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Clown vs. Dwarf:  Every Little Bit Helps
I’ll be presenting some recent work

in collaboration with my PhD student Chris Hand 
and my colleague Paddy O’Donnell, 
But first, I have a few stories about Chuck to share

The Early years
In his pre-juvenile form – as you can see – Chuck was a pretty cute, wee sailor boy

(with a funny middle name… which he still has)

In his more advanced form, Chuck developed a certain type of anomia:

He became really, really bad with people’s names


He would often just point to people and say, “Hey, you!”


When he did retrieve a name, it was often wrong –


sometimes,  in an interesting way

The Later years
Here’s one example from my time at UMass (which is burned into my memory)
Leslie & Chuck 1:  Who is this?
This is someone who used to be in the graduate program at UMass
This is Chuck’s mental response

Leslie & Chuck 2:  Her first, last name?

This is a reconstruction of Chuck’s thought processes in retrieving her name.
Leslie & Chuck 3:  A guess at her name
And, finally, he comes up with her name

There does seem to be some method in his madness



To this day, it is a name he has never forgotten

The Transition years
But, what happened in the transition years?
What was Chuck’s path of development from cute kid to anomic psycholinguist?

Here, the data are less complete.

But, with the aid of computer graphics, we’ve been able to simulate what happened…
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Clown vs. Dwarf:  Every Little Bit Helps
My talk today is about the role of word-initial letters in recognizing words in reading.
What’s so intersting about a Dwarf?
The question of interest is:
“Do the beginnings of written words have a special status in reading?”

Nearly 3 decades of eye movement reading research has demonstrated that

(1) Information is acquired from the parafoveal word before its eventual fixation

(2) This parafoveal information consists mainly of orthographic and phonological codes of the first few letters of the parafoveal word
(3) These effects suggest that there is some ‘serial-ity’ to processing written words

This leads to the next question, namely:

“Do word-initial trigrams (that is, the 1st 3 letters of a word) help constrain the field of lexical candidates and, hence, facilitate access?”

We can look at homologous effects in auditory word processing
Here, the signal IS generally produced and processed in a much more serial way

And, there is evidence for an on-line selection process based on the 


accumulating auditory signal
In visual word processing – in the context of reading – we can manipulate the level of constraint of the word-initial trigram.

Words like DWARF are High-Constraint

Only a few words begin with DWA-

Words like CLOWN are Low-Constraint



Several words (of similar or different length) begin with CLO-:

CLOUD, CLONE, CLOSE, CLOSET, CLOD, CLOYING…

The prediction is that High-C words should be read faster than Low-C words:

The parafoveal information that is acquired on the prior fixation 

should limit the possible lexical candidates for High-C words, 

and lexical access should proceed faster

The initial transgression against the dwarf (L & I, 1985)
It turns out that this study was run over 2 decades ago…
Lima & Inhoff used High & Low-Constraint words as targets in sentences.
They additionally varied parafoveal preview across 3 conditions:


(1) They used a 1-word moving window condition



with strings of Xs replacing text outside the window.


(2) They also used a 2-word moving window condition



with strings of Xs outside the 2-word window


(3) They also presented text normally, with no window

In the 1-word cond, readers obtained NO parafoveal preview of the target

In both the 2-word and Full-line conditions, 
readers obtained a parafoveal preview of the target
They found that targets were read faster when the parafoveal preview was available (in the 2-word & Full-line conditions) than when it was not   [44 ms FFD, 53 ms GD]

However, preview benefit did not interact with target constraint

In terms of fixation time on the target,


They did find an effect of Constraint.

However, it was in the opposite direction of their prediction:



High-C wds (dwarf) were fixated longer than Low-C wds (clown)



[16 ms FFD, 10 ms GD]

They concluded that higher trigram familiarity (Low-C wds, like clown) benefits lexical access by increasing the efficiency of foveal processing

Just like Lima & Inhoff, we were also surprised by the pattern of results.
Avenging the Dwarf
But maybe the dwarf was given “the short end of the stick…”
We considered 2 ways to help the dwarf achieve faster lexical processing.

First, Lima & Inhoff’s target words were mainly LF words.

Perhaps if the targets were High- and Low-Constraint HF words,



there may be an advantage for High-Constraint words

This is supported by Inhoff & Rayner (1986) who showed increased 


parafoveal processing for HF compared to LF words.

Second, Lima & Inhoff’s targets were in contextually Neutral sentences.

Perhaps if the targets were in Biasing contexts



there may be an advantage for High-Constraint words


This is supported by Balota, Pollatsek, & Rayner (1985) who showed increased

parafoveal processing for contextually predictable compared to

less predictable words.

Design & Materials
We used a 2 x 2 x 2 design, manipulating

Constraint, Word Frequency, and Contextual Predictability

All target words were 5 letters long
Target words comprised 22 sets of 4 words:

Low-C & High-C  LF  words,  and Low-C & High-C  HF  words

Each set either appeared in Neutral or Biasing context
=> This gave rise to 11 items per subject per condition

Stimulus Characteristics (1)
Here are the stimulus characteristics
For Frequency and Constraint values, we used the British National Corpus,


A corpus of 90 million written word tokens

LF words had an average freq of about  9 per million

HF words had an average freq of about 88 per million

We measured Constraint in 2 ways:


The Number of Trigram Neighbors, either based on 



(1) only 5-letter words, or


(2) any length word

We also calculated what Percentage   the Target represented   of the Trigram Neighborhood


This took into account the frequency of the target, itself

Low-C targets  have more Trigram Neighbors 

    and represent a smaller Percentage of the Trigram Neighborhood

High-C targets  have very few Trigram Neighbors 

    and represent a large Percentage of the Trigram Neighborhood

In general, higher freq  targets will 

have more Trigram Neighbors
but will also represent a larger Percentage of that neighbourhood.

Stimulus Characteristics (2)
For calculating Contextual Predictability, we used 2 norming tasks

with 26 different participants in each task

One task was a Predictability Rating task

Participants judged on a scale of 1 to 7 (very unpred  to  very pred)



how predictable each target was in its context
The other task was a Cloze task


Participants read the context up to, but not including, the target



and had to write in the next word

Across both LF and HF targets,

Targets in Neutral sentences

were judged as Neutral



and were guessed very infrequently
Targets in Biasing passages



were judged as Predictable



and were guessed quite freqeuntly

Example 1-line Neutral Sentences
Here are some example Neutral sentences containing 


LF & HF,  Low-C & High-C  targets

There’s clown and dwarf, and their HF counterparts, train and girls
To produce Biasing contexts, we added a sentence at the beginning

producing a 2-line passage.

Example 2-line Biasing Passages






[READ]
Counterbalancing
We had 2 subject groups

Group 1 read ½ of the Neutral sentences and ½ of the Biasing Passages


Group 2 read the other ½ of Neutral sentences and Biasing Passages

Both Groups read all single line Neutral sentences first, 

and the Biasing Passages second

What Group1 read as Neutral, Group2 read as Biasing


and vice versa
Method
We ran 48 subjects
On an SR Research Eyelink 2K eyetracker

We used a (very clear) non-proportional black font on a white background

And 4 characters subtended 1 degree of vis angle

Data Profile
Only 2% of the data were rejected because of a Track Loss or Blink on the target
On 2/3 of the trials, targets were fixated only once 

Targets were re-fixated on 7% of the trials

And were skipped about a quarter of the time

Analysis
We analyzed the Target word in terms of the standard Eye Movement measures


FFD – duration of the first instance a word is fixated

SFD – duration of first-and-only fixations (represent majority of cases)

GD – summed duration of successive fixations on a word

TT – GD plus any returning fixations to the word
The sequence from FFD to TT  roughly maps onto…  
measures that reflect   earlier vs. later processing
Effects
Here are the effects across all measures
For each measure,

(1) the size of the effect is listed in millisecond


(2) and below are the p-values for subject (F1) and item (F2) analyses

Basically, there were main effects of all 3 variables on all measures


Constraint, Frequency, and Context

The only interaction was between Constraint & Context,


Which was present in early measures, but not in later measures


I will address this interaction in just a little while
Revenge of the Dwarf?  Tears of a Clown?
What was the direction of the effects?

As expected, for Context,


words in Biasing contexts were read faster than words in Neutral contexts


And, as expected for Frequency


HF words were read faster than LF words

What about Constraint?


High-C words like dwarf were read faster than Low-C words like clown
FFD
Here are the data in graphical form for FFD
The main effect of Context:  
with Biasing (Right) faster than Neutral (Left)
The main effect of Frequency:   with HF (blue) faster than LF (red)
The main effect of Constraint:   with Hi-C faster than Lo-C

As I mentioned before, for FFD, there was a Context x Constraint interaction


You can see that a Biasing Context flattens out the effect of Constraint

It seems that Biasing Cntxt speeds up everything, 
producing  what seems to be  a floor effect

SFD
Here are the data for SFD

Again, you can see the main effects of:  Context, Frequency & Constraint

Here, the Context x Constraint interaction is slightly weaker


But again, a Biasing Context seems to flatten out the effect of Constraint

GD
For GD, there are only main effects of Context, Frequency, & Constraint

There is no interaction of Context x Constraint

TT
The pattern for TT is the same as for GD:  Main effects, but no interactions.

TT, GD, SFD, FFD:  Context x Constraint
I’ve plotted out the Context x Constraint data for each measure:  
TT, GD, SFD, & FFD

Here, we’ve collapsed the data across Frequency (variable)
For comparison, I’ve plotted each measure on the same time scale (vertical axis)
If we toggle through these graphs,


You can see the emergence of a floor effect for the earlier, quicker measures

It seems that fixation times just can’t get any faster in the Biasing, High-C condition

and this gives rise to the apparent interaction

Thus, for a Hi-Constraint dwarf in a Biasing Context 


There’s no ceiling effect with a dwarf,    only a floor effect
Old vs. Spankin’ New Dwarf
So the question remains:  

Why are our results different than those of Lima & Inhoff’s?
You could say that our study ‘dwarfs’ theirs in several ways:

1. we have more subjects
2. we have a bigger design

a. They use 2(Constraint) x 3(Parafoveal Preview)

b. We use Const x Freq x Context

3. we have more items per subject per condition
4. In terms of data points,

a. (by Multiplying the above numbers)

b. we have over 5 ½  times as many data points

5. Finally, and probably most importantly

a. They used a dot-matrix font which appeared quite pixelated
b. We used a clearer font, close to what would appear in a book

Recall that they found a parafoveal preview benefit (from 1-wd to 2-wd window)


This means that – even if their font was bad – readers were still able to

acquire useful information from the parafovea
However, even with a bad font,

It is relatively easy to distinguish parafoveal words 
from a homogenous field of Xs (which can be quite disruptive)
Dwarf: The next Generation?
Recently, we’ve devised a new reading paradigm called Parafoveal Magnification
This represents the work of my post-doc, Sebastien Miellet

In reading, we know that vis. acuity drops-off as a function of retinal eccentricity

PM compensates for this on-line:

On each fixation and in real time, parafoveal text is magnified to functionally equalize its perceptual impact with concurrent foveal text.

PM simulation
This is what Parafov Mag looks like over a series of eye fixations thru a sentence
Our hope is to use this in conjunction with Constraint, Freq & Pred


We would like to determine whether PM can provide an extra boost 

to Hi-Constraint words like dwarf

Bottom Line
So, where does this all leave us then?

Lexical access in reading – as indexed by FFD (which is the most immediate measure of processing) – is facilitated when a word


appears in a Biasing context


is of higher Frequency


is of high Constraint, with few trigram neighbors

In sum, every little bit helps
O Sad Clown
I’d like to apologize to the clown
And thank the dwarfs

Snow white and 7 Dwarfs
I’ll take questions now, but I have one more thing to present after questions.

Ode to Chuck

Fireworks!

