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7.3 Hypothesis Testing :The Difference 7.3 Hypothesis Testing :The Difference 
::between two population mean between two population mean 

We have the following steps:We have the following steps:
1.1.DataData:: determine variable,  sample size (n), sample means, determine variable,  sample size (n), sample means, 

population standard deviation or samples standard deviation population standard deviation or samples standard deviation 
(s) if  is unknown for two population.(s) if  is unknown for two population.

2. 2. Assumptions :Assumptions : We have two cases:We have two cases:
Case1:Case1: Population is normally or approximately  normally Population is normally or approximately  normally 
distributed with known or unknown variance   (sample size distributed with known or unknown variance   (sample size 
n may be small or large), n may be small or large), 
Case 2:Case 2: Population is not normal with known variances (n Population is not normal with known variances (n 
is large i.e. nis large i.e. n≥≥30).30).
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3.Hypotheses:3.Hypotheses:
we have three caseswe have three cases
Case ICase I :: HH00:   :   µµ 11 == µµ2         2         →→ µµ 11 -- µµ22            =  0=  0  

HHAA:  :  µµ 1  1  ≠≠ µµ 2           2           →→ µµ 1   1   -- µµ 2      2      ≠≠ 00
e.g. we want to test that the mean for first population is e.g. we want to test that the mean for first population is 
different  from second population mean.different  from second population mean.
Case IICase II :: HH00:   :   µµ 11 == µµ2         2         →→ µµ 11 -- µµ22            =  0=  0  

HHAA:  :  µµ 1  1  >> µµ 2         2         →→ µµ 1   1   -- µµ 2      2      >> 00
e.g. we want to test that the mean for first population is e.g. we want to test that the mean for first population is 
greater than second population mean.greater than second population mean.
Case IIICase III :: HH00:   :   µµ 11 == µµ2         2         →→ µµ 11 -- µµ22            =  0=  0  

HHAA:  :  µµ 1  1  << µµ 2           2           →→ µµ 1   1   -- µµ 2      2      < 0< 0
e.g. we want to test that the mean for first population e.g. we want to test that the mean for first population 
is greater than second population mean.is greater than second population mean.
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4.Test Statistic4.Test Statistic : :

Case 1:Case 1: Two population is normalTwo population is normal or or approximately approximately 
normalnormal

σσ22 is known                                 is known                                 σσ22 is unknown if              is unknown if              
( n( n11 ,n,n22 large or small)                      ( nlarge or small)                      ( n11 ,n,n22 small)small)

populapopulationtion populationpopulation VariancesVariances
Variances Variances equal                not equalequal                not equal

wherewhere
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Case2:Case2: If population is If population is not normallynot normally distributed distributed 
and nand n1, 1, nn2 2 is large(is large(nn1 1 ≥≥ 0 ,n0 ,n22≥≥ 0) 0) 
and  population variances is known,  and  population variances is known,  
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5.Decision Rule:5.Decision Rule:

i) i) If  If  HHAA:  :  µµ 1  1  ≠≠ µµ 2           2           →→ µµ 1   1   -- µµ 2      2      ≠≠ 00

Reject H Reject H 00 if Z >Zif Z >Z11--αα/2  /2  or Z< or Z< -- ZZ11--αα/2/2

(when use Z (when use Z -- test) test) 
OrOr Reject H Reject H 00 if T >tif T >t11--αα/2 ,(n/2 ,(n11+n+n22 --2) 2) or T< or T< -- tt11--αα/2,,(n/2,,(n11+n+n22 --2)2)

(when use T(when use T-- test)                                               test)                                               
 __________________________  __________________________ 
ii) ii) HHAA:  :  µµ 1  1  >> µµ 2         2         →→ µµ 1   1   -- µµ 2      2      >> 00

Reject HReject H00 if  Z>Zif  Z>Z11--αα     (when use Z (when use Z -- test) test) 
OrOr Reject HReject H00 if  T>tif  T>t11--αα,(n,(n11+n+n22 --2)2)     (when use T (when use T -- test)test)



Text Book  Text Book     :   :Basic Concepts and Basic Concepts and 
Methodology for the Health Methodology for the Health 

SciencesSciences

١٧٨١٧٨

iii) If iii) If HHAA:  :  µµ 1  1  << µµ 2           2           →→ µµ 1   1   -- µµ 2      2      < 0< 0
Reject HReject H00 if Z< if Z< -- ZZ11--αα (when use Z (when use Z -- test) test) 
OrOr

Reject HReject H00 if T<if T<-- tt11--αα, ,(n, ,(n11+n+n22 --2) 2) (when use T (when use T -- test)test)
NoteNote::
ZZ11--αα/2/2 , Z, Z11--αα , Z, Zαα are tabulated values obtained are tabulated values obtained 

from table Dfrom table D
tt11--αα/2/2 , t, t11--αα , t, tαα are tabulated values obtained from are tabulated values obtained from 

table E with (ntable E with (n11+n+n22 --2)2) degree of freedom (df)degree of freedom (df)
6.6. Conclusion: Conclusion: reject or fail to reject Hreject or fail to reject H00
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Example7.3.1 page238Example7.3.1 page238
Researchers wish to know if the data have collected provide Researchers wish to know if the data have collected provide 
sufficient evidence to indicate a difference in mean serum sufficient evidence to indicate a difference in mean serum 
uric acid levels between normal individuals and individual uric acid levels between normal individuals and individual 
with Downwith Down’’s syndrome. The data consist of serum uric s syndrome. The data consist of serum uric 
reading on 12 individuals with Downreading on 12 individuals with Down’’s syndrome from s syndrome from 
normal distribution with variance 1 and 15 normal individuals normal distribution with variance 1 and 15 normal individuals 
from normal distribution with variance 1.5 . The mean arefrom normal distribution with variance 1.5 . The mean are             

                                                              andand    αα=0.05.=0.05.
Solution:Solution:
1. 1. Data:Data: Variable is Variable is serum uric acid levelsserum uric acid levels, n, n11=12 , n=12 , n22=15, =15, 
σσ22

11=1, =1, σσ22
22=1.5  ,=1.5  ,αα=0.05.=0.05.

100/5.41 mgX = 100/4.32 mgX =
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2. 2. Assumption:Assumption: Two population are normal, Two population are normal, σσ22
1 1 , , σσ22

22
are knownare known

3. 3. Hypotheses:Hypotheses: HH00:   :   µµ 11 == µµ2         2         →→ µµ 11 -- µµ22            =  0=  0    

HHAA:  :  µµ 1  1  ≠≠ µµ 2           2           →→ µµ 1   1   -- µµ 2      2      ≠≠ 00

4.Test Statistic:4.Test Statistic:
=                           = 2.57=                           = 2.57

5. Desicion Rule:5. Desicion Rule:
    Reject H Reject H 00 if Z >Zif Z >Z11--αα/2  /2  or Z< or Z< -- ZZ11--αα/2/2

ZZ11--αα/2= /2= ZZ11--0.05/2= 0.05/2= ZZ0.975=0.975=1.96         (from table D)1.96         (from table D)
66--Conclusion: Conclusion: Reject Reject HH0 0     sincesince    2.57 > 1.962.57 > 1.96
Or if pOr if p--value =0.102value =0.102→→ reject reject HH0 0 if pif p    <<  αα →→ then reject then reject HH0 0 
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Example7.3.2   page 240Example7.3.2   page 240
The purpose of a study by Tam, was to investigate wheelchairThe purpose of a study by Tam, was to investigate wheelchair
Maneuvering in individuals with overManeuvering in individuals with over--level spinal cord injury (SCI)level spinal cord injury (SCI)
And healthy control (C). Subjects used a modified a wheelchair tAnd healthy control (C). Subjects used a modified a wheelchair too
incorporate a rigid seat surface to facilitate the specifiedincorporate a rigid seat surface to facilitate the specified
experimental measurements. The data for measurements of theexperimental measurements. The data for measurements of the
left ischial tuerosity left ischial tuerosity )  )     عظام الفخذ وتأثيرها من الكرسي المتحرك   عظام الفخذ وتأثيرها من الكرسي المتحرك ( ( for SCI and for SCI and 

control C are shown belowcontrol C are shown below

16915011488117122131124115131C

14313011912113016318013015060SCI
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We wish to know if we can conclude, on the We wish to know if we can conclude, on the 
basis of the above data that the mean of basis of the above data that the mean of 
left ischial tuberosity for control C lower left ischial tuberosity for control C lower 
than mean of left ischial tuerosity for SCI, than mean of left ischial tuerosity for SCI, 

equalequalAssume normal populations Assume normal populations 
1.331.33--value = value = --=0.05, p=0.05, pαα. . variancesvariances
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Solution:Solution:
1. 1. Data:Data:, n, nCC=10 , n=10 , nSCISCI=10, S=10, SCC=21.8, S=21.8, SSCISCI=133.1  ,=133.1  ,αα=0.05.=0.05.

,,                                            (calculated from data)(calculated from data)
2.2.Assumption:Assumption: Two population are normal, Two population are normal, σσ22

1 1 , , σσ22
22 are are 

unknown but unknown but equalequal
3. 3. Hypotheses:Hypotheses: HH00:   :   µµ CC == µµ SCISCI →→ µµ CC -- µµ SCISCI    =  0=  0    

HHAA:  :  µµ C  C  << µµ SCI    SCI    →→ µµ C C -- µµ SCI SCI <  0<  0

4.Test Statistic:4.Test Statistic:

Where,Where,

1.126=CX 1.133=SCIX
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5. Decision Rule:5. Decision Rule:
    Reject H Reject H 00 if   T< if   T< -- TT11--αα,(n,(n11+n+n22 --2) 2) 

TT11--αα,(n,(n11+n+n22 --2) = 2) = TT0.95,18 =0.95,18 = 1.7341   (from table E)1.7341   (from table E)

66--Conclusion: Conclusion: Fail toFail to reject reject HH0 0     sincesince  --0.569 < 0.569 < -- 1.73411.7341
OrOr
Fail to reject Fail to reject HH0 0 since    p = since    p = --1.33 1.33 >>    αα =0.05=0.05
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Example7.3.3 page 241Example7.3.3 page 241
Dernellis and Panaretou examined subjects with hypertension Dernellis and Panaretou examined subjects with hypertension 
and healthy control subjects .One of the variables of interest wand healthy control subjects .One of the variables of interest wasas
the aortic stiffness  index. Measures of this variable werethe aortic stiffness  index. Measures of this variable were
calculated From the aortic diameter evaluated by Mcalculated From the aortic diameter evaluated by M--mode andmode and
blood pressure measured by a sphygmomanometer. Physics wishblood pressure measured by a sphygmomanometer. Physics wish
to reduce aortic stiffness. In the 15 patients with hypertensionto reduce aortic stiffness. In the 15 patients with hypertension
(Group 1),the mean aortic stiffness index was 19.16 with a(Group 1),the mean aortic stiffness index was 19.16 with a
standard deviation of 5.29. In the30 control subjects (Group 2),standard deviation of 5.29. In the30 control subjects (Group 2),thethe
mean aortic stiffness index was 9.53 with a standard deviation omean aortic stiffness index was 9.53 with a standard deviation off
2.69. We wish to determine if the two populations represented by2.69. We wish to determine if the two populations represented by
these samples differ with respect to mean stiffness index .we withese samples differ with respect to mean stiffness index .we wishsh
to know if we can conclude that in general a person withto know if we can conclude that in general a person with
thrombosis have on the average higher IgG levels than personsthrombosis have on the average higher IgG levels than persons
without thrombosis at  without thrombosis at  αα=0.01,  p=0.01,  p--value = 0.0559value = 0.0559
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Solution:Solution:
1. 1. Data:Data:, n, n11=53 , n=53 , n22=54, S=54, S11= = 44.8944.89, S, S22= = 34.8534.85 αα=0.01.=0.01.
2.2.Assumption:Assumption: Two population are not normal, Two population are not normal, σσ22

1 1 , , σσ22
22

are unknown and sample size largeare unknown and sample size large
3. 3. Hypotheses:Hypotheses: HH00:   :   µµ 11 == µµ 2     2     →→ µµ 11 -- µµ 22    =  0=  0    

HHAA:  :  µµ 1  1  >> µµ 2     2     →→ µµ 1 1 -- µµ 2   2   >  0>  0

4.Test Statistic:4.Test Statistic:

ٍstandard deviationSample 
Size

Mean LgG levelGroup

44.895359.01Thrombosis
34.855446.61No 

Thrombosis

59.1
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85.34
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5. Decision Rule:5. Decision Rule:
    Reject H Reject H 00 if   Z > Zif   Z > Z11--αα

ZZ11--αα =  =  ZZ0.99  =0.99  = 2.33      (from table D)2.33      (from table D)

66--Conclusion: Conclusion: Fail toFail to reject reject HH0 0     sincesince  1.59 > 2.331.59 > 2.33
OrOr
Fail to reject Fail to reject HH0 0 since    p = 0.0559 since    p = 0.0559 >>    αα =0.01=0.01
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7.5 Hypothesis Testing A single  7.5 Hypothesis Testing A single  
::population proportionpopulation proportion

Testing hypothesis about population proportion (P) is carried ouTesting hypothesis about population proportion (P) is carried out t 
in much the same way as for mean when condition is necessary forin much the same way as for mean when condition is necessary for
using normal curve are metusing normal curve are met

We have the following steps:We have the following steps:
1.1.DataData:: sample size (n), sample proportion(    ) , Psample size (n), sample proportion(    ) , P00

2. 2. Assumptions :Assumptions :normal distributionnormal distribution , , 

p̂

n
a

p == sample in theelement  of no. Total
isticcharachtar some with sample in theelement  of no.

ˆ
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3.Hypotheses:3.Hypotheses:
we have three caseswe have three cases
Case ICase I :: HH00:  P   =  P:  P   =  P00

                                  HHAA:  :  P  P  ≠≠ PP00

Case IICase II :: HH00:  P   =  P:  P   =  P00

HHAA:  :  PP > > PP00

Case IIICase III :: HH00:  P   =  P:  P   =  P00

HHAA:  :  P P < < PP00

4.Test Statistic4.Test Statistic : :

Where Where HH00 is true ,is distributed approximately as the standard is true ,is distributed approximately as the standard 
normalnormal

n
qp
ppZ

00

0ˆ −
=
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5.Decision Rule:5.Decision Rule:
i) i) If  HIf  HAA: P  : P  ≠≠ PP00

Reject   H Reject   H 00 if Z >Zif Z >Z11--αα/2  /2  or Z< or Z< -- ZZ11--αα/2/2

 _______________________  _______________________ 
ii) If  Hii) If  HAA: P> P: P> P00

Reject  HReject  H00 if  Z>Zif  Z>Z11--αα     
__________________________________________________________
iii) If  Hiii) If  HAA: P< P: P< P00

Reject    HReject    H00 if Z< if Z< -- ZZ11--αα

NoteNote: Z: Z11--αα/2/2 , Z, Z11--αα , Z, Zαα are tabulated values obtained from are tabulated values obtained from 
table Dtable D

6.6. ConclusionConclusion: : reject or fail to reject Hreject or fail to reject H00
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2.2. Assumptions :    Assumptions :    is approximatelyis approximately normaly distributednormaly distributed
3.Hypotheses:3.Hypotheses:

we have three caseswe have three cases
HH00:  P   =  0.063:  P   =  0.063

HHAA:  :  PP > 0.063> 0.063

4.Test Statistic 4.Test Statistic ::

5.Decision Rule:   5.Decision Rule:   Reject  HReject  H00 if  Z>Zif  Z>Z11--αα

Where   Where   ZZ11--αα = Z= Z11--0.050.05 =Z=Z0.950.95==    1.6451.645

21.1

301
)0.937(063.0

063.008.0ˆ

00

0 =
−

=
−

=

n
qp
ppZ

p̂
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6.6. Conclusion:  Conclusion:  Fail to reject HFail to reject H00

SinceSince
Z =1.21 > ZZ =1.21 > Z11--αα==1.6451.645

Or , Or , 
If  PIf  P--value = 0.1131,value = 0.1131,

fail to reject Hfail to reject H0   0   →→ P > P > αα
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Example7.5.1 page 259Example7.5.1 page 259
Wagen collected data on a sample of 301 Hispanic womenWagen collected data on a sample of 301 Hispanic women
Living in Texas .One variable of interest was the percentageLiving in Texas .One variable of interest was the percentage
of subjects with impaired fasting glucose (IFG). In theof subjects with impaired fasting glucose (IFG). In the
study,24 women were classified in the (IFG) stage .The articlestudy,24 women were classified in the (IFG) stage .The article
cites population estimates for (IFG) among Hispanic womencites population estimates for (IFG) among Hispanic women
in Texas as 6.3 percent .Is there sufficient evidence toin Texas as 6.3 percent .Is there sufficient evidence to
indicate that the population Hispanic women in Texas has aindicate that the population Hispanic women in Texas has a
prevalence of IFG higher than 6.3 percent ,let prevalence of IFG higher than 6.3 percent ,let αα=0.05=0.05
Solution:Solution:
1.Data:1.Data: n = 301, pn = 301, p00      = 6.3/100=0.063 ,a=24,= 6.3/100=0.063 ,a=24,
qq00      =1=1-- pp00 = 1= 1-- 0.063 =0.937, 0.063 =0.937, αα=0.05=0.05

08.0
301
24ˆ ===

n
ap




