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Statistics for Psychology - PSYCH-UH 1004Q
Exam #1 – Descriptive Statistics and Basic Inferential Statistics

Due 10/30/23 at 11:59pm
113 points, 33% of semester grade

Attention! The exam consists of four parts. 
Please make sure you have completed all four before submitting.



Part 1: Conceptual – Descriptive statistics (30 points)

Instructions. For the conceptual portion of the exam, you will answer 17 questions with short answers on this word document. These do not require long answers. Many can be answered with a single sentence or a single value. There is no need to write full paragraphs or long essays. But please be sure that your sentence or sentences completely answer the question.

You may type directly into this word document and submit it through Brightspace.

***

1. What makes a theory scientific? Your answer might include concepts like causal, predictions, and falsifiability. Please keep it short, perhaps two sentences at most. (2 points)

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

2. What is the difference between the design of an experimental study and an observational study? (2 points)

3. What is the difference between the types of conclusions that can be drawn from an experimental study and an observational study? (2 points)

4. What is the definition of probability from the frequentist perspective? (1 point)

5. What is the definition of probability from the Bayesian/subjective perspective? (1 point)

6. Name one benefit and one drawback of using the mean as a measure of central tendency? (2 points)

7. Name one benefit and one drawback of using the median as a measure of central tendency. (2 points)

8. List the five steps in calculation of the standard deviation, and briefly (like, 1 sentence) explain the reason for each step. (5 points)

a.
b.
c.
d.
e.


9. In what way are parameters and statistics the same? And in what way are they different? (2 points)

10. List the two steps in the calculation of a z-score, and briefly explain what each step achieves. (2 points)

a.
b.

11. What is the mean and standard deviation of a standard normal distribution? (2 points)

a. mean:
b. standard deviation: 

12. What makes the standard normal distribution useful to us in statistics? (1 point)

13. What is the sampling distribution of the mean? (1 point)

14. How does the mean of the sampling distribution of the mean differ from the population mean? (1 point)

15. How does the standard deviation of the sampling distribution of the mean differ from the population standard deviation? (1 point)

16. Create a new example from the real world (not one that we used in class) that illustrates that the order of a conditional probability matters, i.e., that p(a|b)≠p(b|a). (2 points)

17. What is the numerical value of the area under the curve of any probability density function? (1 point)

Part 2: Conceptual – t-tests (33 points)

Instructions. For this portion of the exam, you will answer 20 questions with short answers on this word document. These do not require long answers. Many can be answered with a single sentence or a single value. There is no need to write full paragraphs or long essays. But please be sure that your sentence or sentences completely answer the question.

1. What is a null hypothesis? (1 point)

2. What is an alternative or experimental hypothesis? (1 point)

3. In your own words, describe the four steps to the logic of null hypothesis testing (the three steps of the mathematical part of NHT, and the logical step). This is not about a specific statistical test, just the basic logic of null hypothesis testing. (4 points)

4. Please describe Fisher's disjunction for the interpretation of small p-values. (2 points)

5. What is the critical concept (or idea) that the Neyman-Pearson approach adds to NHT? (1 point)

6. What is an alpha level? (1 point)

7. What is a Type I error? (1 point)

8. What is a Type II error? (1 point)

9. Imagine that a researcher has the following hypothesis: Transcranial magnetic stimulation (TMS - magnetic fields applied to the brain!) could either increase participant's speed on a memory recall task, or it could decrease participant's speed on the memory task. Should they run a one-tailed or a two-tailed statistical test of their data? (1 point)

10. Why is Bessel's correction necessary when you want to estimate the variance of a population from a sample? (1 point)

11. Let's say you collected one observation in an experiment from each of 25 participants. How many degrees of freedom do you have in the data set before you do any statistical analysis? (1 point)

12. Now, let's say that you have calculated the mean of the 25 observations. Let's say the mean is 5 on a 7-point scale. How many degrees of freedom do you have in this data set now? (1 point)

13. Describe in your own words how the shape of the distribution of the t-statistic differs from a normal distribution for small sample sizes. (1 point) 

14. For each test (z-test, one-sample t-test, and independent samples t-test) select one box that indicates which information about the population must be known to run that test. (3 points)

z-test:

The mean of the population under the null hypothesis is known			          ⃞  

Both the mean and standard deviation of the population under the			          ⃞  
null hypothesis are known

Neither the mean nor the standard deviation of the population under		          ⃞     
the null hypothesis are known

One-sample t-test:

The mean of the population under the null hypothesis is known			          ⃞  

Both the mean and standard deviation of the population under the			          ⃞  
null hypothesis are known

Neither the mean nor the standard deviation of the population under		          ⃞  
the null hypothesis are known


Independent samples t-test:
The mean of the population under the null hypothesis is known			          ⃞  

Both the mean and standard deviation of the population under the			          ⃞  
null hypothesis are known

Neither the mean nor the standard deviation of the population under		          ⃞         
the null hypothesis are known


15. Here are four statements about confidence intervals. Please mark each as either true or false: (4 points)

	a. Imagine you are looking at a specific confidence interval that you have calculated. There is a 95% chance that the mean is within this specific confidence interval.
	
	T      F

	b. The specific values in this specific interval are more likely to be correct than the values outside of it.
	
	T      F

	c. If a value is outside of the CI, a (two-tailed) t-test would not be significant at the equivalent alpha level (95% = 5% alpha) for a population mean of that value.
	
	T      F

	d. The procedure for drawing CIs means that 95% of the CIs drawn this way will contain the population mean.
	
	T      F



16. What is the difference between statistical significance and practical significance? (2 points)

17. What is statistical power? (1 point)

18. What is the relationship between statistical power and the Type II error rate (symbolized by β)? (1 point)

19. What are the four properties of a statistical test that affect statistical power? (4 points)

20. In practice, which property that affects statistical power is actually under our control as experimentalists? (1 point)

Part 3: Practical – Descriptive Statistics (18 points)

Instructions. For this portion of exam 1, you will use your knowledge of descriptive statistics to analyze a real experiment that I once ran.

This experiment asked participants to judge the grammaticality of two types of sentences on a scale from 1 (ungrammatical) to 7 (grammatical). The two sentence types are labeled as "grammatical" and "ungrammatical" in the data set. Here are examples of the sentence types in case it helps you to imagine the experiment:

grammatical: 	What did you think that Lisa invented?
ungrammatical: 	What did you wonder whether Lisa invented?

For this part of the exam, you will need to use R, but you do not have to submit the R code. You simply need to answer the questions here.

***

1. Load the data set called descriptive.study.csv into R and save it as a variable. Look at the data frame. (4 points: 1 point for each of the questions below)

a. Is this data set in long format or wide format?
b. What is the column name of the independent variable?
c. What is the column name of the dependent variable?
d. What type of measurement scale is the dependent variable?

2. Calculate the means for the two conditions separately. You can use the R function subset() to isolate the rows for one condition at a time, and then use the R function mean() to calculate the mean. You can then repeat the process for the other condition. Write the two means here. (2 points: 1 point for each of the outputs below)

a. grammatical mean:
b. ungrammatical mean:

3. Calculate the standard deviations for the two conditions separately. You can use the R function subset() to isolate the rows for one condition at a time, and then use the R function sd() to calculate the standard deviation. Write the two standard deviations here. (2 points: 1 point for each of the outputs below)

a. grammatical sd:
b. ungrammatical sd:

4. Calculate the standard errors for the two conditions separately. There is no built-in function in R for standard error, so you will have to implement the equation for it from lecture in R. Write the results here. (2 points: 1 point for each of the outputs below)

a. grammatical se:
b. ungrammatical se:

5. Apply the z-score transformation to the ungrammatical condition. Do not use the built-in scale() function that calculates z-scores for you. Instead, do it by writing your own commands based on the formula for z-scores. As you know, it is only two steps. Answer the following questions: (4 points: 1 point for each of the questions below)

a. What is the mean of the ungrammatical condition after the z-score transformation?

b. What is the standard deviation of the ungrammatical condition after the z-score transformation?

c. What is the standard error of the ungrammatical condition after the z-score transformation?

d. Did you need to apply the z-score transformation to the ungrammatical condition to answer the questions in 5a-5c?


6. The two plots below show the distributions of the judgments in the two conditions. The person who made the plots made two mistakes according to the principles we have learned for making useful plots. Identify the two mistakes (the order does not matter) and say what the person should have done instead: (2 points: 1 for each mistake)

[image: ]
a. mistake 1: 
b. mistake 2: 

7. The two plots below show the means of each condition along with two different types of error bars. One plot uses the standard deviation for the error bars, and the other uses the standard error. Your job is to identify which is which. (2 points: 1 for each plot)


[image: ]

a. The error bars in Plot A are:
b. The error bars in Plot B are:

Part 4: Practical – t-tests (32 points)

Instructions. For this section, you will practice analyzing three studies. For each study, read the description, and then perform the analysis steps or answer the questions in the numbered items below the description.

Study 1. 
A researcher is interested in understanding the best way to study for exams - either one short study period right before the test, or repeatedly studying for short periods over several days. To test this, they decide to use a free recall task in which participants are shown a list of 10 words, and must recall as many as possible. Previous research has shown that given 1 minute to study in one session before the test, people can remember, on average (the mean), 6 words out of the list of 10. The researcher has a hypothesis that studying repeatedly over three consecutive days will increase participants' performance on the task. The researcher recruits a sample of 20 participants, and brings them into the lab on three consecutive days to study the list of 10 words for 1 minute each time. On the fourth day, the participants are given the recall task.

The CSV file study.1.csv contains the results of the experiment. Please use this file and the description above to perform the analyses requested.

1. Create a bar plot of the mean of the results. Add error bars that represent 1 standard error in either direction. Make sure the axis labels and axis scales are meaningful and appropriate. You can use R or draw it by hand. Place the plot image here in the word document. You do not need to submit the R code. (3 points)

2. Which statistical test is most appropriate for this experiment? (1 point)

3. Should it be a one-tailed or two-tailed test? (1 point)

4. Write the formula for this statistical test here. (3 points)

5. Run the statistical test. You can do it by hand or use R. Report the following: (3 points)

The value of the test statistic: 
The degrees of freedom: 
The p-value associated with the test statistic: 

6. Would you reject the null hypothesis in this case or not? (1 point)


Study 2.
A researcher is interested in understanding the "bilingual advantage" - the claim that bilingual participants tend to perform better on some memory tasks than monolingual participants. They decide to use a free recall task in which participants are shown a list of 10 words, and must recall as many as possible. The researcher has a hypothesis that bilingual participants will perform better than monolingual participants. The researcher recruits two groups of 20 participants each - one group consists entirely of monolingual participants, and the other group consists entirely of bilingual participants.

The CSV file study.2.csv contains the results of the experiment. Please use this file and the description above to perform the analyses requested.

1. Create a bar plot of the means of the two groups. Add error bars that represent 1 standard error in either direction. Make sure the axis labels and axis scales are meaningful and appropriate. You can use R or draw it by hand. Place the plot image here in the word document. You do not need to submit the R code. (3 points)

2. Which statistical test is most appropriate for this experiment? (1 point)

3. Should it be a one-tailed or two-tailed test? (1 point)

4. Write the formula for this statistical test here. (1 point)

5. Run the statistical test. You can do it by hand or use R. Report the following: (3 points)

The value of the test statistic: 
The degrees of freedom: 
The p-value associated with the test statistic:

6. Would you reject the null hypothesis in this case or not? (1 point)


Study 3.
A researcher is interested in understanding the effect of practice on memory tasks. They decide to use a free recall task in which participants are shown a list of 10 words, and must recall as many as possible. The researcher has a hypothesis that practice on the task will allow participants to perform better. The researcher recruits one group of 20 participants. The researcher invites them to the lab on the first day to take a recall task. The researcher records the results of that task as the "no practice" condition. The researcher then instructs them to practice the task twice per day for three consecutive days, and then return to the lab to be tested a second time. The researcher records the results of the second in-lab test as the "after practice" condition. The researcher then calculates difference scores for each participant by subtracting “no practice” from “after practice”.

The CSV file study.3.csv contains the results of the experiment, including the differences scores. Please use this file and the description above to perform the analyses requested.

1. Create a bar plot of the mean of the difference scores. Add error bars that represent 1 standard error in either direction. Make sure the axis labels are meaningful and appropriate. Since this is a difference score plot, you can set the y-axis range to a number smaller than the full range. Perhaps 0 to 4. You can use R or draw it by hand. Place the plot image here in the word document. You do not need to submit the R code. (3 points)

2. Which statistical test is most appropriate for this experiment? (1 point)

3. Should it be a one-tailed or two-tailed test? (1 point)

4. Write the formula for this statistical test here. (1 point)

5. Run the statistical test. You can do it by hand or use R. Report the following: (3 points)

The value of the test statistic:
The degrees of freedom:
The p-value associated with the test statistic:

6. Would you reject the null hypothesis in this case or not? (1 point)
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