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Instructions on how to answer questions:

• Always write down your code/work so that I can give partial credit
for answers that basically are in the right direction. If you just write the
answer and it turns out to be wrong, I don’t know why it was wrong and
you would lose all the points.

• When I ask you to write text, please keep your answers brief and to the
point.

The maximum number of points is 100.
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In all questions, assume that Type I error (otherwise known as α) is 0.05
unless stated otherwise.

Question 1

[10+10+10+10=40 points]
In the space for answers below, please write down only the key com-

mands for doing the t-test and the linear mixed model. But after the
exam is over, please also email me your code for Question 1 (Email:
vasishth.shravan@gmail.com) with the subject line “Quiz Frequentist
Foundations” and the file name YOURLASTNAME.R.

Download the data-set provided here:
https://tinyurl.com/y3g7lg8u
Then run the following commands to load the lme4 library and to set up your

data for analysis:

library(lme4)

## Loading required package: Matrix

## load data:

dat<-read.csv("E1_data.csv",header=TRUE)

## convert RT to milliseconds:

dat$RT<-dat$RT*1000

## choose critical region:

word_n<-4

## subset critical data:

## use this data in all questions below.

crit<-subset(dat,Position==word_n)

The data consist of a repeated measures experiment comparing two conditions
which are labeled Type 1 and Type 2. The column Sub refers to subject id, and
the column ID refers to item id. RT refers to reading time in seconds (we have
converted it above to milliseconds); NA is missing data. You can ignore the other
columns. This is a standard Latin square design.

(i) Using the data frame called crit above, with RT as a dependent variable,
carry out the appropriate by-subjects t-test to evaluate the null hypoth-
esis that there is no difference between the conditions labeled Type 1 and
2. Write down all the R commands needed to do the appropriate t-test,
and the resulting t-value and p-value. State whether we can reject the null
hypothesis given the results of the t-test; explain why.
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(ii) Now, using the object called crit above as the data frame, fit a linear
mixed model (called M0) with the column called Type coded as sum con-
trasts. Assume random intercepts for subjects and random intercepts for
items (random intercepts are sometimes called varying intercepts—these
terms are synonymous). Write down the linear mixed models command,
and write down the fixed-effects estimates (Intercept and slope) along with
their standard errors. State whether we can reject the null hypothesis given
the results of the t-value shown in the linear mixed model output; explain
why.

(iii) Why do the results of the t-test and the linear mixed model M0 differ?

(iv) The researcher wants to achieve 80% statistical power in a future study.
Based on the available data above, she determines that the standard er-
ror (note: not the standard deviation!) of the difference in means between
the conditions Type 1 and Type 2 is 21. She assumes that the true dif-
ference in means is 30 ms. What is the number of participants (to the
nearest whole number) needed to achieve approximately 80% power? Use
the power.t.test function to compute your answer. Write down the ex-
act power.t.test function specification you used, as well as the number of
participants needed, based on the output of the power.t.test function.

Answer:

(i)

(ii)

(iii)
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(iv)

Question 2

[10 points]
The plot below shows the distribution of the residuals from model M0 plotted

against the standard normal distribution with mean 0 and standard deviation 1.
Explain what the plot tells us about one of the model assumptions of the linear
mixed model M0 that you fit earlier.

(You can ignore the numbers below the plot.)
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Answer:

Question 3

[10+10=20 points]

(i) Using only your estimates (computed in Question 1) of the intercept and
the slope in model M0’s fixed effects output, write down the mean of the
condition labeled Type 1 in the data, and the mean of the condition labeled
Type 2.

(ii) Suppose that the model M0’s output for the fixed effects analysis were as
follows. SO is a sum-coded contrast specification for the conditions labeled
Type.

results

## Estimate Std. Error t value

## (Intercept) 686.011 47.538 14.431

## SO 18.936 NA 2.000

What is the value of the standard error of the slope (SO), which is labeled
NA above?

Answer:

(i)

(ii)
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Question 4

[5+5=10 points]

(i) A paired t-test is done with data from 10 participants. The t-value from
the test is 2.1. What is the p-value associated with a two-sided null
hypothesis test? You are given the following output to help you:

pt(2.1,df=10)

## [1] 0.96896

pt(2.1,df=9)

## [1] 0.96744

No calculation is needed; just show how you used the above information to
get an expression that represents the p-value. But if you do calculate the
answer, please give the answer to three decimal places. Be sure to show
your work, based on the above information.

(ii) If the p-value from a two-sided null hypothesis test had been 0.09,
what would be the associated absolute t-value (i.e., ignoring the sign on
the t-value)? Use the following information to work out the answer. The
number of participants is 10, as above.

qt(0.09,df=10)

## [1] -1.4416

qt(0.09,df=9)

## [1] -1.4537

qt(0.09/2,df=10)

## [1] -1.8768

qt(0.09/2,df=9)
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## [1] -1.8992

qt(2*0.09,df=10)

## [1] -0.95936

qt(2*0.09,df=9)

## [1] -0.96449

No calculation is needed. Be sure to show your reasoning so I know how
you got the answer.

Answer:

(i)

(ii)

Question 5

[10+10=20 points]

(i) A researcher fits a linear mixed model to compare the reading times between
two conditions (a) and (b), just like in the above study in Question 1. Her
hypothesis is that the mean for condition (a) is larger than the mean for
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(b). She observes that condition a has sample mean 500 ms, and condition
(b) has sample mean 450 ms. She also establishes from the linear mixed
model that the t-value is 1.94. The approximate p-value associated with
this t-value is 0.052. Answer the following: (A) Do we have evidence
against the null hypothesis and (B) do we have evidence for the particular
research hypothesis that the researcher has?

(ii) The researcher runs the same analysis as above on a new data-set that
has the same design as above, and now gets a p-value of 0.001. Now she
has stronger evidence than in the above case where the p-value was 0.052.
What does she have stronger evidence for? Explain your answer in one
sentence.

Answer:

(i)

(ii)

Question 6 (Extra credit)

[10 points]
Given that Type I error is 0.01; what is the highest value possible for Type II

error?
Answer:
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