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is article is envisioned to form a base upon
which a full-blown exhaustive discussion of
hypothesis-testing could take place.

Statistical inference isthe process of generating
conclusions or generalizations about certain
characteristics of the population on the basis of
information obtained from asample. Statistical inference
can be conducted intwo ways:. by interval estimation of
parameters and by testing the statistical hypothesis on
parameters. These are actually reverse processes much
like addition and subtraction or multiplication and division
inarithmetic or differentiation and integrationin calculus.

The following discussion is limited to the
hypothesis-testing procedures applied to a selected batch
of parameters such as (1) the population mean, y, and
(2) the population proportion, 7z, for one-sample tests of
significance; (3) the difference of two popul ation means,
M, - 4, , forindependent samplesand (4) the difference
of two population proportions, 7z - 11,, for two-sample
tests.

A statistical hypothesisis a statement about the
numerical value of a population parameter.

There are six steps involved in the hypothesis-
testing procedure, as shown in Figure 1.

Step 1. Statethenull hypothesis, H

Thenull hypothesisisusually the hypothesisthat the re-
searcher wants to gather evidence against or is the hy-
pothesisto betested. TheH_carriesthe symbol =; or at

Step 1: State the null hypothesis,

H,.

v
Step 2: State the alternative
hypothesis, H, .

v

Step 3: Specify the level of
significance, a .

\ 4

Step 4: Deter mine the critical
region and the appropriate test
statistic.

Step 5: Compute the equivalent
test statistic of the observed value
of the parameter .

A 4

Step 6: Make your decision either
REJECT H, or ACCEPT H,.

Figurel. TheHypothesistesting procedure
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certain times bear two symbols such
as= or <, thus, making H, compos-
itein nature.

Step 2: State the Alternative hy-
pothesis, H.,

The alternative hypothesis is
usually the hypothesis for which the
researcher wantsto gather supporting
evidence by way of observation that
could be obtained from his sampling
experiment.

Thealternative hypothesisisthe
opposite of the null hypothesis. For
atwo tailed test, the symbol used in
the H_ statement is # and for a one-
tailed test, it iseither < or >. The
alternative hypothesis carries only
one symbol at all times.

Step 3: Specify the level of
significance, a.

The significance level, denoted
by a, isthe probability of committing

a Type | Error: that of rejecting a
null hypothesis which is, in reality,
true.

Step 4: Deteminethecritical region
and theappropriatetest statistic.

The critical region is the
rejection areafor the null hypothesis.
The regjection region covers a total
areaequal to a .

The appropriate test statistic is
the standardized score of the sample
statisticwhosesinglecritical valuefor
aone-tailed test of significance or two
critical values for a two-tailed test
determines the boundary/boundaries
between the acceptance and rejection
regionsfor H . Thetest statistic could
be Z ,t, %% F,etc. depending on
the appropriate sampling distribution
of thesamplestatisticto beused. The
critical value of the test statistic can

be read from the statistical tables.

Step 5: Computetheequivalent test
statistic of the obser ved value of the
parameter.

The computed value of the test
statistic can be generated from an
appropriate formula as determined
from the given conditions of the sta-
tistical experiment.

Step 6. Makeyour decision either
REJECT H_ or ACCEPT H..
Thenull hypothesis, H., will be

rejected if the computed value of the
test statistic in STEP 5 falls within
the rejection region or accepted, if it
fallswithin the acceptanceregion for
H .

" The following table will
summarize the symbols and
terminol ogiesto be used:

Measure Parameter Statistic (point estimator | Standard error of the
of characteristic (population measure) of parameter) samplestatistic
1. Mean * u X Oy Or Sg
2. Proporation* s

P P g,
3. Differenceof 2 H— H, X — X, Oy, — 0y,
mean** or
Sy -x2
4. Differenceof 2 T —
- o
proportions** 1~ 7% P~ P, P-P2

* applies to one-sample tests
*x appliesto two-sample tests
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A. HYPOTHESIS -TESTING for u :
Case 1. If the population standard deviation, o, is
known, use the standardized test statistic Z.

Ilustrative Problem

The Supreme Restaurant chain claims that the
waiting time of customers for service is normally
distributed with a mean of 3.5 minutes and a standard
deviation of 1.3 minutes. The quality — assurance
department found in a sample of 40 customers at the
hamburger branch in Malate that the mean waiting time
was4.8 minutes. Test the claim onthe mean waiting time
at the 0.05 significancelevel.

Given: [, =3.5 minutes, o =1.3 minutes,
n=40,X =48 minutes, a =0.05

Thesymbol L, representsthe hypothesized or

claimed population mean or true mean. Thereisno
direction implied in the problem with regard to the
parameter of interest which is the population mean
waiting time, thus atwo-tailed test will haveto be con-
ducted.

Compute the standard error of themean o .

o _13min.

g, =—
70

=0.2055min.

<

Two-tailed test on U :
Stepl. H,: p=3.5min.

Thetrue or population mean waiting time of
customers at the Supreme restaurant is 3.5 minutes.

Step2. H,: U #3.5min.
The true mean waiting time of customers at the
Supreme restaurant is not 3.5 minutes.

Step 3. a =0.05

Step 4. OZ= izu/: *Zy= 1%
2

Step 5 Computed
X—-H, _4.8min.—3.5min.
o, 0.2055 min.

X

zZ= = +6.3246

Step 6. Decision: REJECT H

Sampl e evidence showsthat the true mean
waiting time of customers at the Supreme Restaurant is

not 3.5 minutes, at @ =0.05

Swocapriarcs egien

for 1L

TR L IR

Case 2. If the sample standard deviation, s, is known,
or could be known, use the test statistic t.

Ilustrative Problem

Farm and power equipment dealersaretypically
dependent on a primary supplier organization for many
of their business needs. These suppliers often demand
control over many of thedealers' decisions. Todetermine
the degree to which dealers are dependent on suppliers, a
survey of 12 farm and power equipment dealers was
conducted. The study revealed thefollowing dataonthe
total number of suppliersengaged by the dedlers:

4,3,2,2,3,5,2,3,3,4,4,6.
Test the hypothesis that the true mean number of
suppliers engaged by farm and power equipment
dealersexceeds 3, using a 0.01 significance level.

Given: U, =3 suppliers, n=12,
X =3.4167suppliers, s = 1.2401 suppliers

S
S. =

T

=0.3580 supplier
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The X and S valuesarecalculator-generated.

The existence of theword “exceeds” referringto 1, =3
suggests aone-tailed or directional test.

One-tailed test on u;

Stepl. H,: u =3 suppliers
Thetrue mean number of suppliersis3.
Step2. H,: u >3

The true mean number of suppliers exceeds 3.

Thesymbol > isdetermined by comparing the observed
value of themean X to the hypothesized mean value,

Ho -

Step 3. o =0.01

Step4. Crt=+t,, =+, , =+27181

There is only one critical value since thisisa
one-tailed test. The sign of Crtis + because the

critical region is singly located at the upper tail area
of the t - distribution. The df or degree of freedom
isgivenby (n—1).

_3.4167-3

Step 5. Computed t = X~ Ho =1.1640

s, 03580

Crresan i of

! I | X

R plieTs |

Step 6. Decision: ACCEPT H, .
[ ] Sampleevidenceshowsthat thetrue mean number

of suppliersengaged by thedealersis3,at a =0.01.
The popul ation average number of suppliersdoesnot
exceed 3.

B. HYPOTHESIS-TESTING on thedifference

of two population means, L, — U, , for independent
samples:

Case 1. If the population standard deviation, 0, and

o, areknown, usethe z.

Ilustrative Problem

The personnel department of Company A wishes
to comparethe efficiency of workerswho are native-born
with thosewho areforeign-born. Company records show
that the standard deviations for outputs of native-born
and foreign-born workersare 8 and 10, respectively. The
company takes a sample of 32 native-born workers with
amean output of 50 units per worker, and asample of 38
foreign-born workers with amean output of 40 units per
worker. Test to determinewhich group ismore productive,
a a =0.0L

Given:
. Native Born Workers Foreign-born Workers
n =32 n, =38
X, =50 units X, =40 units
o, =8 units o, =10 units

The one-tailed will be done due to the presence
of the words“ more productive’.

2 2 2 2
N :\/8_+(10>
2 \'n n, V32 38

=2.1521
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One-tailed test on 1, — 1, :

Stepl. Hy:p,—p, =0(orHy: p, = 1,)
Thereisno significant difference between thetrue
mean outputs of native-born and foreign-born workers.

Step 2. H,:py—p, >0 (or H,: py > 1y)
The true mean output of native-born workersis
higher than that of foreign-born workers.

The symbol >in H_ is determined by comparing H,
to X, .

Step 3. a =0.01

Step4. Crz=+z, =z, = +2.33

Step 5. Computed: =~ 5
X =

oL = [1A1]

ALCEplance F-:I.'_.IIII.'I
o H

Step 6. Decision: REJECT H, .

[ ] Sample evidence shows that the true mean
output of native-born workers is higher than that of
foreign-born workers, at g = 0.01. Hence, the native-
born workers are more efficient than the foreign-born
workers.

Case 2. If the sample standard deviations, § and S,

areknown and if the samples come from popul ations hav-
ing equal standard deviations or variances, use t.

[llustrative Problem

As a result of recent advances in educational
telecommunications, many colleges and universities are
utilizing instruction by interactivetelevision for “ distance’
education. For example, each semester, Ball State
University televises six graduate business courses to
students at remote off-campus sites (Journal of Education
for Business, Jan/Feb. 1991). To compare the
performance of the off-campus MBA students at Ball
State (who take the televised classes) to the on-campus
MBA students (who havea“live’ professor), atest devised
by the Assembly of Collegiate Schools of Business
(AACSB) was administered to a sample of both groups
of students. (The test included seven exams covering
accounting, business strategy, finance, human resources,
marketing, management information systems, and
production and operations management.) The AACSB
test scores (50 points maximum) are summarized in the
table. Based on these results, the researchers report that
“there was no significant difference between the two
groups of students.”

M ean Standard

Deviation
On-Campus Students 41.93 2.86
Off-Campus Students 44.56 1.42

Source: Arndt, T.L. and LaFollette, W. R. “Interactive television
and the non-traditional student.” Journal of Education for
Business, Jan./Feb. 1991, p.184

Notethe samplesizeswerenot giveninthejournal
article. Assuming 40 students are sampled from each
group, perform the desired analysis. Do you agree with
the researchers findings? Use a = 0.05.

Given:

On-Campus Students Off-Campus Students

n =40 n, =40
X, =41.93 X, = 44.56
s =2.86 s, =1.42
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-1)S2+(n, -1)S?01 10
xl_xz_\/(nl )% ( . )SZ G- +—0O
n+n,-2 oy QO
2 2
_ [(40-1)(286) +(40-1)(142) o1 1[0
40+40-2 40H

=0.5049

Two-tailed test on p, — 4,

Step 1. Ho: =4,
The true mean scores of the On-Campus students
and Off-Campus TV students are equal.

Step2. H,: W #LU,
The true mean scores of the On-Campus students
and Off-Campus TV students are not equal.

Step 3. a =0.05

Step 4. Crt= = tdf,ﬂ

2
The degree of freedom for 2 samplesis(n,, n, - 2).
Hence, df =40+40-2=78

=+, s = +1.9908

Step 5. Computed

X -X. _41.93-44.56
0.5049

t = -5.2090

S x2

Acceptarce Feppon

ter H

1
[i]

| -1.9908
5.2090

+1.9908

Step 6. Decision: REJECT H, .

[ ] Sample evidence shows that the true mean
scores of the On-Campus students and Off-Campus TV
studentsarenot equal, at a =0.05. Or, thereisasignifi-
cant difference between the true mean scores of the two
groups.

C. HYPOTHESIS-TESTING for onepopu-
lation proportion, 17:

Thefollowing testing procedure appliesto bino-
mial or dichotomous distributions and to sampleswhich
arelarge, i.e,, n > 30.

Ilustrative Problem

The Red Grape Wine Company buys thousands
of boxesof grapeseach year. The Red Grape buyer visits
vineyards and samples grapes on thevine. If the sample
convinces the buyer that at least 80% of the total crop of
avineyardisof high wine-making quality, the buyer pur-
chasesthe entire crop. Would the buyer recommend the
purchase of acrop if arandom sample of 600 grapes con-
tains 468 high quality grapes? Use g = 0.05.

Given:

7,=0.80, X = 468, n = 600
x _ 468

p=—=——=0.78
n 600

m(1- 0.80)(0.20

o, :\/ o (1=15) :\/( )(029) _5 0163
n 600

X : number of successesin the sample
n : samplesize
11, : hypothesized population proportion or percentage
p : proportion of successesin the sample
0, standard error of the proportion

A one-tailed test on 71 will be conducted for this
problem due to the presence of thewords “at least 80%".

One-tailed test on 1T:

Step 1. Ho: 71=0.80
At least 85% of the total crop of avineyard is of
high wine-making quality.

Step2. H,: m1<0.80
Less than 80% of the total crop of avineyard is of
high wine-making quality.
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The symbol < in the Ha statement is determined by | '
comparing P to Ty. H, isthe opposite of Ha , Men Women
hence we may complete the symbolsin H, with >. X =40 p
n1 =200 n2 =250
Step 3. a=0.05 — —
Step4. Crz=-2, =24 =-1.65 P =0 p, =0.

Step 5. Computed

=P, _ 0.78-0.80 _ 12947

o 0.0163

p

Acceptance Region
for Ho
+_|l P i E

[

-1.2247

Step 6. Decision: ACCEPT H, .

[ ] Sampleevidence showsthat at least 80% of the

total crop of avineyard isof high wine-making quality, at
a =0.05. Hence, the buyer will purchasetheentirecrop.

D. HYPOTHESIS-TESTING for thediffer-

ence of two population proportions, 77, andr,

This appliesto two-sample cases which have bino-
mial distributions and have large (n > 30) sample sizes.

[lustrative Problem

A random sample of 200 men was selected from
Metro Manila and 40 were found to be in favor of the
divorce bill. A random sample of 250 women selected
from the same place at the same time revealed that 85
were in favor of such a new hill. Is the proportion of
women favoring thedivorcebill higher thanthat of menin
Metro Manila, giventhat a = 0.10?

ComputeTt, , the combined estimate of the two pro-
portions.
— +x, _ 40+85
° n+n, 200+250

=0.2778

Compute 0pl_ P2 the standard error of the dif-
ference of two sample proportions.

pl- p2 0 Th %E nZE

01 10

00 250

= \/0.2778 (1-0.2778)

=0.0425

Thisisaone-tailed test problem, asdetermined from
the directional words: “higher than”.

One-tailed test on 11, - 11!

Stepl. H,: m=m,
The proportions of men and women in Metro Ma-
nilawho are in favor of the divorce bill are the same.

Step2. H,: m<m,

The proportion of men in Metro Manilawho arein
favor of the divorce law islower than that of women.

The symbol <inH_isdetermined by comparing p, to
P,-

Step 3. g =0.10.

Stepd. Cr z = -z, =-2,,, =128
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Step 5. Computed

7= PPy 027030 5500
0.0425

Opi- p2

Acceptance Fegion
for Ha

-3.2641]

Step 6. Decision: REJECT H,

[ ] Sample evidence shows that the proportion of

men in Metro Manilawho arein favor of the divorce hill
islower than that of women, at g = 0.10.

Theforegoing discussion ishoped to provide ause-
ful tool and guide for the teachers and students of basic
statistics. The above presentation was madein acompact
manner. However, the author |ooks forward to a more
detailed one for future uses.
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