
9-1-2019

1

Statistics for Linguists in R
LOT Winter School 2019
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Tips for yesterday’s assignment
• R Studio is capital sensitive (i.e. do not write condition if it should be Condition)

• Make sure your variables are in the correct format
• Nominal variables should become factors

• data$Variable <- as.factor(data$Variable)

• Ordinal, interval or ratio variables should become numeric vectors

• data$Variable <- as.numeric(data$Variable)

• Make sure your datafile is read into R studio
• You should see your data in your environment (top right corner)
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Aims for today
▪ Students will learn to
▪ Understand T-tests and ANOVAs

▪ Plot and explore data in R

▪ Run t-tests and ANOVAs in R
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T-tests: Compare two means
1. Independent-samples t-test (independent measures t-test; independent 
means t-test)

◦ Two conditions with different participants in each condition, between-subjects

2. Paired-samples t-test (dependent t-test; matched-paired t-test) 
◦ Two conditions with the same participants in both conditions, within-subjects

4

Independent-samples t-test: Example
▪ Research question: Are there differences between men and women in their percentage of 
cartoons that they consider funny?

▪ Dependent variable: Humor appreciation from 0-100

▪ Independent variable: Gender, men vs. women

▪ Method
▪ 60 participants, 30 men, 30 women

▪ Task: View a cartoon. After the cartoon, please give a humor rating of the cartoon from 0-100 (100 
being the funniest possible)
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Assumptions: Independent-samples t-test
• Design
• Measurement level of dependent variable: interval or ratio (scale), continuous

• Measurement level of independent variable: two categorical, independent groups

• Independent observations

◦ No relationship between the observations in each group or between the groups themselves. For 
example, there must be different participants in each group with no participant being in more than 
one group. 
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Assumptions: Independent-samples t-test
▪ Outliers

▪ Plot your data: histogram or boxplot
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Assumptions: Independent-samples t-test
▪ Outliers

▪ Plot your data: histogram or boxplot

▪ Normality
▪ Your dependent variable should be approximately normally distributed for each category of your 

independent variable

▪ Histogram with normality curve, Q-Q plot, skewness, kurtosis

▪ Kolmogorov-Smirnov/Shapiro-Wilk (in case of N<30)
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Skewness and kurtosis

9

Q-Q-plot or P-P-plot
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Central Limit Theorem
▪ Some statisticians argue that the Central Limit Theorem implies that large random samples 
automatically approximate normal distribution

▪ Reason: the mean of a sample of data will be closer to the mean of the overall population in 
question as the sample size increases

▪ As a general rule, sample sizes equal to or greater than 30 are considered sufficient for the 
Central Limit Theorem to hold, meaning the distribution of the sample means is fairly normally 
distributed
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Assumptions: Independent-samples t-test
▪ Homogeneity of variance
▪ Variance in experimental groups should be approximately the same

▪ Boxplot

▪ Levene’s test (in case of N<30)

◦ If Levene’s test is not significant, than the assumption of homogeneity has not been 
violated

◦ If Levene’s test is significant, than the assumption of homogeneity has been violated
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Homogeneity of variance
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Importing your data
#set your working directory

setwd("C:/Users/smbro/Desktop/LOT_Statistics/")

#read in a text file

data  <-read.delim("C:/Users/smbro/Desktop/LOT_Statistics/Wednesday_data_independent.txt", header = 
TRUE, sep = "\t")

14

Empty your environment!

Looking into your data
#see the first six elements of your data file

head(data)

#see the structure of your data file

str(data)

#a big picture of the dataset, basic info and descriptive statistics

summary(data)

data$Participant <- as.factor(data$Participant)

data$Gender <- as.factor(data$Gender)

data$Rating <- as.numeric(data$Rating)
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Descriptive statistics
mean(data$Rating)

median(data$Rating)

sd(data$Rating)

#we often want to look at a dependent variable as a function of some independent variable(s), 
split up the Rating by Gender, then get the mean

tapply(data$Rating, data$Gender, mean)

#to combine multiple results into one table, “column bind” them with cbind():

cbind(tapply(data$Rating, data$Gender, mean), tapply(data$Rating, data$Gender, sd))
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Detect outliers
install.packages("attach") 

library(attach)

attach(data)

#set graphics option: 1 graph

par(mfrow = c(1, 1)) 

#boxplot of accuracy values

boxplot(Rating ~ Gender, main = "Rating", ylab = "Rating")
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The attach package makes your life 
easier. You don’t need to type the name 

of your data file anymore (i.e. data)

Normality
#set graphics option: 1 graph

par(mfrow = c(1, 1)) 

hist(data$Rating, main = "Humor rating", xlab="rating")

#quantile-quantile plot, represents the ordered sample values against the quantiles of the standard 
normal distribution

qqnorm(data$Rating)

#add a straight line

qqline(data$Rating)

#normality test (N<30)

shapiro.test(data$Rating)

18



9-1-2019

4

Homogeneity
install.packages("car")

library(car)

attach(data)

#run a Levene’s test

leveneTest(Rating ~ Gender, data = data)
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The car package contains 
software to run t-tests

Statistical test
#calculate whether there is a statistical difference between male and female on humor rating

#independent t-test

t.test(Rating ~ Gender, paired=FALSE)
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Report independent-samples t-test 
▪ On average, female participants appreciated cartoons more on a humor scale
(M=74.47, SD=1.84) than males (M=66.63, SD=2.23) 

▪ An independent-samples t-test showed a significant difference on humor 
appreciation between men and women (t(56)=-2.70, p=.009)
▪ (t ([degrees of freedom]) = [t-value], p = [p-value])

▪ Report effect size
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Effect size
▪ The t statistic can be statistically insignificant (p>.05), but the effect can be
important

▪ Used for both the independent-samples t-test and the paired-samples t-test

▪ Correlation coëfficiënt r
▪ r = .10 (small)
▪ r = .30 (medium)
▪ r = .50 (large)

▪ Cohen’s d
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Assignment (for in portfolio) 
▪ Independent t-test

▪ Question 1: Create two datasets: one for males (data_males) and one for females 
(data_females)

▪ Question 2: Create two histograms. One for the humor rating of males and one for the humor 
rating of females. Plot them next to each other.

▪ Hand in the code and the two histograms.
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Paired-samples t-test: Example
▪ Research question: Are there differences between heart rate before and after going into a 
rollercoaster?

▪ Dependent variable: Heart rate

▪ Independent variable: Paired, before vs. after

▪ Method
▪ 60 participants

▪ Heart rate will be measured before and after the ride
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Assumptions: Paired-samples t-test
▪ Design
▪ Measurement level of dependent variable: interval or ratio (scale), continuous

▪ Measurement level of independent variable: one categorical, related group

▪ Parametric assumptions
▪ Outliers

▪ Normality

▪ The sampling distribution of the differences between the two related groups should be normally
distributed, not the scores themselves

▪ Calculate the differences between the groups and check if the data are normally distributed
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Report paired-samples t-test
▪ On average, participants had a lower heart rate before (M=X, SE=X) than after
the rollercoaster ride (M=X, SE=X). 

▪ A paired-samples t-test showed a significant difference on heart rate before
and after the rollercoaster ride (t(X)=X, p<X)
▪ (t ([degrees of freedom]) = [t-value], p = [p-value])

▪ Report effect size
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Assignment (for in portfolio) 
▪ Paired-samples t-test

▪ Question 1: Import the datafile called Wednesday_data_paired.txt into R

▪ Question 2: Please calculate whether there is a heart rate difference between before and after 
taking a rollercoaster ride. What did you find? Report your results following APA guidelines.

▪ Hand in the code and the reports of the results.
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Analysis of variance (ANOVA)
Number of IVs (type) Levels IV (if cat) Design Analysis

1 (categorical) 2 Between-subjects Independent t-test

Within-subjects Paired t-test

1 (categorical) ≥ 3 Between-subjects One-way ANOVA

Within-subjects Repeated measures ANOVA

≥ 2 (categorical) ≥ 2 Between-subjects Factorial ANOVA

≥ 2 (categorical) ≥ 2 Within-subjects Factorial ANOVA with repeated measures 

≥ 2 (categorical) ≥ 2 Within and between Factorial Mixed ANOVA

≥ 2 (categorical & continuous) ≥ 2 Between-subjects ANCOVA
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One-way ANOVA: Example
▪ Research question: Do students learn more effectively in silence, with classical music 
or with pop music in the background?

▪ Dependent variable: interval/ratio
▪ Score from 1 to 100

▪ Independent variable: 3 or more indep. categories
▪ Condition: silence, classical music, pop music 

▪ Method
▪ 60 participants, 20 participants in each condition
▪ Task: Study a passage of text for 30 minutes. Those in group 1 study in silence, those in group 2 

with classical music and those in group 3 with pop music. After studying, students take a multiple 
choice test over the material (final score from 0 to 100)
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Assumptions: one-way ANOVA
▪ Design
▪ Measurement level of dependent variable: interval or ratio (scale), continuous

▪ Measurement level of independent variable: three or more categorical, independent groups

▪ Independent observations
▪ No relationship between the observations in each group or between the groups themselves. For example, there 

must be different participants in each group with no participant being in more than one group.

▪ Parametric
▪ Outliers

▪ Normality

▪ Homogeneity of variance
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Report
▪ A one-way ANOVA on Score showed a main effect of Condition (F(X, X) = X, pX). Participants 
studying with classical music (M=X; SD=X) had higher scores than those in silence (M=X; SD=X) 
and those with pop music (M=X; SD=X; p<X). The silence and pop music group also differed 
significantly from each other (p<X).
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Assignment (for in portfolio) 
▪ ANOVA

▪ Question 1: Import the datafile called Wednesday_data_ANOVA.txt into R

▪ Question 2: Please calculate whether there is a Score difference between the three conditions. 
Use the function aov(). What did you find? Can you also perform a posthoc test using the 
pairwise.t.test() function?

▪ Hand in the code, the plots, and the reports of your results
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Tomorrow: Thursday 10 January
▪ Basic Statistical Tests II
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