PSY230		SummerB2020
M4 Assignment (30 points)

General instruction:
1. Use this Word 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) One-Sample t-Test (11 points total)
I am shopping for a new sedan and would like to get one with excellent miles per gallon (MPG). I heard that Japanese cars tend to be more fuel efficient than American cars, so I collected MPG data on a random sample of 12 Japanese 4-cylinder sedan models (listed in the table below) to be compared to the American car statistics. I would like to see if there is a significant difference, in either direction, between Japanese sedans and American sedans. The US Environmental Protection Agency reported that the average MPG for American sedans in 2017 is  = 29. I set the significance level at α = .10 for a two-tailed hypothesis test.

Hint: Because we know the population mean for the American cars but not the standard deviation, we cannot conduct a Z test but should perform a one-sample t-test instead.

	Japanese car model
	MPG

	1
	32

	2
	30

	3
	27

	4
	36

	5
	35

	6
	28

	7
	32

	8
	28

	9
	32

	10
	28

	11
	32

	12
	32



a. Information about the hypothesis test:
- What is the dependent variable in this hypothesis test? (.5 point)

The dependent variable is MPG

- What is the “sample” for this one-sample t test? (.5 point)
Sample is the 12 Japanese 4-cylinder sedan models collected for this study.

- What is the target population represented by the sample? (.5 point) 
The target population is all Japanese 4-cylinder sedan models.

- What is the comparison population? (.5 point)
The comparison population is the American 4-cylinder sedan models. 

b. What would be the null and alternative hypotheses in both words and symbol notations for my analysis? (1 point total: .5 for null and .5 for alternative. Both the written format and symbol notation must be correct to get the .5 for a hypothesis)
h0: mean mpg of Japanese 4-cylinder sedan models equals to 29.
H1: mean mpg of Japanese 4-cylinder sedan models is not equal to 29.

c. Calculate the sample mean. (1 point: .5 if process is correct but answer is wrong)
sample mean = (total mpg)/ sample size
                         = 372/ 12
                         = 31


d. Estimate the standard deviation of the population from which the sample was drawn (1 point: .5 if process is correct but answer is wrong)
Sample standard deviation = 2.86

e. Calculate the standard error (standard deviation of the sampling distribution) (1 point: .5 if process is correct but answer is wrong)
standard error = (sample standard deviation) / sqrt(sample size)
                           = 
                          =0.8256

f. Calculate the t statistic for the sample (1 point: .5 if process is correct but answer is wrong)
test statistic = 
                      =2.42

g. Figure out the degree of freedom (.5 point), and then determine the critical t value(s) (.5 point) based on the type of test and the preset alpha level. 
df = 11
critical t-values = -1.7959, 1.7959

h. Compare the t statistic with the critical t value. Is the calculated t statistic more extreme or less extreme than the critical t value? Based on this comparison, do we “reject” or “fail to reject” the null hypothesis? (1 point total: .5 for each answer)
the test statistic lies above the calculated critical values hence its more extreme. This implies that we reject the null hypothesis. 

i. Interpret the result in 1 sentence to answer the research question (you may use the wording of the hypothesis or explain it in your own words). (1 point)
The result implies that mean mpg of Japanese 4-cylinder sedan models is not equal to 29.
j. Calculate the standardized effect size of this hypothesis test (1 point: .5 if process is correct but answer is wrong)
effect size = .0339

Q2) Paired-Samples t Test (11 points)
A research project has been tracking the health and cognitive functions of the elderly population in Arizona. The table below shows the memory test scores from some elderly residents, tested first when they were 65 years old and again when they were 75 years old. The researcher wants to know if there is a significant decline in memory functions from age 65 to age 75 based on this sample. In other words, it is hypothesized that the memory score at age 75 is significantly lower than the memory score at age 65. So the null and alternative hypotheses should be directional. The alpha level was set at α = .05 for a one-tailed hypothesis test. 

	
	Memory score

	Subject
	Age 65
	Age 75

	1
	62
	65

	2
	95
	88

	3
	55
	56

	4
	90
	89

	5
	98
	90

	6
	73
	75

	7
	73
	70

	8
	71
	70

	9
	82
	80

	10
	66
	62



a. Identify the dependent variable (this is the outcome measure) and the independent variable (this is what differentiates the two groups of data points being compared). (1 point total: .5 for DV, .5 for IV)
dependent variable = memory score
Independent variable = age

b. Explain why a paired-samples t test is appropriate for answering this research question. (.5 point)
paired-samples t test is appropriate because the data is for the sample group tested at different time. The study participants are same for the two times the data is collected. 

c. What would be the null and alternative hypotheses in both words and symbol notations? (1 point total: .5 for each hypothesis. Both the written form an the symbol notation need to be correct to get the .5 point for a hypothesis)
h0: memory score at the age of 75 is equal to the memory score at the age of 65 years.
H1: memory score at the age of 75 is less than the memory score at the age of 65 years.
Using symbols
H0: u1 – u2 = 0
H1: u1 – u2 < 0
Whereby u1 is mean memory score at 75 years while u2 is mean memory score at 65 years. 
d. Calculate the difference score by subtracting each “Age 65” score from the associated “Age 75” score for each subject. Fill in the column in the table below for “difference score.” (1 point total: deduct .5 for each error up to 1 point.)

Hint: The difference score is calculated as (age 75 minus age 65), so a negative number indicates a decline in memory performance, which is the researcher’s hypothesis.

	Subject
	Difference score 
(Age 75 minus Age 65)

	1
	3

	2
	-7

	3
	1

	4
	-1

	5
	-8

	6
	2

	7
	-3

	8
	-1

	9
	-2

	10
	-4



e. Calculate the mean from the sample of difference scores (1 point total: .5 if process is correct but answer is wrong)
mean = -2

f. Estimate the standard deviation of the population of difference scores (1 point total: .5 if process is correct but answer is wrong)
estimated standard deviation = 3.6209

g. Calculate the standard error (standard deviation of the sampling distribution) (1 point total: .5 if process is correct but answer is wrong)
standard error = standard deviation / sqrt (sample size)
                           = 
                           = 1.145

h. Calculate the t statistic for the sample of difference scores (1 point total: .5 if process is correct but answer is wrong)
test statistic = 
                      = -1.747
i. Figure out the degree of freedom, and then determine the critical t value(s) based on the type of test and the preset alpha level. (1 point total: .5 for df, .5 for critical t value)
Degrees of freedom = 9
Critical t values = -1.833

j. Compare the t statistic with the critical t value. Is the calculated t statistic more extreme or less extreme than the critical t value? Then make a decision about the hypothesis test, stating explicitly “reject” or “fail to reject” accordingly. (1 point total: .5 for each answer) 
The t statistic is more extreme than critical value hence we fail to reject the null hypothesis. 

k. Interpret the result in 1 sentence to answer the research question (you may use the wording from the hypothesis or explain it in your own words) (.5 point)
the story implies that memory score at the age of 75 is not less than that of age 65.

l. Calculate the standardized effect size of this hypothesis test (1 point: .5 if process is correct but answer is wrong)
effect size = (m2 – m1)Sdpooled
M2 = 76.5
M1 = 74.5
S2 = 14.3546
S1 = 11.9838
SdPooled =sqrt( )
                 = 13.22
Effect size = 
             = 0.1513

Q3. Paired-samples t test (8 points)
In a cognitive psychology experiment, the researcher is interested in whether encoding condition has an effect on memory for a list of words. She recruits 16 subjects to participate in the experiment. Each subject comes to the lab twice to be tested in two different encoding conditions and their memory performance scores are listed below. The researcher would like to leave the hypothesis non-directional without predicting which encoding condition would lead to better memory, and she sets the significance level at α = .05 for a two-tailed test.

	Subject ID
	Encoding A
	Encoding B

	1
	87
	85

	2
	80
	81

	3
	80
	78

	4
	76
	78

	5
	86
	87

	6
	78
	70

	7
	83
	80

	8
	82
	79

	9
	92
	90

	10
	90
	85

	11
	80
	81

	12
	80
	76

	13
	76
	76

	14
	89
	87

	15
	80
	74

	16
	90
	90



a. Identify the dependent variable (this is the outcome measure) and the independent variable (this is what differentiates the two groups of data points being compared). (1 point total: .5 for DV, .5 for IV)
Dv = memory
IV = encoding condition 

b. What would be the null and alternative hypotheses in both words and symbol notations? (1 point total: .5 for each hypothesis. Both written form and symbol notation need to be correct to get the .5 point for the hypothesis)
h0: both encoding will lead to same memory
h1: both encoding will lead to different memory
using symbols
H0: u1 – u2 = 0
H1: u1 – u2 ≠ 0

Perform the steps below to get the t statistic for the sample: 

c. Calculate the mean of the difference scores. (1 point: .5 if process is correct but answer is wrong)
mean = 2

d. Estimated population standard deviation (1 point: .5 if process is correct but answer is wrong)
population standard deviation = 2.7157

e. Standard error (1 point: .5 if process is correct but answer is wrong)
standard error = 
                           = 0.6789

f. Calculated t statistic (1 point: .5 if process is correct but answer is wrong)
test statistic = 
                      = 2.95

With the calculated t statistic, perform the following steps to conclude the hypothesis test.

g. Critical t value (.5 point)

= -2.131, 2.131
h. Make a decision about the hypothesis test, stating explicitly “reject” or “fail to reject” accordingly. (.5 point) 

reject the null hypothesis

i. Calculate the standardized effect size of this hypothesis test (1 point: .5 if process is correct but answer is wrong)

effect size = 
[bookmark: _GoBack]                    = 0.0654

