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Title: Emotion Word Processing
First, thank you for inviting me here.

Before I talk about how we read emotion words, I will first give a few introductory remarks.
World

I come from a city outside of Chicago.

I went to graduate school and obtained my PhD at the Univ of Mass


where I worked with Keith Rayner

I then pursued post-doctoral study at the University of Oregon for 2 years….

Before joining the faculty at the Univ of Glasgow, Scotland

Eurasia

From here, Scotland is a long way to the West.

Europe => UK
Specifically, Scotland is the northern section of the United Kingdom [dark BLUE]
Bagpipe
Of course, Scotland is known for it’s bagpipes.

It is also known for men wearing kilts – to weddings, and to football matches

And, the rumor about what is (or is not) worn beneath the kilt – is true!

Scotland - Edinburgh
The capital of Scotland is Edinburgh

It’s a pretty city, with many tourist attractions, 


including a castle, museums, and lots of shops
Scotland – St Andrews
The game of golf was invented in Scotland.

St. Andrews has a world-famous golf course


Here’s Tiger Woods playing at the St Andrews golf course.

Scotland – Loch Ness
Scotland is covered with lochs (or lakes), the most famous of which is Loch Ness
Loch Ness is a very long and deep lake.

There’s a castle on the loch

And, of course, Loch Ness is the home to the Loch Ness monster

known to the locals as ‘Nessie’
Scotland – Highlands
The whole northern section of Scotland is known as the Highlands.
There are hundreds of hills to climb and beautiful scenery

The local animals are the Highland Cow (coo) and, plenty of sheep.

Here are some sheep waiting in line to make a phone call.

Castles
Scotland is also known for its castles


There are hundreds of castles all around Scotland


Many of them nearly 1000 years old.

Distilleries
Scotland is well-known for its distilleries.
This is a map of over 50 distilleries that make Whiskey.

You can visit any of the distilleries and take a free tour


You get a free sample,


But, of course, they want to buy some

Glasgow
Glasgow is the biggest city in Scotland.
The University is located just to the left of this picture.
In the last century, Glasgow was responsible for making over 50% of the world’s


merchant ships

They still build some ships on the Clyde River, but much less so than in the past.

In the center of Glasgow is George Square


There is a miniature underground that runs in a big circle under the city.


It’s known as the Clockwork Orange (because of the color of the subway cars)

This is a view from the University of Glasgow of a nearby park and museum.

Here is the main University building.

Our Psychology Department has just acquired its very own brain imaging facilities


including a 3T fMRI scanner and a MEG machine
Emotion Word Processing: RTs, EMs, & ERPs
Title

This talk mostly represents the work of my PhD student Graham Scott.

It was also done in collaboration with Hartmut & Paddy.

Emotion Words
How we process emotion words is an important issue for word recognition as well as affective neuroscience.

Emotion words can either 

Express or describe an emotional state (e.g., angry, happy)

Or, they can elicit one (e.g., snake, puppy)

Emotion words are traditionally characterized by 2 orthogonal dimensions:

Arousal which is defined as a measure of internal activation, and

Valence which is defined as a measure of value or worth
Arousal X Valence
The relationship between Arousal and Valence is represented in this figure:


All words (emotional or otherwise) basically fall on a U-shaped curve

High arousal words generally also have extreme values of valence

With either very high valence – positive words (approach, appetitive)
Or very low valence – negative words (avoidance)
Low arousal words are generally neutral in valence
Here are some examples:

high arousal words – with positive or negative valence (sex & war)
low arousal word – with neutral valence (nun)

… Although some nuns may provoke emotional responses
Early Emotion Word Processsing
Our interest was in the early time course of processing written emotion words.
To this end we conducted a joint lexical decision-ERP experiment

As well as an eye movement reading expt.
Before I discuss the experiments, it’s important to mention word frequency.

A word frequency effect represents the faster responses to commonly used HF words versus LF words that occur much less often.

Lexical access – or word recogn – can be indexed by the presence of word freq effects.
Our purpose was to determine whether the emotionality of a word affects early lexical processes:
If we manipulate word frequency as well as emotionality, we can use the presence of word frequency effects as a point of reference or benchmark.
Thus, if emotion effects occur at the same time as frequency effects in the ERP record, for example,   or   if emotion effects interact with frequency effects in response times (RT or fixation time), then we can infer that the emotional aspect of a word influences its immediate processing.
Past Behavioural Experiments - 1
Past behavioural research on emotion words is difficult to reconcile because of inconsistencies in stimulee and task.

In terms of stimulee, 

most studies have selectively compared Neg & Neut wds

fewer have compared Pos and Neg wds

still others examine words of particular emotional states


In addition, the stimulee in these studies are typically not well-controlled


for psycholinguistic variables such as word length or frequency

Past Behavioural Experiments - 2

In terms of task and manipulation,


Some studies use LD,

but others use emotional decision, memory tasks, odd-ball 


paradigms, forced-choice tasks or self-referential judgments


In addition, these studies generally use one or more of the following:


masking or priming, mood induction, lateralised presentation,


high #’s of stim repetition, and non-random, blocked presentation
To our surprise, we actually couldn’t find any past study that had simply run a plain old-fashioned LexDec task with Pos, Neg, and Neut words.
Lexical Decision 1
This is what we did, while also manipulating word freq.
We used a 3 x 2 design,

With 40 words per condition,  we had 240 words
We generated 240 length-matched pronounceable non-words – like blimble
Lexical Decision 2
For stimulus selection of emotionality,

we used ANEW – the Affective Norms of English Words,
a database of 1000 words by Bradley & Lang (1999)

For Frequency,


We used the British National Corpus

Words and nonwords were presented randomly.

And, we ran 26 participants.

LD Stimulus Specifications
Here are the specifications of the stimulus materials:

For Arousal,

Pos & Neg words had Hi Arousal values (on a scale of 1-9)



Neut words had Med to Lo Arousal values


For Valence,



Pos words had Hi Valence, Neg words had Lo Valence, 



and Neut words had Medium Valence


The average frequency counts per million were either Lo or Hi


And, Word Length was controlled as best as possible, 

although LF words were 1 character longer, on average

Example Stimulee
Here are some example stimulee

LF words are on the top half;  HF words are on the bottom half


Neg words are on the Left, Neut in the Middle, and Pos on the Right

LD Results
Here are the Reaction Time results:

There were signif main effects of Emot, Freq, and a signif interaction

For the interaction,


There were signif effects of Freq for All word types

Pos, Neut, & Neg;

with HF words responded to faster than LF words



For LF words,

both types of Emot wds (Pos,Neg) were faster than Neut wds



For HF words,




Pos wds were faster than both Neut & Neg wds

Thus it seems that,


POSITIVE wds are processed more easily than Neut wds,



no matter the degree of lexical activation



(that is, whether it is a LF or HF word)


NEGATIVE wds, on the other hand, are differentially processed,


depending on the degree of lexical activation:
For LF Neg wds, hi arousal facilitates processing


But, for HF Neg wds, hi arousal facilitation seems to be offset



by disruptive effects of highly activated Neg valence.

“Well,” you could say, “This is lexical decision.  Maybe it’s not the best way to measure the immediate ms-by-ms processes that accompany word recognition.”

Measurement
The 2 best techniques at present which CAN capture the  temporal dynamics  of word recogn are:

(1) Measuring EMs during normal reading

(2) Measuring Event-Related brain Potentials (or ERPs) during isolated word presentation

Some of my past work has conceptually combined these 2 measures, by comparing results across parallel EM and ERP studies:

EM & ERP time-line 1
This represents 

(1) What is thought to occur during a single eye fixation of  275 ms.

(2) An ERP waveform has been overlaid on the same time scale.

From this, it can be seen that:


(1) EMs limit the amount of time available for lexical processing



One can infer when word recogn should occur


(2) ERPs can pinpoint when such processing occurs in real time

EM & ERP time-line 2
To date, the best estimate of lexical access is ~ 130-190 ms after word presentation

This estimate comes from prior ERP work that demonstrates reliable word frequency and contextual predictability effects in the N1 component.
Past ERP Experiments
2 recent ERP experiments have been conducted examining emotion words

Neither manipulated word frequency

But, both reported P2 component effects, which occur after the N1

In addition, both experiments employed complex methodologies (as can be seen here) which may limit their generlisability.

ERP Experiment
So, we examined the earlier N1 component (which is sensitive to word frequency) in an ERP study.
ERPs were recorded over 70 electrodes as participants performed the Lex Dec task I just discussed.

N1 Topography
This figure represents the topography of the N1 over posterior scalp areas.

We analysed the average voltage in this time window (135-180 ms) in the electrodes that best expressed the N1.

N1 Electrodes
These electrodes are depicted here, over homologous L and R posterior areas.
N1 Results
Here are the results:
In ERP data,  a  greater amplitude component (either positive- or negative-going) generally indicates increased processing.

So, Although the N1 is a negative-going component, I’ve plotted the average UNsigned voltage.

Thus, analogous to RTs, a higher absolute value represents increased processing difficulty.
Unlike the LexDec results, there were NO main effects of Emot or Freq.
There was, however, a signif Emot x Freq interaction.

In the Lex Dec results, there were signif Freq effects for All Wd Types

In the ERP data,


For Neut wds, there was a signif effect of Freq



This replicates prior ERP studies which – notably – have used 

Neut wds:  with LF wds having a larger amplitude N1 than HF wds

For Pos wds, there was NO effect of Freq


And for Neg wds, there was a signif reverse effect of Freq



With larger amplitudes to HF Neg wds.

The pattern of ERP results for LF wds, however, was identical to the LexDec results,
Both types of Emot wds (Pos, Neg) were lower amplitude (or easier to process) than Neut wds

For HF wds, however, a slightly different pattern emerged:

With Pos & Neut wds having lower amplitude than Neg wds.

I’ll move onto the Eye Movement study first before discussing these results.
Eye Movement Experiment
There are no past EM expts that have examined emotion word processing in the context of normal reading.
In our study, we selected a subset of the Lex Dec words and constructed neutral sentence frames for them.

With 15 words of each type, this gave rise to 90 experimental sentences.

Eye movements were monitored via a Dual Purkinje Eyetracker.
And, we ran 48 participants.

EM Stimulus Specifications
The specifications of the stimulus materials are almost identical to those for the LexDec/ERP experiment in terms of


Arousal, Valence, Frequency & Length   values for each Word Type

Example Materials
Here is one set of example LF & HF sentence materials
There were 15 such LF and 15 such HF sets of materials.
For each set of Pos, Neg, & Neut wds, 3 possible sentence frames were constructed.

We rotated the 3 target words through the 3 possible sentence frames across subjects.

So, each subject read all target words and all sentences, 

However, we had 3 groups of subjects so that each word was seen in each of its 3 possible sentence frames.

Example Materials
In terms of fixation time, there are several EM measures which are traditionally used to describe the data.
These can be roughly divided into

(1) those which reflect first-pass, earlier, more lexical-type processing,  &

(2) those which reflect later, second-pass, or more integrative-type processing.

I will only be presenting Single Fixation Duration data – in which a word is fixated only once.

Once  rejected trials  &  trials in which the target was skipped  are removed, you can see that SFD represents the majority of trials in which the target was fixated – that is, 85% of target word fixations were Single Fixations.

In any case, in our study, FFD & GD generally produced an identical pattern of results, including highly similar levels of significance.

SFD Results
Here are the results:


There were signif main effects of Emot, Freq, and a signif interaction



BOTH by subjects & by items

For the interaction,


There were signif effects of Freq for Neut & Pos wds

with HF words responded to faster than LF words


For Neg wds, there was NO effect of Freq

The pattern of Fixation Times for LF wds was identical to both the LexDec and ERP results:


Both types of Emot wds (Pos, Neg) were faster than Neut wds


For HF words, the pattern of results resembled LexDec, rather than ERP:


Pos wds were faster than both Neut & Neg wds
ALL Results 1
So, where does this leave us?
Here are the results of all 3 studies

I’ve ordered the figures CLOCKWISE in terms of time window reflected by each measure:

In the upper left is the N1, at approx. 150 ms

In the upper right is SFD, at approx. 280 ms


Below is RT, at approx. 530 ms.

In all 3 measures, Neut HF wds are easier/faster than Neut LF words

The pattern for Pos & Neg wds, however, varies across measures.

We suggest that High activation words are easier to recognize
Thus, HF words have more robust mental representations and are accessed quicker than LF wds

Arousal can be considered in an analogous way to frequency


That is, Hi Arousal words have stronger activations than Lo Arousal wds


In general, this should speed their recognition

However, unlike Frequency, Arousal has environmental consequences


Which are different depending on whether that arousal is Pos or Neg


And, which are different depending on whether that arousal is HF or LF

ALL Results 2
So, for LF words, Hi Arousal (Pos, Neg) wds will be activated faster, but because the cumulative activation of Freq & Arousal is not so substantial, there is little need to initiate any mechanisms for response.

For HF words, Hi Arousal (Pos, Neg) wds will again be activated faster.

Because HF Pos & Neg wds are so highly activated, they will initiate an internal response which is manifest as a disruptive, slowing down

And, this response will be much greater for HF Neg words because of their environmental significance
For both HF Pos & Neg wds, the disruption is attenuated over time.

ALL Results 3
This attenuation can be seen over the 3 measures we used

In a clockwise direction,


The N1 (150 ms) shows the initial disruption,



Moreso for HF Neg than HF Pos words


In the later SFD (280 ms), this disruption begins to be attenuated


Finally, in the even later LD (530 ms), the disruption is almost entirely



Masked

Conclusion
To conclude,

we conducted 3 controlled experiments examining HF & LF


Pos, Neg, & Neut wds


We measured RT, electrophysiological responses, and EMs to

these words in isolated recognition as well as in normal reading

Our results demonstrated that responses were modulated, not only by


Wd Freq, but also by Arousal and Valence.

Together, the ERP and EM results are the first to demonstrate such emotion effects at such an early stage of word recognition

In sum, these studies show that the emotional characteristics of words are an important lexical variable.

Thank you.
Hi arousal wds (Pos, Neg) that are either LF or HF, are facilitated vs. Neut wd
Because HF words are accessed faster than LF wds, the consequences of emotional arousal are more immediate

Subsequent processing of HF Hi arousal words (Pos or Neg) is modulated by
This facilitation is immediate


Earliest measure: N1 (135-180 ms)

RT LexDec data indicates:


Emot wds are facilitated in processing compared to Neut wds,

but with 1 exception


When that word is Neg AND it is highly activated (or HF wd),



then the facilitation is disrupted

The EM data reflect a slightly earlier window of time

The overall pattern of effects is identical to that of LexDec, except that

Neg wds show NO Freq effect

I’ll begin with the Lexical Decision expt

 not neutralThere is a systematic 

in the following way

by having high arousal value
all words (emotional or otherwise) can be characterised on these 2 dimensions
the relationship between these dimensions is represented in this figure

… Although some nuns can be exceptional

Why is this important?

carefully control for psycholinguistic

employ rigorous standards



Of control, 

most studies use some combination of the following

limited for several reasons.

It is established that word repetition can lead to differential effects depending on word frequency and emotionality

For LF wds, Hi Arousal – or Emot wds – are processed more easily

than Neut words.



For HF POSITIVE wds, Hi Arousal facilitates processing w/o any




cost

This pattern of results seems to indicate that Hi Arousal – or Emot wds – are processed more easily than Neut words.

I’ve plotted the average UN-signed voltage.  So, although the N1 is a negative-going component, the

Although the N1 is a negative-going component, I’ve plotted the average UNsigned voltage.

I did this because  a  greater amplitude component (either positive- or negative-going) generally indicates increased processing.

Thus, analogous to RTs, a higher absolute value represents increased processing difficulty

· ERP: exogenous effects (within 200 ms post-stim)

· EM: effects within a single eye fixation
There were 3 groups of subjects

There are several fixation time measures 

So, when we examine LF words


However, for HF Pos wds, there is an immediate
