

PSY230		FallB2018
M3 Assignment

General instruction:
1. Complete the Practice Problem first, if you have not done so. It will help you become proficient in answering the questions here.
2. Check out the “Assignment Guides” in the Navigation menu in Blackboard to see how to properly show your math work, instruction on essential procedures in Word and Excel, and APA formatting examples.
3. Use this document to fill in the answers to the questions. You must type out a clear answer to each question, even if the answer is also contained in the Excel file submitted to show work.

Q1. Hypothesis testing using a Z test (14 points)
A professor has been teaching introductory statistics for many years and the final exam performance has been very consistent from class to class and the scores have been normally distributed. Overall, the whole data base (i.e. population) of final exam scores has a mean (μ) of 28 points and a standard deviation (σ) of 6 points.

This Spring, the professor decided to allow two attempts (instead of just one attempt) so students could get familiar with the question type and format. No feedback on the answers was provided after the first attempt and the questions were drawn randomly from a larger question pool for each attempt. The professor wonders if the students actually performed “significantly” differently with two attempts, so she wants to run a Z test comparing the Spring class to the past population of scores. 

Without predicting a direction for any potential difference, the professor sets out to run a two-tailed test with α = .05. She calculated the mean of the final exam scores to be 29.5 points, from the Spring class of 64 students.

a. Identify the dependent variable for this study (1 point) 

The dependent variable is the Final Exam Score

b. Hypothesis testing is always about making inferences about the populations. The Spring class is considered a sample. What is the population from which this sample has been drawn? (1 point)

All students included in the whole data base of final exam scores

c. State your null hypothesis and alternative hypothesis using both words and statistical notation (2 points total.  Each hypothesis is 1 point, with .5 for the written and .5 for the notation) 
Hint: The Z test is two-tailed so the hypotheses should be non-directional.

Notation:

H0: 

H1: 

Words:

H0: With two attempts instead of just one attempt in the final exam, scores in this Spring are not significantly different from past population of scores.


H1: With two attempts instead of just one attempt in the final exam, scores in this Spring are significantly different from past population of scores.



d. Calculate standard error (SE, which is the standard deviation of the sampling distribution) (2 points total: 1 if the process is correct but the result was calculated incorrectly)






e. Calculate the Z statistic (which indicates where our sample mean is located on the sampling distribution) (2 points total: 1 if the process is correct but the result was calculated incorrectly)






f. Determine the critical value(s) for Z. Explain how you come up with the answer. (1 point: .5 for the answer and .5 for the rationale) 

Since alpha = 0.05, there is exactly 2.5% in each tail. According to the Z table, the area to the right of 1.96 under the Standard Normal Curve is 0.025. By symmetry, the area to the left of -1.96 is 0.025.

Therefore, the critical values are -1.96 and 1.96.

g. Compare the Z statistic with the critical Z value (that is, “is the Z statistic more extreme than the critical Z?”), and then make a decision about the result of the hypothesis test (do you “reject” or “fail to reject” the null hypothesis?) (2 points: 1 for Z statistic comparison; 1 for hypothesis test decision)

The Z statistic has a value of 2 which is more extreme than the upper critical value of 1.96.
Therefore, we reject the null hypothesis.

h. Write 1-2 sentences to answer the research question (you can use the wording from the hypotheses or explain it in another way) (1 point)

This spring, the students performed significantly differently with two attempts instead of just one attempt in the final exam, z = 2.00, p < 0.05.

i. Calculate the standardized effect size for this test. (2 points total: 1 if the process is correct but the result was calculated incorrectly)



standardized effect size = 








Q2. Hypothesis Testing with a Z test (14 points total)
A research institute examined the number of smart phones and tablets connected to the internet in American households and reported a mean (μ) of 4.5 devices per household and standard deviation (σ) of 1.5 devices. But I have a hunch that the numbers might be significantly higher in my city, Chandler, Arizona. To test this idea, I randomly picked 25 friends of mine living in Chandler and asked them how many smart phones and tablets with internet access are in their households. The data set is shown below.

I would like to perform a Z test to see if the number of devices among my friends’ households are significantly higher than the national average. The significance level for my Z test was set at α = .01. The test should be one-tailed because I am hypothesizing a significant difference in a specific direction between Chandler and the national norm.

	Subject # (Household)
	# of mobile devices

	1
	6

	2
	4

	3
	7

	4
	4

	5
	6

	6
	8

	7
	5

	8
	5

	9
	5

	10
	5

	11
	4

	12
	5

	13
	6

	14
	5

	15
	3

	16
	6

	17
	2

	18
	5

	19
	6

	20
	5

	21
	5

	22
	6

	23
	3

	24
	4

	25
	5



a. What is the dependent variable in this study? (1 point)

      The dependent variable is the number of smart phones and tablets connected to the internet per household.

b. What should be my null and alternative hypotheses? State each hypothesis using both words and statistical notation. (2 points total. 1 for each hypothesis: .5 for written, .5 for notation)
Hint: My research question is whether the households like those of my friends have more mobile devices in their households compared to the general population, so the hypotheses would be directional. 

Notation:

[bookmark: _GoBack]H0: 

H1: 

Words:

H0: The number of devices connected to the internet per household in the city of Chandler, Arizona is not significantly higher than the national average.

H1: The number of devices connected to the internet per household in the city of Chandler, Arizona is significantly higher than the national average.



c. Calculate the sample mean. (1 point total: .5 if the process is correct but the result was calculated incorrectly)



Sample mean, 

d. Calculate standard error using the population standard deviation σ given in the research scenario (SE, which is the standard deviation of the sampling distribution) (2 point total: 1 if the process is correct but the result was calculated incorrectly)







e. Calculate the Z statistic (which indicates where our sample mean is located on the sampling distribution) (2 point total: 1 if the process is correct but the result was calculated incorrectly)






f. Determine the critical Z value(s). Explain how you find the answer. (1 point: .5 for the Z value, .5 for the rationale) 

According to the Z table, the area to the right of 2.33 under the Standard Normal Curve is about 0.01.

Therefore, the one-tailed critical value is 2.33


g. Compare the Z statistic with the appropriate critical Z value (is the Z statistic more extreme than the critical Z?), and then make a decision about the result of the hypothesis test (do you “reject” or “fail to reject” the null hypothesis?) (2 points: 1 for Z statistic comparison; 1 for hypothesis test decision)

The Z statistic has a value of 1.67 which does not exceed the critical value of 2.33.
Therefore, we fail to reject the null hypothesis.


h. Write 1-2 sentences to answer the research question (you can use the wording from the hypotheses or explain it in another way) (1 point)

The number of devices connected to the internet among households in the city of Chandler, Arizona are not significantly higher than the national average, z = 1.67, p > 0.01.


i. Calculate the standardized effect size (2 point total: 1 if the process is correct but the result was calculated incorrectly)



standardized effect size = 



Q3. Hypothesis Testing with a Z Test (12 points)
According to the CDC report, the mean life expectancy in the US population is currently (µ) 78.74 years with a standard deviation (σ) of 15. A researcher in the City of Phoenix examined the age of death of 400 people recently recorded in several local hospitals and calculated the mean to be 77.5 years old. He runs a two-tailed Z test with α = .05 to see if the City of Phoenix has a significantly different life expectancy compared to the US norm. 

a. Calculate standard error (SE, which is the standard deviation of the sampling distribution) (1 point total: .5 if the process is correct but the result was calculated incorrectly)




    




b. Calculate the Z statistic (which indicates where our sample mean is located on the sampling distribution) (1 point total: .5 if the process is correct but the result was calculated incorrectly)







c. Determine the critical Z value(s). Explain how you find the answer. (1 point: .5 for the Z value, .5 for the rationale) 

Since alpha = 0.05, there is exactly 2.5% in each tail. According to the Z table, the area to the right of 1.96 under the Standard Normal Curve is 0.025. By symmetry, the area to the left of -1.96 is 0.025.

Therefore, the critical values are -1.96 and 1.96.



d. Compare the Z statistic with the appropriate critical Z value (is the Z statistic more extreme than the critical Z?), and then make a decision about the result of the hypothesis test (do you “reject” or “fail to reject” the null hypothesis?) (1 points: .5 for Z statistic comparison; .5 for hypothesis test decision)

Since the absolute value of the Z statistic |-1.65| = 1.65 does not exceed 1.96, we fail to reject the null hypothesis.


e. Calculate the standardized effect size. (1 point: .5 if the process is correct but the result was calculated incorrectly)



  standardized effect size = 


f. Write 1-2 sentences to answer the research question (you can use the wording from the hypotheses or explain it in another way) (1 point)

The City of Phoenix does not have a significantly different life expectancy compared to the US norm,
 z = -1.65, p > 0.05.









Answer the following questions based on this alternative scenario: The researcher decided to collected more data in the Phoenix area by recording the age of death from 225 more people, so the sample size became 625 (instead of the original 400). But the mean life expectancy remains the same at 77.5 years. Now he uses this larger sample of data to compare to the national life expectancy norm. How would the change in sample size affect the hypothesis testing result?

g. What is the standard error now? (.5 point) How is it different from the hypothesis test with the smaller sample in question (a)? (.5 point)







As expected, the standard error is now smaller than the previous standard error due to increase in sample size.


h. What is the Z statistic now? (.5 point) How is it different from the hypothesis test with the smaller sample in question (b)? (.5 point)







The magnitude of the Z statistic is now larger |-2.07| > |-1.65| due to increase in sample size.

i. What is the conclusion of the hypothesis test now? (.5 point) How is it different from the hypothesis test result with the smaller sample in question (d)? (.5 point)

Since the absolute value of the Z statistic |-2.07| = 2.07 is more extreme than critical value of 1.96, we now reject the null hypothesis. The decision now is different from the previous decision of not rejecting the null hypothesis.


j. What is the standardized effect size now? (.5 point) How is it different from the effect size with the smaller sample in question (e) above? (.5 point)



  standardized effect size = 
The effect size with the larger sample is the same as the effect size with the smaller sample.

k. Based on the answers to questions g-j, discuss the effects of simply increasing the sample size while everything else remains the same. (1 point) Provide one reason why it is a good idea to have a larger sample for a study. (1 point)

Increasing the sample size will make the standard error larger and will make the Z statistic more extreme while everything else remain the same. However, the increase in sample size does not change the value of the effect size.

It is a good idea to have a larger sample for a study because it makes the hypothesis testing more powerful  by rejecting null hypothesis that is actually false.

Extra Credit Question (2 point)

In hypothesis testing, we either reject the null hypothesis or we fail to reject the null hypothesis, based on the sample statistic. However, we can never say whether the null hypothesis is “actually” (100%) true or not. Why?


The only way to prove or disprove the null hypothesis is to actually compute the population mean . However, due to time constraint, budget and other factors, we usually based our decision on the sample, so we either reject the null hypothesis or fail to reject the null hypothesis and there is a possibility that our decision is not correct. Specifically, if we reject the null hypothesis even if it is true then we committed a Type I error.  On the other hand, if we fail to reject the null hypothesis even if it is false, then we committed a Type II error. 
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