PAGE  
7

Parafoveal Processing Influences

Word Frequency & Predictability Effects

on Eye Movements During Reading
Good afternoon/ Howdy.

My talk is about how   word frequency and contextual predictability effects   are modulated by the amount of parafoveal preview obtained during normal reading.

Photos
This talk represents collaborative work with C.H., S.M., & P.O’D.

And, here’s Graham… who’s in our lab but not on this paper…

You may have missed his poster earlier today on Emotion Word Processing in Reading – though I don’t see how, given its flamboyant colors.
If you track him down, you can get a handout (…in color).
And, here’s my father,  who’s in the audience,  with his trebuchet – Hi Dad dy…


[a weapon of considerable destruction]
[moving on…]
Frequency & Predictability
Aside from word length, the 2 main linguistic factors affecting processing time on a word are (1) word frequency and (2) contextual predictability.

With word frequency,
· Commonly used, HF words are read more quickly than LF words which occur much less often.

· The presence of a word frequency effect is generally assumed to indicate that lexical access has occurred.
With contextual predictability,
· In a given context, high predictable words are read more quickly than low predictable words.
· The temporal locus of predictability effects – whether lexical or post-lexical – is still a matter of continued debate, implicating either Interactive or Modular accounts of language processing, respectively.
What happens when these factors are combined?
Freq x Pred: Early RT Studies
Most studies investigating these combined effects were conducted in the late 1970s and early 1980s using Lex Dec and Naming paradigms.

Although the experimental procedures varied,   in general:

– a context was established in a fairly short sentence frame,

– this was then followed by a sentence-final target for response.
Results of these RT studies showed main effects of freq & pred, with either…

No interaction, as shown on the Left

Or, a signif interaction, as shown on the Right
Additive effects btwn 2 factors have been interpreted as showing that these factors affect DIFFERENT, subsequent stages of processing, whereas

Interactive results have been interpreted as showing that the 2 factors affect the SAME stage of processing.
The majority of RT studies, have shown the Interactive pattern, suggesting that freq & pred affect the same – presumably lexical – stage of processing.

There are certain limitations with these early studies:

(1) Delays often occurred btwn  offset of the context  &  onset of the target.

· Such delays could induce strategic processing.

(2) The contexts were quite short, and often contained intra-lexical primes.

· One could argue, then, that the pattern of contextual facilitation was simply due to  associative priming  rather than  top-down effects from higher-order levels of discourse representation.
(3) Comparisons were sometimes made btwn Congru & Incongru conditions (as shown here), where the congruous condition was highly predictable and the incongruous condition was anomalous.
· A more prudent approach might be to compare a high pred condition not with anomaly, but with a less pred condition.
(4) Finally, the response measures used – Lex Dec & naming – may involve the recruitment and application of strategies not found in normal reading.
Freq x Pred: ERP Study
A recent electrophysiological study also showed an interactive pattern of freq & pred in terms of the voltage amplitude of the N1 component (i.e., the 1st negative-going wave), beginning at 132 ms post-stimulus.
This is the same time window in which word frequency effects have been reliably demonstrated.

However, the presentation rate was relatively slow compared to normal reading (at around 500 ms per word), and the predictability effect for LF words was marginal.
Freq x Pred: Eye Movements
In an early reading study,  Inhoff  also found an interaction in gaze duration.

However, the results represented the combined data from normal reading and a degraded-stimulus-quality condition in which there was a 3-character moving foveal mask.  In addition, word length was not formally controlled.

More recently, 3 EM studies  found an additive pattern in fixation time.
However, it is important to note that the relationship between freq & pred was not the principal focus of these studies.

It was the focus, however, of  2 additional studies  – 
Rayner et al. (2004) in English,  & Miellet et al. in French

Both of these studies found additive results in fixation time.
Rayner et al. (2004) - materials
Specifically, Rayner et al. used High & Low freq targets in High & Low predictable contexts.

In their design, this was achieved by switching targets across contexts.
For a given item set, such as this, subjects read either the High OR Low Predictable versions.

Thus, any particular  target  OR  sentence frame  was read only once.

Rayner et al. (2004) – limitations/remedies
However, there were certain aspects of the Rayner et al. study which we thought could be improved:

First, subjects were presented with only 8 items per condition.

· We expanded this to 22 items per subject per condition.
Second, although the strength of the contexts in Rayner et al. had been tested in various off-line tasks…

– we thought that longer, more narrative, contexts might prove stronger

– in that they would allow a  greater amount of time  for  context to develop  more fully  within the context of an on-line reading situation.
· As such, our items comprised 2 sentences, with the target appearing in the 2nd sentence.
· This gave rise to having twice as many pre-target words as in R. et al.
Rayner et al. (2004) – materials
Another issue concerning their contexts was that they sometimes used somewhat anecdotal or conventional contexts, as in this example.


With Bugs Bunny and his carrots


Or Leave It To Beaver’s 1950’s Mom serving meat ‘n potatoes.

Example Materials(1)

Here’s an example item-set from our experiment.
LF & HF targets are shown in High Predictability passage-frames (at the top)
And – as in Rayner et al. – switching targets across these passage-frames gives rise to the Low Predictability conditions (below).

So, we’ve got a predictable “pub” context with “lager” and a “marathon” context with “water”
Switching targets across contexts produces the less predictable passages.
Example Materials (2)
Here’s another example item-set.
This time, we have a “plumber” in a “boiler” context and a “teacher” in a “homework” context.

Again, switching targets across contexts gives us the less predictable passages.

Method (materials) – 1
In our eye movement experiment, High & Low Frequency targets were presented in High & Low Predictability short passages.

All passages were initially normed in off-line Predictability & Cloze tasks.

2 different sets of 20 subjects were used in each task


None of these subjects participated in the eyetracking reading experiment.

Method (materials) – 2
The results of the norming tasks confirmed that the more predictable targets did, in fact, have both
(a) higher predictability values &
(b) higher Cloze probabilities.
Method (subbies, apparatus)
In the reading experiment, 64 subjects read the 88 experimental passages while their eye movements were monitored and recorded.
Yes/No comprehension questions followed half of the items.
Results: Fixation Time Measures
In terms of fixation time, there are several eye movement 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 mainly 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, 84% of target 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.
Results:  Freq x Pred:  SFD
Here are the results for Single Fixation Duration.

We found highly significant main effects of Freq (26 ms) and Predictability (9 ms), both by Subjects & by Items
But no interaction.

Results:  Freq x Pred:  FFD & GD &  Rayner
And, we found similar results for both FFD & GD
It seems, then, that normal reading gives rise to additive, rather than interactive, effects of freq & pred.
Parafoveal Pre-Processsing
Obviously, there are many differences between reading and RT tasks.
One difference of note is that:

Unlike RT tasks – where words are only viewed foveally – 
In reading, information is first obtained parafoveally before the word is directly fixated.
Prior research has indicated that the freq & pred of the parafoveal word affects its subsequent fixation…
… with parafoveal previews of HF & HiPred words leading to shorter subsequent fixation times than their LF or LoPred counter-parts.
Boundary Technique
In order to determine the parafoveal preview benefit, these studies varied parafoveal preview via the ‘boundary technique’…
In which a letter string other than the target occupies the target location until **  a saccade is made into that location.
Comparisons are made between the normal reading situation and an invalid preview condition to determine the extent of parafoveal preview benefit.

We didn’t do this. (X)
In part, because an invalid preview does not simply prevent parafoveal preview of the eventual target, but, it also provides mis-information.

Of course, if that information is orthographically or phonologically similar to the target, it can facilitate – or at least not interfere with – the subsequent processing of the target.

But, if its not similar, then, depending how close the eyes are to this mis-information, it may be more or less disruptive.

Launch Distance
Instead, we used a more  au-naturale, free-range- type approach.

We analyzed target word fixations based on the location of the prior fixation (or launch site), with the assumption that
as launch distance increases,
parafoveal preview decreases.

Fixations originating from consecutive 3-letter-regions were grouped together.

Most of the fixations came from the first 3 regions: 1-3, 4-6, & 7-9 letters.

(Poorly) Simulated Perceptual Span
Here, the effective span of reading – from which useful information is obtained on any given fixation – is overlaid in its corresponding position for each launch site.
Thus, the  averaged-length  6-character  target still lies within the perceptual span for the first 3 launch sites.

% Data – pie chart





(as I said)
The majority of target-region fixations were launched from the first 3 regions.

Even when considering the more constrained portion of data – in which only Single Fix’s were made on the target – a considerable amount of data remained.
How much data?

#Data Points
Well, multiplying  (# subjects) x (# conds) x (# itm per cond)
=> over 5500 data points

# Data Points for SFD
For Single Fixation Duration, there was a minimum of 200 data points per condition at each of the first three launch sites: 1-3, 4-6, and 7-9 letters
Results:  Freq x Pred x Launch:  SFD
Here’s the target-region Single-Fixation data, now contingent on launch distance
There was a significant 3-way interaction: Freq x Pred x Launch Site

both by subjects & items.  

(This was also true for FFD & GD)

At 7-9 characters, only word frequency was significant


There was no effect of Pred, and no interaction


At 4-6 characters, word frequency was significant



Here, there was a Freq x Pred interaction, with a significant

Predictability effect for HF words


At 1-3 characters, word frequency was significant



This time, predictability effects were signif both for HF & LF



And, there was an interaction, such that the Predictability effect



for LF was greater than that for HF




[…which could be due to a floor effect for HF-Pred]

Summary of Results
To summarize:

· RT studies, in general, find that word frequency and contextual predictability interact.

· Eye movement studies, measuring target word fixation time in normal reading, find that frequency and predictability are additive.

· When the amount of parafoveal preview is manipulated (post-hoc via launch distance), however, different patterns of data emerge.
Summary of Results
Specifically,
We found Frequency effects at all launch sites, 

Predictability effects emerged both        as a function of closer launch site &
        as a function of higher word frequency

It would seem, from this pattern, that contextual predictability follows temporally close-on-the-heels of word frequency.
In comparison to the earlier RT findings:

· The Far condition, which most closely resembles RT presentation (of having no parafoveal preview), only shows a frequency effect.
· The Near condition, when parafoveal preview is at its greatest, ironically, shows a pattern of results most similar to that of the RT studies.

Although such comparisons may be of some interest, given the substantial differences in task demands and measures, they may be of little practical value.

So, where does  all this  leave us then?

Conclusions – Additive = sum(Interactive)
First, We can see that the apparent additive effect found in fixation time is, in fact, the combination of 3 main underlying data patterns, 2 of which are interactive – in opposing directions from each other.

Conclusions –Explanation 1:  Frequency First
It’s possible that lexical access is only guided by Frequency and that top-down contextual effects only operate at a later, post-lexical stage of processing.

On this view, interpretation of the non-contingent data might necessitate an assumption that contextual integration proceeds at the same rate for HF & LF words.

- an assumption which seems implausible
Conclusions –Explanation 2:  Floors & Ceilings
Another possible explanation is that predictability effects do occur early, but that their full extent is masked by floor & ceiling effects.
On the floor end, no one would argue that there is a lower limit to fix. times.

For example, in the Near Launch Site condition, fix time on the following HF-Pred word just can’t get any faster.
On the ceiling end, however, the notion of some sort of fixation-time deadline is more contentious, though not unwarranted.
I think these effects look pretty clear here… like this
Conclusions –Launch Site
Finally, regarding launch site analyses.

When coupled with a set of highly controlled materials,

Launch site analyses can be used as a tool to capture the temporal dynamics of parafoveal processing.

They have demonstrated sensitivity to the temporal & spatial contingencies intrinsic to reading.

And, they provide a more fluid or transitional account of concurrent oculomotor and linguistic processing.
Thank you.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Effects Before the Target?
We also looked to see if there were any effects of target condition on the fixation before the target.

As its name suggests, “parafoveal-on-foveal processing” refers to a pattern of results in which the ease or difficulty of processing a parafoveal target initially manifests itself on the current pre-target fixation.

[It’s a phenomenon mainly occurring in labs of European origin or descent.

I didn’t want to “come out” about this, but…

My name is Sara… and, I found some parafoveal-on-foveal effects.]

Fixation Before the Target:  Freq x Pred
This data only includes cases in which the target was subsequently fixated.

We found a small but significant effect of target predictability, a marginal effect of frequency, and no interaction.

We also examined the pattern of effects accounting for the launch distance to the parafoveal target (with Far, Mid, & Near locations).

Unlike the target fixations, however, we did not find a 3-way interaction btwn Freq, Pred, & Launch Site.

X-TRA SLIDES

Effects Before Target


Fixation Duration Before Target – non-contingent







    contingent on launch (n.s. 3-way)

Contingent  FFD => SFD => GD


TT non-contingent

(TT contingent n.s. 3-way)


Prob of Skipping

(no ANOVA; skip vs. rejected trial)


Next Fwd Fix

non-contingent






Hi regressions out in LF conds

Non-contingent analyses

Launch Distance


No diffs across HF/LF HP/LP conditions

Landing Position



No diffs across HF/LF HP/LP conditions

Number of fixs



Main effect Freq + Interaction (HF-Pred < rest)
