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HYPOTHESIS TESTING
o 5 AN

* IV e Q&"“in
be:

'“‘“J “‘ﬁ’
1) True. (there is r}?ﬁly rggatmmlffere%ce) ', fj —?} }
2) due to chance (we Knowrif by- hypothesas testmg ) g“‘% A R

g Y B e,
The role of hypothesis testmg ’; \ g | | %—«s{_ E‘*ﬁ s/ *rg ";
To tell whether the associatton i IS“true or due 6 hﬁn:c‘é.‘(ltx finds th’e‘probablllty

LA Rl e = -*;,0 o B

that the observed association is due to chance). So we do testingito remove the
effect of chance.

To make a hypothesis and test it we have to:
1) Understand the nature of the data (i.e. discrete vs. continuous; # and type

of variables) which determines the particular test to be employed.
2). Verify Assumptions: general procedure is modified depending on the
assumptions (i.e. normality, equality of variances, independent samples).
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A hypothesis is a statement about one or more populations.

We have two types:

1) The null hypothesis, denoted by H,, is the hypothesis to be tested. It is the
hypothesis of no difference or no association. It is opposite our believe.

(the difference is due to random chance).

Example: There is no association between air conditioning and allergy.
2) The alternative hypothesis, denoted by H, or Hj, is a statement of what we

will believe is true . (conclusion the researcher is trying to reach).
(the difference is real).

Usually, the alternative hypothe51sand the research hypothesis are the same.

like p not sample estimates:like:J
- Equality appears mHo e e =
- We compare; a sarnple statlstlc to a pc)pula‘uon parametc
there is a mgmﬁcaht différenice. . =~
- In the "one sample" case,.we compare w1th populatwn parameter (in

@e next example it is- 107

.

Example on writing H and H,:

Suppose we want to test that the mean time to deliver pizza is 10 minutes, then
the null and alternative hypothesis will be:
Ha: g # 10 (there is difference)
. Ho: p =10 (there is no difference)
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Suppose we believe that the mean time to deliver pizza is less than 10 minutes,
then the null and alternative hypothesis will be:

Ha: p <10

Hy: =10

Important Example:

If H,: Boys are smarter than girls, then the null hypothesis will be:
a) There is no difference in cleaverness between boys and girls.
b) Girls are smarter than boys.

The answer is b.

Types of Errors: I

)
1) Type I Error: A Typel errorféccurs when we reject a true null hypothesis.
The probability of committing a%*Type T error is called a or significance level.
2) Type II Error: A Type Il eirror occufé wheg,we fail to reject (accept) a false
null hypothesis. ,

jBecmlon o
Fail to reject Hg

T Correct drec1smn’ 3 3 »
(accept) i o '
Reject Hy / %1 g»i Type I,Error;(a)
- F *% f i ?‘ Eg
x‘»-k_ S S ::f-" gsé? D x' =

~=r

Type I error is more serious than Type II error.
It is more serious to send an innocent man to jail, than set a guilty man free.
Thus, we are more concerned with controlling Type I error than Type I error.

As you decrease o , you increase B and vice versa.
Thus, general strategy: fix o and try to minimize .
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Hypothesis could be one tailed or two tailed. This depends on what we
want to test:

Types of Tests
Test H, Ha Rejection region
Two-tailed Test = 5 Fig. 1
Left-tailed Test == < Fig. 2
Right-tailed Test il > Fig.3

Rejection region

ejection region

Fa
Criﬁca[;\*}éjge E§

sl

Fig. 2 a % WL

e

T,

‘ Some Common Crifical Values:
a 0.01
i Z 4y when area to left (Fig. 2) —1.28 —1.645 —2.33
| Z(1—) When area to right (Fig. 3) 1.28 1.645 2433
Zyzy when having 2 tails (Fig.1) 1.645 1.96 2.575
2

® The values of the rejection region are those values that are less likely to
occur if the null hypothesis is true.
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Exercises:
1) In hypotheses testing, a type I error occurs when:
a. a true null hypothesis is rejected. b. false null hypothesis is rejected

c. a false null hypothesis is not rejected d. none of the above

2) When we accept a false null hypothesis, then we:

a. commit a type I error b. commit a type II error
¢. do a correct decision d. none of the above
Answers : Sl 2.b

General steps to perform a test of hypothesis:

1. Write the null and alternative hypothes1s Determine if it is one or two tailed.
2. Assume the null hypothesis trug?”
3. Set the level of significance. 7
4. Collect evidence (ex. Find sample average) ﬁ@

5. Determine the rejection and non—rejectlon reglons Find critical values.
6. Calculate the value of the tesF sfat‘istlf;(wﬂl be e%)lamed next page)
7. Make a decision (conclusion):&

* If reject Hy, we conc:ludeanulsj_true"em 5
* If we fail to reject Hy, t i

If |test statistic| ?_fcrztlcalga"%es then reject Ho 3 ;}Z
Or if the test statistic falls‘in- re_]ectIon area$ then'rej ject-the null’

=) B mina Y3 & e Smmomsy

A g /A F RE. N
Hypothesis Testing: A'Sin éf% Populatlon%Meéaﬁn %m_

-

CASE 1:

Assumptions:_Sampling is Random from a normally distributed population
with known variance and large sample size (n > 100):

In this case use Z (normal) distribution.
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Alternative Hypothesis Critical values (tabulated values)
Ha : u # po (two tailed) =2 @ eriE ld
s a-2 1-z)
Hy : u < py (one tailed) _7
Hy : 4> uy (one tailed) (1-a)
Za-a)

A
o is called a reference value or standard value. It is given in the
. question (population value). In writing Hy and H,, we compare with it.

Test statistic (standardized value):

point estimator —hypothesis parameter

standard error

- Note: Z ~ N(0,1) this meansglt% is normallys dlstnbuted with mean zero and
varience 1. o ..MF;“’?_“‘?‘%& = m.,ﬁg
- Test statistic is also calIed calculated;value‘ iﬁ

.

N | rBAR R
Important Note ]:g;th examy, if ;agnottglvg?% n th% questlon,
consider it 0:05 A= { e AW A W Y
A 3 m :
Example: ;*E%% %gi\ / 3 | Eﬂ‘ E%f 0 A"

The mean serum creatmmlcvemeasure lIl,"‘“‘l’Q“- ,alents__ahours after they
received a newly proposedantlblotlc was 1.2 mg/dl. Suoseéei‘um creatinine
level in the general population is normally distributed with mean and standard
deviation 1.0 and 0.4 mg/dl, respectively.

Can we conclude that the mean serum creatinine level in this group is more
than that of the general population.

(a) State the null and alternative hypotheses.

Solution: Hy:u<1.0and Hy : x> 1.0.
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(b) Using a significance level of 0.05, find the critical value of the test.
Solution: This is a Right-tailed test. (confidence level = 0.95 ), using the z
table Z(l—a) = 1.65.

(c) Find the value of the test statistic.
Solution:

_X-pp _ 12-1
<= o/\Nm ~ 04/ViZ =475

(d) What is your conclusion?

Solution: We shall reject Hy since [1.732 | > |1.65]. (i.e. Hy is true, that is, the
mean serum creatinine level in this group is greater than that of the general
population). .

r-4
ko
}é‘ B2 Rejection region
§

Nonrajectloni:uglon

= S )y J %
K Increasing the level of significan ill ‘increase the rejection regmn,\
and vise versa. 7 B

& B F
-When we decrease;thg conﬁde& level (1= "a) “then We_lncrease the level

of significance (a). So_decreasing the %gr;ﬁéence level will increase the

S
KI’B‘]ectlon reglon and}lse Versa '“-} ‘75 ]
‘%a- Y

Exercise:
1) If a hypothesis is rejected at 99% confidence, then it:

a. will always be rejected at 95% confidence c.at+b

b. will always be rejected at 90% confidence d. none of these

Answer: l.¢
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PRECAUTION:

Hypothesis Testing does not lead to proof of hypothesis, it merely
indicates whether the hypothesis is supported or not supported by the
available data.

When we fail to reject Ho, we do not say the Ho is true, but that there is
insufficient evidence to conclude the Ha. May be underpowered (this is
related to sample size n).

CASE 2:

Assumptions' Sampling is ra.ndom‘r rom a normally distributed population with

Test statistic (Z score)

Example: ;

A nonsmoker male bel1eve9ﬂthatesmoker% d%gffer iin sleeping hours than the
general public which-needs-an-average;ofs7 Ehours of sleep each day. He
questioned 151 smokers,_about the number oﬂhours theygsleep each day, the

A Y

sample mean was 7{5thours afd the's dardgdegmtmn was 0. 5 hours Suppose

.-«!

g P ‘t‘::
you are asked to h”glp th1s;%person‘about his bchef p—

__Ah\, B

{"""{ % % b, F;! = ”’%,% ‘1: “%% bé"’
(a) Write out the null %n%gi g{lﬁl&tw‘éhypo.the;lﬂgor ytE)ul: eﬁs}f Y

Gy TR SETTEET e

Solution:
e Hj: Hs = 1.7

(or Hy: no difference between the sample mean and population parameter, then
X = p). So, the difference is due to chance.

In other wards: the sample of 151 comes from a population that has a mean of
77
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~(or Hy: there is a difference between the sample mean and the population
parameter). So, the difference is real.

Or in other wards the sample of 151 comes from a population that does not
have a mean of 7.7. In reality, it comes from a different population.

(b) If you let the confidence level 95%, what is the critical values?
Solution: This is a two-tailed test. 1 — & = 0.95. So the critical values :
Z=+1.96.

(c) What is the value of the test statxstlc‘?'
Solution: Test statistic is:
E—p LT3 T.7

s/¥n—1 035//i51—-1 o

T =

(d) What is your statistical conclusmn‘?
Solutlon Reject Hy, since —4:90 <§—1¢ 96. (the dlftgrence is significant, so it is

{(e) What you should tell this’ péi'“si')n”abouthls belief?
Solution: His beliefii is true, that isy the;‘smokcrs différin sleepmg ll%urs than the

,_

i %ﬂ £ & ﬁ
general which needs q_giaverage abouta? Y/ hours ___ 7 %/ B L 6
"-1‘ka»—

A

i ot L Critical values _I
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Note:

a. is the indicator of rare event.

Any difference with a probability less than o is rare and will cause us to reject
the null hypothesis.

Significant does not mean a relation is important and it is not necessary
causal one. It means there is relation only.

In decision making, to decide if there is a significant result:

It is important to report not just that we found a difference, but how big it is,
and the precision of our estimate. That's why P- value is important.

P-value: the probability of fmdiﬁ% ti‘%;fﬁg%pserved finding or difference is due to
chance.

The p-value is the probability c\alculate?undeg%e Ho (assume H, is true) that
the test statistic takes on a valuﬁqg%al to,or more extreme than the value
observed. s % % & %?

The p-value indicates how strong (oeweak) the® rejection of the H, will be.

AT 4"
= Small p-values signify-strong:rejection:ofiH;

i

It must be noted, tha”f;no“fﬁivahi‘e'fﬁg\i‘iéirer}sn;@i exclidesTcharice completely.

S,

e = e Wi -j ! =i
: o £ FERY S E‘— E‘;ﬁ T‘%é‘.* 4 @ .égq i
The difference betweetraand p-value ™~ *—* *—& ot B S
T aR VAR
. S e B2 1% &
e ItisLevel of significance or/"[%, @
Maximum allowaﬁl_,,ﬁ ,
Type Lercof, 7

o T FRvalle g oo
The probability of chance

T =TT — ——
mezsTherexactwvalue of error that

P T
occur in hypothesisitesting,

e Set by the researcher (at study
beginning).

® Computed from the sample
(better computed by special
soft ware)

e At the end of study.
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-If P-value <a then we reject null (there is significant different), it is
not likely due to chance. That means the chance has a very minimal effect

on this difference so itis a significant difference:
(real difference or association)

-If P-value>a then we accept null.
So, if we reject null hypothesis, this means P-value should be < .

How to calculate P-value?

Example on two tails:

The mean serum creatinine level asured in 12 random sample of patients
after they received a newly propogz}ntibiotic was 1.2 mg/dl. Suppose serum
creatinine level in the general population is normally distributed with mean 1.0
and standard deviation (c) 0.4 fg/dI. |

Suppose we are interested in testing whether th@%%mean serum creatinine level in

this group is different from general. n@_gplatio}rrm%ag of 1.0.

#é = 5'3% =

Solution: @ ( i §

n=12 5 %@f&f:ﬁmﬁ%ﬁg ﬁbﬁg

x=1.2 ¢ 4

p=1

=04

Hy:u4=1.0

Ha: u#1.0

§'01Li0n:' P s

Since the X = 1.2 is to the right of the mean

=

To find the probability convert X to Z = i—/f;'_l = 0_1"12/:{,1_2 =1.73
then find the probability P(Z > 1.73) = ]—0.9582 (from table) =

0.042
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So, P-value = 2 X 0.042 = 0.084. (we have two tailed in the question so we
multiplied the answer by 2)
P-value (0.084) > a (0.05), then we accept the null hypothesis.

So, the mean serum creatinine level in the sample is not different from that of
the general population.

Summary of methods of hypothesis testing:

1) Calculate test statistic value as we did in this part.

2) From p-value:
-If P-value <a then we reject null (the probability of getting result due
to chance is close to zero). 5

ALQUSOUR
ACADEMY

12/12



