
10:00 Workshop introduction
10:15 Loading	and	exploring	datasets
10:45 Data	transformationand	coding	
11:15 Practical	exercise
12:15 Review	of	practical
12:30	- 13:30 LUNCH BREAK
13:30 lmer	and	glmer
14:30 Post-hoc	analysis and	model	visualization
15:00 Practical	exercise
16:00 Review of	practical
16:15 Model	building
17:00 End	of	workshop

Statistics	for	Linguists	
08	July	2022



Statistics	for	Linguists	

Post-hoc	analysis	and	model	visualization

Margreet Vogelzang – mv498@cam.ac.uk



Learning	objectives

• You	will	learn	to	load/import	data
• Explore	a	dataset	and	create	descriptive	statistics
• Transform	a	dataset	(if	needed)
• Code	your	factors
• Build	a	mixed	model
• Perform	post-hoc	statistics
• Visualize	your	data	and	your	model	



What	does	this	mean?

>	m5.lmer	<- lmer(log(ReadingTime)	~	capitalization	*	determiner	+	(1	|	
participant),	data	=	psycholinguistics_data)	
>	summary(m5.lmer)



What	does	this	mean?

>	m6.lmer	<- lmer(log(ReadingTime)	~	condition +	(1	|	participant),	
data	=	psycholinguistics_data)	
>	summary(m6.lmer)



Post-hoc	analyses

• Post-hoc	analyses	might	be	necessary	because	lmers don’t	provide	a	
comparison	of	every	level	against	each	other	level	of	a	factor

• For	continuous	variables,	a	post-hoc	analysis	may	involve	correlation	
testing

• For	factors,	we	can	use	special	packages	such	as	emmeans



emmeans

• Computes	estimated	marginal	means	(EMMs)	for	specified	factors	or	
factor	combinations	in	a	linear	model;	and	optionally,	comparisons	or	
contrasts	among	them
>	m5.lmer	<- lmer(log(ReadingTime)	~	capitalization	*	determiner	+	(1	
|	participant),	data	=	psycholinguistics_data)	
>	emmeans(m5.lmer,	pairwise	~	capitalization	*	determiner,	adjust	=	
"Tukey")



emmeans

>	emmeans(m5.lmer,	pairwise	~	capitalization	*	determiner,	adjust	=	
"Tukey")	



emmeans

>	emmeans(m6.lmer,	pairwise	~	condition,	adjust	=	"Tukey")	



Post-hoc	analyses

• For	continuous	variables,	this	makes	little	sense.
>	emmeans(mn.lmer,	pairwise	~	sequential_trial,	adjust="Tukey")
• How	could	we	further	investigate	the	relation	between	
sequential_trial and	reading	time?
• Group	the	independent	variable	(often	done	in	cognitive	domains,	e.g.	high	
vs.	low	working	memory)
• Correlations	(with	different	subsets	of	the	data,	when	needed)
• Visually	presenting	the	data	or	model	output



Post-hoc	analyses

• Correlation	
>	cor.test(x,y)
• Multiple	types	possible	(pearson’s,	spearman’s,…)
• However,	this	again	ignores	the	issue	of	variability	between	
participants	and		items



Model	visualization

• Data	plots	are	easiest	with	the	ggplot package



Model	visualization

• However,	model	plots	display	the	model	effects,	not	the	original	data
• The	can	be	used	for	presentation	(in	articles	etc.)	or	for	better	
understanding	your	results

>	plot_model(m5.lmer)	#	from	sjPlot package



Model	visualization

>	plot_model(m5.lmer)	#	from	sjPlot package



Model	visualization

>	plot_model(m5.lmer)	#	from	sjPlot package



Model	visualization

• >	plot_model(m5.lmer,	type	=	"eff",	terms	=	c("capitalization",	
"determiner"))



Model	visualization

• Also	with	one	continuous	variable
• >	plot_model(m7.lmer,	type	=	"eff",	terms	=	c("sequential_trial",	
"determiner"))



Effect	sizes

• Effect	size	is	the	size	of	the	effect
• In	our	data,	the	effect	of	capitalization	was	430-419	=	11	ms
(dependent	on	outlier	removal	technique)
• Whether	11	ms is	a	lot	or	not	depends	on	the	variation	in	the	data
• This	is	reflected	in	a	relative	or	standardized	effect	size	
• Popular	measure	of	standardized	effect	size	for	comparisons	between	
two	means:	Cohen’s	d



Effect	sizes

• Popular	measure	of	standardized	effect	size	for	comparisons	between	
two	means:	Cohen’s	d

>	lme.dscore(m5.lmer,	psycholinguistics_data,	type="lme4")

• This	value	will	then	have	to	be	interpreted
• Typically	d	=	0.2	represents	a	‘small’	effect	size,	0.5	represents	a	‘medium’	
effect	size	and	0.8	a	‘large’	effect	size
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