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Ch 9.1, 9.3 and 9.4 Hypothesis Test basic

Hypothesis test: (or test of significance) is a procedure based on sample evidence and probability, used to test claim regarding a
characteristic of one or more populations. Characteristic of population proportion (p) and mean () will be covered in this course.

To test a hypothesis, you should state a pair of hypotheses, one that represents the claim and the other, its complement. When one
of these hypotheses is false, the other must be true. The null hypothesis represents currently acceptable truth.

The alternative hypothesis contains opposing viewpoint.

Basic process of a Hypothesis test (p-value method)
1) Identify the claim.
2) Translate the claim in algebraic symbolic form.

3) Identify the null and alternative hypothesis test and write in symbolic form. HO and Ha (or H1) are the symbols for the two
hypotheses.

4) Select a significant level a. (based on seriousness of making a type I error.)

5) Collect a sample and identify the “Type” of hypothesis test in Ha. Determine the sampling distribution (normal or t).
6) Use calculator to find test statistic and p-value.

7) Make conclusion on HO based on p-value.

8) Rewrite the conclusion in simple non-technical term and address the original claim.

Part A: Step 1,2, 3

The claim is about value of a population parameter, we can claim that the parameter is greater, less than, equal to or not equal to a
value. (Note: claim of at most, at least is equivalent to claiming equal.)

a) Since the claim is about population parameter, the symbolic form can be: (p or p) ( <, >, <,>,#, =) a claim value.
b) The null hypothesis is the first assumption we use to calculate probability of the sample we obtained,

so the null hypothesis must be of equality form.

c) The alternative hypothesis is the second assumption that must not overlap (or opposite) with the null hypothesis.
HO: (porp) = (avalue) ;Ha:(porp)is(<,>,#) (avalue); (a value) is value that shows up in the claim.
Ex1: Claim that mean body temperature is less than 98.6°F:
claim: p<98.6 HO:p=098.6 Ha: p <98.6
Ex2. Claim that proportion of red M&M is greater than 10%.
claim: p>0.1; HO0:p=0.1 Ha:p>0.1
Ex3. Claim that mean IQ scores of college professor is different from 100.
claim: p=100;  HO: p =100 Ha: p# 100
Ex4. Claim that mean IQ scores of college student is 105.

claim: p = 105; HO: p =105 Ha: p # 105

Part B: Step 4, 5 and 6:

Common significant level a is 0.05, but if Type 1 error is very undesirable, a lower significant level is better.

If the claim is about p, the sampling distribution is z normal because is normally distributed.

a https://stats.libretexts.org/@go/page/15916


https://libretexts.org/
https://stats.libretexts.org/@go/page/15916?pdf
https://stats.libretexts.org/Courses/Diablo_Valley_College/Math_142%3A_Elementary_Statistics_(Kwai-Ching)/Math_142%3A_Course_Material/10%3A_Chapter_9_Lectures_Notes/Ch_9.1_9.3_and_9.4_Hypothesis_Test_Basic

LibreTextsm

If the claim is about y, the sampling distribution is t or z normal depending on if ¢ is known. According to CLT, Z is normally
distributed if n > 30 or population is Normal.

Obtain a sample and use calculator to find the a “test statistic” and a “p-value”

ar= =l

oy = Test statistic tells the number of SD the sample is from the assumed parameter value assumed in HO.

P-value tells the probability of getting the sample or worse if the assumption of HO is true.

P-value are calculated based the “Type” of test:
Types of Hypothesis Test: (determined by looking at Ha)
—/I\ Left-tail test: when Ha has the form of p < value. p-value is left area of test statistic.
i 2

Sign usod in Hy; -
Laft-taid test

_/\_ right-tail test: when Ha has the form of p > value. P-value is right area of the test statistic.
-

Sign used in H,
Right-taded test

/\_ Two-tail test: when Ha has the form of p # value

Sign used in M,: +

Tt e p-value is twice of area in left or right area from the test statistic.

The online calculator will calculate test statistic and p-value. https://www.statdisk.com/ #/Analysis/Hypothesis Testing

More detail will be covered in Ch 9.5.

Part C: Step 7 and 8:

The conclusion of a hypothesis test is based on the
Rare Event Rule:

“Based on an assumption, if the observed event is very rare (lower than significant level ), we conclude the assumption is properly
not true.”

In a Hypothesis Test, the assumption is HO, the null hypothesis. We determine if the sample is rare based on the assumed claim
population characteristic in HO.

Step 7: If p-value < q, reject null hypothesis. Result is Significant!
If p-value > q, fail to reject the null hypothesis.
[ If p-value is low, the null must go.

If p-value is high, the null will fly.]

Step 8: Make conclusion about the claim.

If the p-value < a: use “there is sufficient evidence...”

If the p-value > «, use “there is not sufficient evidence...
If the claim is HO: Reject HO implies reject the claim.

If the claim is Ha: Reject HO implies support the claim.

Or

Conclusion about the claim
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Conditions Conclusion

Original claim does not include equality and HO is rejected. "There is sufficient evidence to support the claim that .... "

iginal clai incl li HO is fail
Original claim does not include equality and HO is failed to be "There is not sufficient evidence to support the claim that...."

rejected.

Original claim include equality and HO is rejected. "There is sufficient evidence to reject the claim that ... "

Original claim include equality and HO is failed to be rejected. "There is not sufficient evidence to reject the claim that ..."
Note:

“Not sufficient evidence to reject the claim” implies it is plausible that the claim is true.
“Not sufficient evidence to support the claim” implies the claim may not be true.
Ex1. If significant level = 0.05 and p-value = 0.04, what is the conclusion on HO?
Since 0.04 < 0.05, sample is significant, so reject HO.

Ex2. If significant level = 0.05 and p-value = 0.006, what is the conclusion on HO?
Since 0.006 < 0.05, the sample is significant, so reject HO.
Ex3. If significant level = 0.01 and p-value = 0.03, what is the conclusion on HO
Since 0.03 > 0.01, the sample is not significant, so fail to reject HO.
Ex4. If the claim is Ha and you fail to reject HO, what is the claim conclusion?
There is not enough evidence to support the claim.
Ex5. If the claim is HO and you reject HO, what is the claim conclusion?

There is sufficient evidence to reject the claim.

All steps practice:

Ex1. Test a claim that body temperature of adult is less than 98.6°F. Use a = 0.05. A random sample of 38 body temperatures (with
a2 gives a test statistic of t = —2.56 and p-value of 0.0072.

a) Write the claim and hypothesis,
b) Determine the type of distribution used and “type of hypothesis test.” and significant level.
¢) Interpret the meaning of test statistic and p-value.

d) Use p-value to make conclusion about HO and about the claim.

Answer:
a) Claim: p<98.6 HO: p=98.6 Ha: p <98.6
b) Since p is the parameter, o is not known, so use t distribution. Since Ha is “<”, Type of test is left tail.
o =0.05.
c) Test statistic of t = -2.56 means the sample data is 2.56 standard deviation below p1 = 98.6.
p-value of 0.0071 means the probability of having the sample or worse is 0.71% if the real mean is 98.6.

d) Conclusion about HO:

Since p-value < 0.05, reject HO, sample is significant

p-value < o -> use “ there is sufficient evidence”..

Slaim is Ha -> use “ support the claim.”
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“There is sufficient evidence to support the claim that mean body temperature is less than 98.6° F.

Ex2: Claim that proportion of red M&M is greater than 10%. Use o = 0.05. A sample (15 red out of 102 M&M candies) gives a
test statistic of z = 1.91, p-value = 0.0566.

a) Write the claim and hypothesis,

b) Determine the type of distribution used and “type of hypothesis test” and significant level.

c) Interpret the meaning of test statistic and p-value.

d) Use p-value to make conclusion about HO and about the claim.

Answer:

a) claim: p>0.1; HO:p=0.1; Ha:p>0.1

b) a =0.01. Since p is the claim parameter, sampling distribution is normal, z distribution is used.
Since Ha use p > 0.1, Type of test is right tail test.

o =0.05.

) A test statistic of z = 1.91 means the sample proportion is 1.91 times of SD above the mean of p = 0.1.
P-value of 0.0566 means there is 5.66% probability to obtain such as sample if p = 0.1 is true.

d) p-value of 0.0566 > 0.05: fail to reject HO (sample is not significant because the sample is not a rare event.)
Since p-value > o so use “there is not sufficient evidence” statement.

claim is Ha, use “ support the claim”

Final conclusion: there is not sufficient evidence to support the claim that proportion of red M&M is greater than 10%.

Ex3. Claim that IQ scores of college student has a mean equal to 104. Given that o for IQ score is 15. A sample of IQ scores from
40 college students (=106, s = 16) give a test statistic z = 0.84 and a

p-value = 0.1995. Use o = 0.05 to test the claim.

a) Write the claim and hypothesis.

b) Determine the type of distribution used and type of hypothesis test and significant level.
c) Interpret the meaning of test statistic and p-value.

d) Use p-value to make conclusion about HO and about the claim.

Ans:
a) claim: p = 104; HO: 0 = 104; Ha: p # 104

b) Since claim parameter is p but ¢ is known, so use z-Normal distribution. Since Ha has the form of #, the Hypothesis test is a
“Two-tail Test”. a = 0.05.

c) Test statistic z = 0.8432 means the sample is 0.84 times of standard deviation from p = 104.
p-value of 0.1995 means there is 19.95% chance of getting such sample if p = 104 is true.

d) p-value 0.1995 > 0.05, the sample is not a rare event, fail to reject HO, sample is not significant.
P-value > a so, “Use the wording there is not sufficient evidence.”

Claim is in HO, Use “reject the claim” statement.
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Conclusion: There is not sufficient evidence to reject the claim that the college student’s mean IQ is equal to 104. (Conclude that
mean IQ for college student could be 104.)

Ch 9.1, 9.3 and 9.4 Hypothesis Test Basic is shared under a not declared license and was authored, remixed, and/or curated by LibreTexts.
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