) in the formula instead of a population
standard deviation (o). The reason for this is that when n is large
(>30) the sample standard deviation is & good estimate of the population

standard deviation. In this case, n = 36, 80 we can use our 8 = 12

in the formula.]
I11-10
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3
b
3

In order to continue with hypothesis testing, a brief review of the
properties of the normal distribution is necessary since most of the
statistical tests we will be dealing with require you to assume that

the population from which you are drawing your sample is normally
distributed.

A normal distribution is bell-shaped and (symmetrical/asymmetrical).

J .

3 ." R ——
’

5

—

3la
Answver: 4772 (47.722) ’

32

Since .4772 of the area under the curve

the mean, then ¢
z2 = 2.,00.

falls between z = 2.00 and
(.5000 - .4772) falls to the right of

1I-11



Ansver: symmetrical

The mean of a population distribution is symbolized by . (Greek
letter)

Its standard deviation is symbolized b& . (Greek letter)

D

32a %

Answer: .0228 (or 2.28%) y
8 ]

)

33

This means that if y = 25, we would expect to obtain z = 29 or greater
only 2.287 of the time. This percentage is well below the 5% level

commonly set by statisticians as the level of significance. We therefore
would reject:

HO: u= 25

on the basis that we would expect to obtain sample data like those we
collected less than 5Z of the time.

~~~~~~

We could say that we have rejected Ho: u = 25 at the 5% level of sigﬁif-

icance.
11-12
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L2

3a
Angwer: ¥
o (sigma)
. 4
Place the symbols u and +1c in their proper positions on the figure below:
34

In normal practice, the statistician will obtain from the z table the
value of z he would have to exceed to reject Ho. Using the 52 level,

we want to determine what z value corresponds to .0500 of the curve

falling to the right of the score.

.5000 - .0500 = ¢

————————————




4a

Ansver: 0

u  +lo

5

Since the normal distribution is symmetrical, with the mean as its mid-
point, what percent of the distribution is to the right of the mean?
. Z

34a

Answer: 4500

a5

Go to the z table again. In the body of the table find the figure ﬁ
closest to .4500. The £ value corresponding to that number is # . E

1I-14



Answer:

-
Ty
i

S5a

502

Answver:

G e e s

Okay, let's see if you are still awake. 6

What percent lies to the left of mean? ¢ P4

35a

z = 1.64 . (Through interpolation the score is 1.645. A
rule of rounding suggests that since 4 is an even digit
followed by a 5, the accepted way to round is to the even
digit. We, therefore, obtain 1.64. If the score was 1.655
we would again round to the even digit or 1.66. This is
sometimes difficult to get used to after always hearing

"five or more ? round up.")

36

In our example, then, if the z value we obtain is greater than 1.64, we
reject the null hypothesis (since a score of 1.64 cuts off .05 of the

° curve in that tail).

II-15



6a

Answver: 50%

In Module I, Unit 3 you were told that 68% of the values fall between the
two points of inflection. Remembering that the curve is symmetrical, what
percent of the distribution is in the shaded area below? # 4

«—Ppoint of inflection

U +lo

)
>

v

Wy AN Ty Ty
7 N Rud W SF AL

37

In the example we just went through, we determined the:

1.' null hypothesis.
2. alternative hypothesis.
3. significance level (a "alpha").

4. value that needed to be exceeded in order to reject the
null hypothesis.

5. result leading to rejection.

[Let's look for a moment at number 3 absve. The significance level
(often written a = .05 of a = .01) is the level selected by the
statistician that determines the cut-off point for statistical
significance. This will be discussed in greater detail in the
following units.)

II-16
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7a

. Answer : 342

So far the normal distribution has taken the form of:

_ Can each of the following be normal distributions? (yes/no) Why?

\ o D)

o

38

Now let's consider number 4 in the preceding frame--the value that needed
to be exceeded in order to reject the null hypothesis. 1In deciding what

value needed to be exceeded to reject the null hypothesis, given a = .05,
you (as the statisticians put it) determined the critical value.

I1-17



Angver: yes (they are all bell-ghaped and symmetrical)

9

As it would be physically impossible to comstruct t:;les for each u and ©
value, the statistician likes to talk in terms of "standard units."
Putting values into standard units converts the distribution to one with
a mean of 0 and standard deviation of 1. Conversion to standard units

requires the use of the formula:

L
0
&

. =¥

z - 7' 3
o A
?%
where 2z = the standard value 2
z; the 7th data value J%
¥ = population mean W
3
0 = vpopulation standard deviation D
D
D

/

AR TR W W

39

ST £

The critical value is determined by thg a selected, and the alternative

hypothesis. In the example we had a = .05 and le u > 25.

3 (v

S Ay s e
o Nad ey NG

5%

TN T
e Sl

¢
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W

é@

The critical value was the s value above which point .05 of the values
would fall:

z = 1.64

.05

VRV RERWE SRR X9
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10
Since this isn't a very complex formula, let's try a few quick ones.

Given: ¥ = 50
c = 5
T, -u
And the formula: = 5

Calculate z (standard value) for each of the following:

40 45 55 60 62 50

40
If, however, HI: U < 25 were used instead:

the critical value would be the 2z value below which .05 of the values
would fall.

1I1-19



10a
Answer: -2, -1, +1, +2, +2.4, 0

11
Changing scales on the normal distribution from standard deviation values
to z values shows the relationships between them.
-30 =20 =10 u +lo+20430 P
-3 =2 -1 01 2 3 2 values i?
A
What would the 2 value for +.50 be? # Wl
3
D
D
5
If the Hl: u ¥ 25, we would be concerned about extremes in both direc- 3
tions: ?é
3
9
)
&
5
o
The critical value here would be the z value above or below which.:gi ~
of the values fall (since there are now two tails to equal the .05). &h

In this case, if the z value obtained was greater than +1.96 or less E
than -1.96, the Ho would be rejected.

RS RO

We found 1.96 the same way we found 1.64. Find the z value correspond-
ing to .5000 - .0250 or .4750 in Table E: '

N

I11-20
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o N N e

Ansver: .5

}
&
Y

\

}

> 12
By means of Table E in the Guide, we can find out what percent of the dis-

tribution falls between any £ value and the mean.

What .is the title of Table E? %

4la
Answer: 1.96
k 42
B Find the critical values given a = .01 and
3
5 A. Ho: u =30
K B :u< 30 #
B. Ho: U= 30
E:u> 30 #
J
c. Ho: u = 30
HI: u ¢ 30 ¢

I11-21



12a 5}
)
Answer: The Standard Normal Distribution b
S
‘ 13

Let's see how you go about finding this percentage in the table.

Suppose we have: ;
To find what percent of the values fall between z = 1.96 and the mean f;
(2 = 0) go down the left column to 1.9 and then across to the column f;
headed by .06. At the intersection we find .4750. This means that .4750 %)
(47.5%) of the values fall between z = 1.96 and the mean. if

DR
Use Table E to find the percentage between the mean and 2z values of .5, 23
2,54, 3.0. &y
{ # # -
2
2
42a 7
Answer: 3
9
Here we're concerned with values in the shaded area: 3
A: )
2 = the point below which 12 of the 3
values fall. ”%
.5000 - .0100 = ,4900 D
N
z2 = <2,33 /
z = the point above which 1% of the ;f
values fall &3
B: )
.5000 - .0100 = .4900 ;é
z = 42,33 @
)
_ D
C: 2z = the points above and below which oy
.52 of the values fall ™~
N
2z corresponding to .5000 - .0050 = .4950 -%
= 2z = +2.58

I11~-22
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3
B
)

13a

Angver: «1915 (19.152)

) <4945  (49.452)
-4987 (49.872)
' | 14
N You may have moticed that there are no negative numbers in the table.
D ; What do you do if your z value is -1.96?
- (Hint: remember the curve is symmetrical) T

43
For simplicity the statisticians have named the preceding tests.

Since the first two are concerned with only’one tail of the distribution,

they are called # ~tailed tests.

Since the third one is concerned with two tails of distribution, it is
,é at ~tailed test.

I1-23



Ansver: Look up the percentage corresponding to +1.96. l4a

The percentage for -1.96 is the same as for +1.96 so there
vas no need to include negative numbers in the table we
already have. (It is important, however, to notate if the

Z value is positive or negative.)

15

In the following frames,
distribution

areas:

we'll use some of the properties of the normal
and Table E to find the percent in the following shaded

z=1.96 z=1.96 Ze-1.96 2z=1.96

PRV s S o A E

2= .502®=1.96 z= ~1.96 z2=1,96 z2==-502zm=1.96
43a
Ansver: one-tailed
two-tailed
44

Which of the following represent a:

one-tailed test?

two-tailed test?

A: HO: ¥ =100 B: Ho: u = 100 C: H:u=100

HI: v ¢ 100 le ¥ > 100 HI: u < 100

1I-24
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16
Find the Z in the shaded area:

. z = 1.627
We know .50 of the values fall to the right of the mean:

———

from the table, .4750 falls between 2 = 1.96 and the mean

The remainder is equal to

.5000
- .4750
.0250

Therefore, .0250, or 2.SZ,.of the values fall to the right of z = 1.96.

Ansver: one-tailed B&C 4ba

two~-tailed A

45
Once the critical values have been determined for a two-tailed test, the
interval between them is known as the confidence interval or acceptance
‘region. With a = .05 the confidence interval is the interval between
+1.96 and ~1.96 (the critical values).

If a = .01, what is the confidence interval? The interval between z = +#

and 2z = -f (critical values).

II-25



17 ;;’.;
Find the Z in the shaded area: s

z2=1,96
We know .50 of the values fall to the left of the mean.

From the table, .4750 falls between z = 1.96 and the mean.

z=1.96
Added together

.5000
+ .4750
.9750

We find .9750 or 97.5%, to the left of 1.96.

45a
Ansver: +2.58 -2.58

L3
€
46 3
With a = .05, 1f the £ value we obtain falls between $1.96, we can gay %%
(because we are accepting Bo if our z falls within the confidence fi
interval) with 952 confidence (1002 - 5% level of significance) that &)
u does not differ significantly from the assumed value. With q = .0l. D
if our obtained z falls between $2.58, our confidence increases to {?
"' | 3
11-26 |
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D
>

By now you should be familiar with the idea, so we'll let you try a few.

Determine what portion of the area under the curve falls in the shaded area.

Ansver:

Answer: 992

18

46a

One method used to write the confidence interval looks like this:

=1.96 < ZOBTAINED © +1.96

which means if the z vglue obtained is greater than -1.96 and less than

+1.96, then we are 95% confident that the mean does not differ sig-

nificantly from the assumed value (Ho). Write the confidence interval
with an a = .01,

I11-27
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18a
Ansver: 5% of the area under the curve is in the shaded area.

Area between 1.96 and the mean = .4750

.5000

- .4750
T .0250 = the area to right of 1.96
x 2 (since we have both ends)

. .0500

2z = <1.96 2z = 1.96

betermine what portion of the curve falls in the shaded 19

area:

2w 50 2= if§6

Answer: ¢

4la

Ansver: 238 < ZoprarnEp < +2-58 D
Usually the OBTAINED S2P be dropped, but you must be 3

sure you know that's the 'z you have calculated. o

Jou know £

3

3

11-28



. 193
’; Answer: 28.352

3o Area between z = 1.96 and the mean equals .4750.

Area between z = .50 and the mean equals .1915.

.4?50 = .1915 = ,2835 is the area between z = 1.96 and z = .50.

z= .5 2=1.9

. }
s
e

\ 20
B Determine the portion of the area under the curve in the shaded area:
2 z = -1.96 z = 1.96 -
E Ansver: #
48
In the following example, determine:

1. B :
v o
b | 2. Hl :

3. a = ¢

4. critical values = #

W

confidence interval ( -#

< ZoprarNep < H— )

6. decision to accept or reject Ho

wor’

We have received data on 49 air samples yielding a mean SO2 concentration
of 60 ug/m3 with a standard deviation of 14 ug/m3.

Up to now we thought the mean equaled 55 ug/m3. and we need to test this
assumption against the hypothesis that the mean doesn't equal 55 at the
5% -level of significance.

Use this formula: , ,Z - ¥

o/vVn
II-29



20a

FIAN

Answer: 952 <)
)
Area between z = 1.96 and the mean equals .4750 )

Since we want to know the area on both sides

.4750 x 2 = .9500

@
o
z 1.96 z=1.96 &
21 ©
Determine the portion in the shaded area: S}
z=-,5 2=1.96
Answer: ¢ :
48a
Ansver: 1. HO: u = 55
2. H:w ¢ 55
3. a= .05
4.  critical values = -1.96 and +1.96 (since this is a two-
tailed test)
5. confidence interval = -1.96 < 2 < +1.96
-E-u -60-55-2-4. f:
6. reject Bo ] Yy TV 3 2.50 é%
o
since 2.50 > 1.96 we reject B ' €3
"
3
>

I1-30



Angwer: 66.652
Area between z = 1.96 and the mean equals .4750

'i:' Area between z = -.50 and mean equals .1915

.4750 + .1915 = ,6665

z2 = -.50 z=1.96

21a

H

22
Find the proportion of the area under the curve:
between 2z = 2.54 and the mean #
between 2z = 2.54 and z = -2,54
to the right of z = 2,54 #
to the right of z = 2.54 and to the left of z = -2.54 §
49

You have just been exposed to one type of statistical test--the z test,
which is based on the standard normal distribution. There are, however,

: several others commonly used by statisticians that will be introduced
,; in the following frames, and discussed in greater detail in later
' modules.

I1-31



Answver:

4945
.9890
.0055

.0110

228

Let's now see how this information can be applied. According to the

table, the proportion of the area between the mean and:

z=11is f

z2=21is #

z=31is {

The first is the t test.

Like the 2z test, the t test is used to test

means, but is more often used than the 2 test for two reasons:

1.

2.

The z test requires a large sample size (over 30), while the
t test can be used with any sample size.

The t test can be used not only to test a sample mean against

4 postulated population mean, but also to test the differences
between two sample means.

I11-32
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23a
'% Angwer: .3413

5 | 4772

.4987

: 24
Using these proportions, we find that between z = 1 and z = -1 2 x ,3413
or roughly 682 of the area under the curve falls; between z = 2 and
v z=<2, 2x¢f or roughly # % falls; and between z = 3 and z = -3,
¥’ 2x#f or roughly # Z falls,

This explains where those percentages came from that were mentioned in

the slide/tape presentation.

51
The next test we will encounter is the analysis of variance (it's not
’ as bad as it sounds). The ANalysis Of VAriance (ANOVA) is an extension
é of the ¢ test in that it allows for testing the differences between more
} than two sample means, by partitioning the variance of the samples.

i

II-33



24a
Ansver: 4772 ' 952

.4987 992

25
We now know that in a normal distribution the proportions falling between

%1, %2, and %3 standard deviations are approximately .68, .95 and .99 respec-
tively. 1In other words, 1f we randomly selected values from this distribu-

i
7
g
e
£
nad”
e

tion, we would expect 99 out of the 100 values to fall between # ' g
standard deviations from the mean, 95 out of the 100 between # i\
standard deviations, and 68 out of the 100 between f standard 2@
deviations. ' ?é
S
: o

3
3
3
f"§
3
D
3

cim,

52
Part of the ANOVA requires use of the F test, which consists simply of

& ratio of variances.

S 0OVOeeVCBUD

By
RS AW
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. 25a

2

between *2 standard deviations, only # out of 100 will fall

) Answer: 13
2 +2
*]

3 Recalling our previous exercise, if 95 out of 100 values will fall 26

outside 2 standard deviations.

53
Finally, the chi-square (xz) test will be discussed. The chi-square
test can be used to determine the likelihood of obtaining certain fre-

quencies of results in comparison with the expected frequencies.

II-35



v 26a
Answver: 5

The meaning of this 5Z will become more evident later in this unit
. and in units to follow.

27
' Let's get back to hypothesis testing. Suppose we wanted to test the
hypothesis that the mean distance required to stop a car at 20 miles
’ an hour is 25 feet, against the alternative hypothesis that it takes
more than 25 feet.
- _Wriie the null hypothesis and the alternative hypothesis.
H:
o
54

In shorter notation:

z test tests BO: ¥ = any number, but requires a large sample
size. (n > 30)

t test tests HO: ¥ = any number (any sample size)

HO: ¥ =, (comparison of two means)

ANOVA . tests Bo: Yy =¥y =ug =, . .=y (comparison of more
than two means)
F test tests Hoz olz = 022 (comparison of variances)

chi-square (xz) tests Bo: observed frequencies = expected frequencies

I1-36
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- 27a
D Ansver: Ho: u =25 feet
‘ H: u> 25 feet
28

This type of situation can be handled by a slight variation of the
2z values we Just talked about. Remember, we've been dealing with the
' percentage of scores that will fall into a certain area under the
normal curve., Assuming that stopping distances are normally distributed,

M we can utilize z values to solve our problem.

35

Match the following null hypotheses with their appropriate test(s):
Write name -

Test of test _H£_
t4 —_— A. H°= ul-uz-u3' Ul.
. t -— B, BO: olz =0,
ANOVA c Hb= B " uy
F D. H:u =anymno. (n=15)
‘ x2 E.' H : u = any no. (n = 45)
F. Ho:- observed frequencies = expected frequencies
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In our example, we want to know whether the mean distancg to stop a car
going 20 miles an hour is 25 feet, or if the mean distance is more than
25 feet. Let's add some sample data. 36 observations yield a mean of

29 feet necessary to stop a car at 20 mph, with a standard deviation of

12 feet. Based on this data, we want to test:

Ho: us= 25

le u > 25 ‘ .

i

3

55a )

: »

Answer: A ~ ANOVA )

3

B - F -

2

cC - t W

o)

D - t - ré

3

EC0F S

“

o

Let's review. 56 oy
3

Statisticians have many ways to test many different kinds of hypotheses. -
This unit discussed the basis for all statistical tests: fﬁ
1. Stating the null hypothesis. 16

3

2. Stating the alternative hypothesis. B

9

3. Setting the level of significance. )

4. Determining the critical values and confidence interval. Zg
Once these have been accomplished, and the type of statistical test to be 2
s

used is determined, all that remains is computation and the decision of fi
acceptance or rejection, based on the result of the computation. ;%

(Of course, after the statistical analysis is complete, there is still

s’

. the interpretation of the results with which to contend.)
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’ Just as before, using a z value we can determine what percent of the

N time we can expect to obtain this sample mean when the null hypothesis
is true. The z value we use to do this is a bit different, however.
Let's examine this difference briefly. If you draw a large number of
samples from a normally distributed population, the means of those
samples would also be normally distributed, with y as its central
value. The second formula below lets you obtain a z value for any
sample mean within the distribution of sample means. The denominator

of the formula is the standard deviation of the distribution of sample

means (sometimes called "standard error of the mean") and'defines the

:é . variability or dispersion of the distribution of sample means.

z. - u 1s the formula we used before to determine

z - the £ values of raw data.

il l RN

- z - u 1is the formula we now use to obtain a 2 value

z
' o/V'n of our sample mean.
: ~ Go to:
Frame 33

Page 11-10
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57
This unit also introduced the notion of standard units. To convert

any data to standard units you use the following formula:

This will always result in a mean of O and a standard deviation of 1.

o aS
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2 values can also be used to test the HO: U = any number (provided

n > 30), through use of the formula:
z - u

olfn

vhere I = sample mean

=

= assumed or postulated mean of the population
from which the sample was drawn

¢ = standard deviation (estimated for the population

because of the large n)

n = gample gize

The obtained z is then compared with the value in Table E of the Guide
and the appropriate conclusion drawn. Other tests briefly mentioned in
this unit (¢, ANOVA, F, xz) will be explained in detail in the next three
modules. It should be noted that all these statistical tests assume

randomly selected observations from a normally distributed population.

Go to Unit 3 I11-40
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UNIT THRE|

3
"
3
3

UNIT 3 - ERRORS

When testing the null hypothesis, there are four possible outcomes con-

cerning its acceptance or rejection:

1. Accepting the null hypothesis when it 1is true.

2. Rejecting the null hypothesis when it is false.
3. Accep:ing the null hypothesis when it is false.
; 4. Rejecting the null hypothesis when it is true.

These possibilities can be diagrammed:

H_ true B false
: o o
Accept Ho correct decision error
;5 Reject Ho ! error correct decision
3o~ .

As you can see, two of the possibilities are errors in the decision of
acceptance or rejection. The first error is rejecting the null hypothesis
when in fact it is true. This is termed "Type I" error [also "error of
the first kind,” or "alpha" (a)]. The second kind of error, conveniently
termed "Type II" error ["error of the second kind," or "beta" (8)}, is

accepting the null hypothesis when it is false.

This unit explains these two kinds of errors, and shows how to determine
5; the probabilities of committing thenm.

%

Fill in the blanks with "Type I" or "Type II":

Ho true Bo false
Accept Bo correct decision
Reject Ho ‘ correct decision

IT-41



Since ﬁypothesis testing calls for a decision to be made (acceptance or
rejection of the null hypothesis) based on only a portion of the whole
population, the possibility of making the WRONG decision exists. These
wvrong decisions are known as Type and Type —_— errors.
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7a
Answer:

Bo true Hb false

Accept Ho Type Il error
Reject Bo Type 1 error

II-42
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Answer: Type 1 & Type Il errors

2a

A Type I error occurs when we reject the null hypothesis when it is

in fact true. When we (accept/réject) a (true/false) null hypothesis

we have committed a Type I error.

The probabi}ity of making a Type'I error (symbolized by &) can be con-
trolled by the statistician fairly easily by increasing the level of
significance to be used in testing the null hypothesis. We already
know that convention suggests using a 5% or 1% level of significance.

By changing the level from 5% to 12, we are decreasing the probability

of making a Type I error. Such change, however, does increase the
probability of making a Type II error, and, in some cases, the pro-
bability of accepting a false hypothesis (Type II error) needs to
be minimized. In such cases, the level of significance may be set
higher than 5Z.

a=.,05 means "the probability of making a Type I error
is 5 chances in 100 (5%)."

a= .01 means %

I1~43



3a
Answer: reject
true
; 4

For example, if we have

HO: u =50

Hi: v ¢50
and through testing of a sample mean of 60 we reject Ho when in fact &
u does = 50, we have committed a Type {# error. <

8a
Answer:  "the probability of making a Type 1 error is 1 chance -
in 100 (12)".
By this time you may already have realized that -

a = probability of making a Type I error = level of significance.

so when we set the level of significance we also then know the

of making a

e

K
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4a
Ansgver: D |

A Type I1 error occurs when we accept a false null hypothesis. 1If a

null hypothesis is (true/false) but we (accept/reject) it anyway, w
have made a Type II error.

9a
Answer: grobabilitz of making a Type I error.

10
Given a = .05, what is the probability of making a Type I error?

Given a = ,01, what is the probability of making a Type I error?

I1-45



S5a
Answver: false

accept

Given Ho: u=100
81: u¢ 100

If on the basis of sample data we reject Ho’ but u does = 100, we
have committed a Type error.

If we accept Ho' but in fact u ¢ 100, we have made a Type error.

&)
3
3

3
3
3

3
3

)
5
D

10a i

Ansver: 5 in 100 (52) ;i
11n 100  (1%) ,

;

11

fany

@ DL

The probability of making a Type II error (represented by 8) can also
be determined, but a discussion of this will not be presented in this

course since such a discussion is better suited for a more advanced
course.

For more information on Type II error, see: )
Glass & Stanley. Statistical methods in education and psychology. ?

Englewood Cliffs, N. J.: Prentice-Hall, Inec., 1970.

I1-46
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6a
Answer: 1

11

Go to:
Frame 7
Page 11-4)

' 12
To review:

In hypothesis testing, there are two errors that can be made when
the null hypothesis is accepted or rejected. These are:

H True H False

o °
Accept Ho Correct Decision Type II Error
Reject Ho Type 1 Error , Correct Decision

The probability of making a Type I error is Biven by a. a is also the
level of significance of the statistical test, and is usually .05 or
.01. This means that when we reject a null hypothesis, we are risking
the possibility of rejecting a true null hypothesis only 5 times in 100,
or once in 100, depending on the a level selected. Go to Unit 4.
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UNIT FOUF

~ UNIT 4 - THE STATISTICAL PROBLEM SOLVING PROCEDURE

1
The general problem of hypothesis testing is oftem difficult for beginners.
This procedure has been developed to greatly reduce your difficulty in
understanding hypothesis testing:
Step 1. Define the problem.
Step 2. Select the appropriate statistical technique and signi- p
ficance level. 7
'
Step 3. Organize and, if necessary, reduce the data. €
Step 4. Compute the statistic. Zi
Step 5. Consult the appropriate table for the critical values. i)
o3
Step 6. Make the appropriate decision based upon the statistical )
results. 2
3
i
3
<3
D
10 f§
Now try this one on your own: 53
4
It is assumed from previous data that the mean TSP concentration jf
)
for City A 18 50 ug/ms. Recently, 36 readings have gshown a mean &
of 58 ugln3 with a standard deviation of 26 ug/m3. Can we, using 3
a 52 level of significance, conclude that the actual mean is D
greater than 50? @

Go on to
Frame 11
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Step 1: Define the Problem. First, define what the problem is. This
includes defining the null hypothesis and the alternative hypothesis.

There are different null hypotheses, and they will be discussed in more
detail in the later units on the various statistical techniques. To

introduce you to the upcoming tests, some of these null hypotheses include:

B : u=a (a= any number)

[}
3 (the population mean equals a)
>
Yy Ho' ul =y,
w§ (the mean of population 1 equals the mean of population 2)
- 2 - 2
~ ; l‘lo' ol %2
N ' (the variance of population 1 equals the variance of
i population 2)
‘ Hot My = My = M3 = ¥y,

(the mean of population 1 equals the mean of population 2
equals the mean of population 3 equals the mean of popula-
tion 4)

Each of these hypotheses calls for a different test. They will be dis-

cussed later.

h

11
Step 1: Define the problem.
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Step 2: Select the Appropriate Statistical Technique and Significance
Level. On the basis of the null hypothesis of the problem, the appro-
priate type of statistical technique must be selected. (The specific

technique will also often rely on the nature of the data. This aspect

of the selection process will be discussed in later units along with the

specific tests.)

The significance level should also be set at this point. Careful thought
must go into this selection, because once set it should not be changed.
Basically, the selection of significance level boils down to asking your-
self the question: "At what level of significance will I and other
researchers be satisfied with the results obtained by the test?" Con-

vention usually suggests the 5% or 1% level.

lla
Answer: Hoz u =50

le u > 50

12
Step 2: Select the appropriate statistical technique and significance
level. '

test

11-50
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Step 3: Organize and, If Necessary, Reduce the Data. This involves

accumulating the data and putting it into the form required by the test
selected. Sometimes this will mean rank ordering, and other times it
will mean categorizing the data. In any case, you should do whatever is

necessary to facilitate the computation of the selected statistic.

12a
Answver: z test, since we are testing a sample mean against
a postulated mean and since n >30.
a=.,05
13

Step 3: Organize and, if necessary, reduce the data.
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Step 4:

Compute the Statistic. Now that the data are organized, compute

the test you have selected.

Answer:

Not necessary

13a

'Step 4:

Compute the statistic

T =V

o/vVn

I1-52
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Step 5. Consult the Appropriate Table for the Critical Values. Find

the table corfesponding to the test and determine the critical values.

l4a
Answer: z =

‘@ Step 5: Comnsult the appropriate table for the critical values.

o
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Step 6: Make the Appropriate Decision Based Upon the Statistical Resu!:s.

Compare the results of the selected statistical tests with the critica
values in the tables and make the appropriate decisic
or reject the null hypothesis.

5.on to either accep:

' 15a
Ansver: critical value is +1.64

Since this is a one-tailed test, we need the z correspond-
ing to .5000 - .0500 or .4500.

, 16
Step 6: Make the appropriate decision based on the statistical

results.

I11-54
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Here is an example of the application of the 6-step technique, using
the z test:

It is stated in a report that the mean CO concentration for
2 . a location is 8 mg/m3. To test Chis assumption, 49 readings
of Co'concen;rations afe taken, yielding a mean of 6.5 mg/m3
and standard deviation of 3.5 mg/ma. We want to know, with

. 3
952 confidence, if the mean is actually 8 mg/m~, or if it
differs significantly.

Step 1: Define the p}oblem.

H:ue= 8 ms/m3

Hy:w ¥ 8 mg/m3

16a
Angwer: Reject HO: u =50

You may have noticed in this example that if you had

selected a critical value of +1.96 based on a two-tailed
test, you would have accepted Hoz u = 50. You must be

careful to select the correct critical value.
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Step 2: Select the appropriate statistical technique and significance

level.

Since the null hypothesis concerns testing & sample mean
against a postulated mean, and n > 30, we select the z test.

Since the specified confidence level is 95Z, a = .05 (100 Z - 95%).

Step 3: Organize and, if necessary, reduce the data.

This 1s‘not necessary in the 2z test. l

) D

Step 4: Compute the statistic. O
4

z =L >

o/Vn

. 6.5 -8.0 ;g

3.5/ V49 2

o

.5 -

'\:g

2D
= =3.0 o

9

Step 5: Consult the appropriate table for the criti.al values. 22
In Table E we find the z value corresponding to .4750. 3

(. 5000 - ﬁf_rog) 3
Critical values = £1.96 &

]

Step 6: Make the appropriate decision based upon the statistical P
results. €3

Since the obtained 2 (~3.00) beyond the critical values 5

(21.96), we reject the null hypothesis that u = 8 nglms. 5

Go to: )

Frame 10 7

Page 11-48
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%4

In future statistical tests, you will be expected to show your resu}ts 2
in this 6-step procedure, but you need not memorize each step. All that i
you must be able to do is follow it. Anytime you must use the procedure 2

you can refer to page 1i in the Guide, which contains the six steps.
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