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The Method of Hypothesis Testing
1. Introduction

The world is full of statistics now. There is a

long list of statistical researches, such as

opinion polls, TV ratings, Cabinet’ s approval

rating, and academic performance surveys, to name a

few. Indeed, the statistics is useful to grasp

general trends, but if we don” t use it carefully,
I shall

we will miss the facts. In this article,

take up hypothesis testing in statistical methods
and discuss its significance and problens.

2. What is Hypothesis Testing?

Suppose that you toss a coin 10 times and get 7
is more

heads. Then you may think that the coin

likely to land heads, but it is too early to sav

that the coin is biased. But suppose that you toss

the coin more times, say 30 times, and get 21 heads.

Then some of you may suspect that the coin is

biased. It is the method of hypothesis testing that
gives us a certain criterion by which to judge
whether the coin is biased or not.

Hypothesis testing starts from posing a
hypothesis. We have to be careful about how to pose
a hypothesis. Now we would like to claim that the
coin is biased, but first we assume the opposite
i.e., that the coin is fair. This is called a null
hypothesis because we would like to reject it after
all. In contrast, the hypothesis we would like to
claim is called an alternative hypothesis. Then we
find the probability distribution of the number of
heads out of 30 tosses of a coin. In this case it
is a binominal distribution.

Next, we choose a significance level. A
significance level is the probability that is taken
as a criterion of whether or not we reject a null
the significance level at

hypothesis. Let’ s set

5% (or more severely 1% if you like). Then we

find the probability of getting more than or equal
to 21 heads and compare it with the significance
is more

level. If the probability we have found

than the significance level, the case is considered

10

not to be rare under the null hypothesis, so the
null hypothesis is not rejected. On the contrary,
if the probability we have found is less than the
significance level, the case is not considered to
be rare, so the null hypothesis is rejected and the
alternative hypothesis is accepted.
tools in Excel to

Now using statistical

calculate, the probability of getting more than or
equal to 21 heads (p-value) is 2.1% and less than
Thus,

the significance level of 5 % . the null

hypothesis is rejected and the alternative

hypothesis is accepted. This means it is rational

to judge that the coin is biased. In fact, if we
continue to calculate, we find that the probability
of getting more than or equal to 20 heads is less
than the significance level. It' s fair to say that
there is little chance of getting more than or
to 20 heads out of 30 tosses of a coin

the method of

equal
(Rejection region). In other words,
hypothesis testing tells us that, if we get more
than or equal to 20 heads out of 30 tosses of a
coin, it is appropriate to judge that the coin is
biased.

3. An application of hypothesis testing

The method of hypothesis testing is used not only
in an artificial case like a coin toss as seen
above but also in a real life. Suppose that a new
medicine for a disease has been developed. But it
is known that you can recover from the disease by
yourself with the probability of 2/3. After people
who came down with the disease have taken this new
medicine, 73 people have recovered from the discase.
If the medicine were not effective, only about 66
people should recover. So could we conclude from

the fact that 73 people have recovered that the new



medicine is effective?

Let’ s conduct a test by the method of

hypothesis testing. We would like to show that the

new medicine is effective, so the null hypothesis

claims that the new medicine is not effective while
the alternative hypothesis claims that the new

medicine is effective. Using Excel, find the

probability distribution of the number of people

who recover from the disease under the null

hypothesis and set the significance level at 5%.
The probability that 73 out of 100 people recover
10.7 % and than the

by themselves is is more

significance level of 5%. This means that the case

is not so rare that the null hypothesis is rejected.

Then how many people should recover to claim that
the new medicine is effective? When more than or
the probability is less

of 5% . So, if the

equal to 75 people recover,
than the significance level
number of people who recover is more than or equal
to 75,
alternative hypothesis is accepted.
4, The problems of hypothesis testing

the null hypothesis is rejected and the

A significance of hypothesis testing is to give us
an objective criterion by which to judge whether a
hypothesis is rejected or accepted. Indeed, the
criterion given by the method of hypothesis testing
is objective, but we have to note that there is
room the arbitrariness kicks in when we set the

significance level. In some cases, whether the null

hypothesis is rejected or not depends on setting
the significance level at 5% or 1%.

The number of samples also has an effect on
whether the null hypothesis is rejected or not. In
the case of a coin toss as seen above, 7 heads out
of 10 and 21 heads out of 30 have the same ratio of
landing heads. But in the former the null
hypothesis is not rejected because the probability
of getting more than or equal to 7 heads out of 10
is 17.2% and more than the significance level of
5%, whereas in the latter the null hypothesis is
rejected as we have seen ahove.
in a rare case we couldn’ t

Moreover, even

completely deny that it happens. Therefore, there

are some cases in which the null hypothesis is

actually true but we reject it by setting the

significance level too high. This is called Type 1

11

Error. There are other cases in which the null
hypothesis is actually false but we don’ t reject
it by setting the significance level too low. This
is called Type II Error.

There is a method of proof called the proof by
assume the

contradiction. To prove a statement,

contrary to it and derive a contradiction. In some

sense, the method of hypothesis testing is similar
to the proof by contradiction. In hypothesis
testing, however, no matter how small the

we couldn’ t say that there is no
would be hard

probability is,

chance. So, it to say that a

contradiction is derived in a strict sense and to
that  the

This

affirm alternative  hypothesis is

absolutely true. is where hypothesis testing
is different from the proof by contradiction. In
hypothesis testing, a hypothesis remains a
hypothesis to the end.

5. Conclusion

It is worth noting that the method of hypothesis
testing gives us a concrete criterion for judgment
when it is difficult to judge whether a rare case
has accidentally happened or there is some meaning
in its occurrence. By the method of hypothesis

testing, however, we couldn’ t affirm that a
hypothesis is true. Also, depending on how to set
the significance level and the number of samples,
the resulting conclusions are different, that is,
the same hypothesis is rejected or not rejected. In
addition to this, hypothesis testing conceals in
itself the danger that we accept a hypothesis to be
rejected or reject a hypothesis to be accepted.

[Note] hypothesis testing {Kaii#7E null hypothesis

W I {7 @ alternative hypothesis #t & (K i
probability distribution % #Z 4 ffi hinominal
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g ®FH EERER E1EEEGRTIE F ORERETER | RIS MR
%) 1| 3R 98 (k) | 3R12B (&) ~ 48 3R (H) | 4R 58 (%) | 4H148 (K TR%
chas 3 A 2| 4R 6H (k) | 4A16H () ~ 4A 308 (£) | 58 2R (A) | 5A12R (N 8 A%
EHF 100 AR 3| 58 48 (%) | 5148 (£) ~ 58228 (H) | 5A24B (%) | 68 28 (K 9 A%
s }gsoﬁ 4| 6B 1A (k) | 6A11B (+) ~ 6A 268 (A) | 6A288 (%) | 7H 78 (k) 10R%
= 5| 6298 (k) | 78 9H (&) ~ 7H 248 (R) | 7B26H (k) | 8R 4B (K 11R%
e %ﬁ@oﬁ 6| 7H208 (k) | 8A13A (+) ~ 8A28H (A) | 8308 (X) | 9B 88 (K 12B%
7| 8A318 (%) | 9B10A () ~ 9B 258 (A) | 98278 (%) | 10R 6 A (K 1%
8| 98288 (%) |10 8H (£) ~ 10A 238 (H) | 10A25R (k) | 118 38 (K 2A%
9| 11A 28 (%) [11A128 (£) ~ 11A 278 (B) | 11B29A (k) | 12A 88 (X) 2%
10| 11A30H (k%) |[12R10B (£) ~ 1H 3B (X) | 1A 58 (k) | 1A138 (&) 2A%
5 ®TH EEREH F OSBRI 5 DRERATED RIMEHE
1| 38 98 (k) 3A12B(+) ~ 4R 38 (H) | 4B 58 (k)| 4B14H (K TRAX
o . | A 2| 58 4A(K) 5A14B (£) ~ 5A228 (A) | 58 24R (k) | 68 2H (K 9A%
EHF100ABA (4 6A 1A(K 6R11A() ~ 7A24A(A) | B B | SEBEEWIB | 118%
gg }gﬁoﬂ 3| 7TA20B (%) | 88138 (+) ~ 8R28H (A) | 86 308 ()| 98 8H (K 12A%
HEE 4| 9 28H (%) (108 8H (+) ~ 108 23H (H) | 108 258 (k)| 11A 38 (K 2RA%
' %ﬁ }gmﬁ} 5 11A 308 (k) |12R10R () ~ 1A 3A (X) | 1A 58 ()| 1A13A (K 4RF
6| 1A 4B (k) | 1A148 (+) ~ 1B22B(A) | 1B 246 (k)| 2B 2R (K 4R%
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ggghézggﬁg- 2| 58 4H(K) 5B14B (1) ~ 58228 (A) | 58 248 ()| 6R 28 (K 9R%
= 3| 7B208 (k) | 8B13H () ~ 8H28H (H) | 88 308 (k)| 9B 8H (K 12R%
8 4| 9R28A(K 108 8H () ~10B 238 (A) [10R 258 (1) | 118 3A (K) | 2%
mp ) 5405 5| 11A 308 (%) |[12A10A (+) ~ 1A 3B (X) | 1R 5B (K)| 1B 130 (&) 4 A%
HAFERER REOA | 6| 1B 4B(K) | 1B14A (4) ~ 1H228 (A) | 1B 24B (k)| 2R 2R (K 4B%
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