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PsychoGnomics (minn, 2004)

Title
I’ll be talking about some recent work on “Reading Ambiguous Words” in context
“Why ambiguous words?”
• An ambig wd like CRICKET has 1 form & 2 meanings:  “sport” vs. “insect”


{this is comparable to ambiguous figures in visual perception}

• Understanding how ambig wds are processed, however, tells us something about how words, in general, are processed.

• With respect to ambig wds, the task is to determine

Is only context-relevant meaning accessed?


Or, Are all meanings accessed w/ selection occurring later...?

• The timing of contextual constraint – early or late – has implications for the architecture of lang process

Various box-and-arrow models of word recognition have been proposed.

Model (1)
Here’s one rendition (version):


A hierarchical system



With both feedforward & feedback connections



=> With different levels of processing
Model (2)
More seriously, there is an age-old argument over whether processing is mainly


bottom-up

or

top-down
There’s no question that a higher-level representation –such  as context– can influence word recognition – the argument is over WHEN such facilitation occurs:



early


or

late
This Q has been the central battleground of the Modular vs. Interactive debate...

Interactive vs. Modular

1. Modular approach maintains that access is exhaustive,

with meaning selection occurring @ a  later, post-lex stage


2. Interactive approach maintains that access is selective...



Only the contextually approp sense is fully accessed

Measurement
• In order to specify when context affects wd recogn, one needs accurate measurement

•   ...to capture events that occur on the MSEC scale

• The 2 best techniques   (in terms of their temporal resolution)   that can uncover a precise time-course of early lexical processing are:

Measuring    EMs  &  ERPs

So, when IS access?
• The wd freq effect represents..the differential response to H vs. L freq wds

• Here’s an example sentence containing either a H or L freq. target wd

• A wd freq effect is assumed to be an index of lexical access

[In the movie ‘Dodgeball’ Rip Torn says,

 “If you can dodge a wrench, you can dodge a ball”]

•  Likewise, If you can track freq, you can track lexical access”
EM & ERP Time Line
This figure conceptually combines EM & ERP measures into a single time line of word recogn in reading:

Here’s an eye fixation   of 275 ms

There are certain constraints that limit the window within which lex access occurs:
At “front end” of fix, it takes approx 60 ms for info to travel from the eye to higher vis. areas where lex processing can begin

At “back end” of fix, it takes ~150 ms to program next EM (oculomotor latency)

Given this oculomotor lag time & the fact that duration of fix IS sensitive to lexical difficulty, then something close to lex access must occur early enough to affect the decision to move the eyes

On same time line, an ERP waveform to a visual word is shown:

Lex effects in early, exogenous components – like the P1 or N1, for example – 

Could both
(1) confirm this EM time frame, &

(2) pinpoint more precisely when such effects 1st appear 

in real time

Wd freq across paradigm

Here’s the wd freq effect expressed across 3 different expt paradigms 

In each paradigm the freq diff is signif

There’s


(1) RT in a LD task


(2) FFD in EM-reading task:  

FFD   w/ & w/o   valid parafoveal preview




  i.e, normal  vs. foveal-only  reading of target


(3) voltage diffs in an ERP word presentation task:  

with signif diffs in N1 component (132-164 ms post-stim)

As before, this shows

· EMs establish a time window of lex process

Namely, vertical black band, from ~100-200 ms after fixation onset

· ERPs confirm & restrict this window 

--------------------------

There have been numerous paradigms devised to investigate lex ambig resol


Either

(a) using ambiguous words as primes 





(Seeing whether an ambig word primes 1 or both its senses)

(b) directly measuring a behavioral response to an ambig wd


Different Measures include:
RT (naming, LD), 

ERP voltages, 

EM fixation time

I’ll only be talking about how EMs are used to study ambiguity:

EM studies of ambiguity
• In EM studies, fix time on an ambig word is compared to fix time on an unambig control word across different context conditions

• Here’s an example with  ambig vs. control wd  in either  Neutral or Biasing  context:


Fix time result is that:    Amb > Control,  in Biasing context

• Numerous EM studies have investigated the factors that affect fixation time:

- namely, those having to do with the type of context & type of ambig wd used

Factors identified from EM studies
(1) One factor is the context

Fix time on the same amb wd differs depend on whether it is preceded by a neutral or biasing context (as we’ve just seen)

 (2) Another factor is the meaning that is instatiated by the context

Fix times differ depend on whether the Dom or Sub sense is supported by prior context; 

Take an ambig wd – like BANK:
Highly dominant, ‘money’ sense


Much weaker, subordinate ‘river’ sense

(3) The type of amb word also plays a role


some amb wd are Biased w/ very strong Dom , 1 or more weak, Sub


other amb wd are Balanced where Dom & Sub are more equally represented


[WOLVES]

In fact, most ambig words are like BANK  (eg, PLANT; TABLE)

Only a small proportion of ambig wds have 2 meanings of more equal status


(eg, BARK, BUCK, CAST)

Why is BANK so slow? (1)
On first glance, it seems that a biasing context should facilitate processing

However, BANK is Biased amb wd and context supports its Sub sense

Why is BANK so slow? (2)
In terms of Modular & Interactive accounts....

M: 
With only 1 meaning integrated at a time, post-lex processing is slowed:


- because the processor attempts to integrate the wrong meaning

 at least 1/2 the time

(Slowed even more-so, if the Dom meaning is accessed first)


I: 
contextually-guided-access  selects the  Sub sense 
But, - the Sub sense is comparable LF meaning
Why are the OTHER words so Fast?
But, maybe the appropriate question – instead – is:

“Why are the other words processed so fast?”
Neutral Bank – is fast probably because   

(1) only the Dom sense is accessed



(2) And there’s no difficulty integrating it with a Neutral context

The Control Word – EDGE – is fast because it is a HF word.

· this raises an important methodological question 
What about the CONTROL word?
• In most EM ambig studies, 
control wd matches the ambig wd’s word-form freq
• For biased ambig wd, 

this typically results in HF words

• A more approp control, 

might be one that matches the ambig wd’s meaning
freq – that is, a LF word

In this example, a LF meaning control is added

Form & Meaning
Here’s a more concrete representation of an ambig wd as well as its unambig controls
 – in terms of their form & meaning – 

Control words: 
matched to freq of word form



     HF




matched to freq of instantiated word meaning
     LF

In the Numerous EM studies have examined ambig wds in context
=>
(1) The prior context supports the SUB sense
=>
(2) And, the control wd is matched to the overall word-form freq


of the ambig wd  – that is,  a HF word

EM ambig studies (1)
Here’s a listing of most EM reading studies investigating lexical ambiguity

Only 1 of these EM studies used a “LF” meaning control


(a few studies used the same ambig wd in diff contexts, or diff ambig wds)

The only other study to use a meaning-matched LF control

... was a recent ERP study of ours.

EM ambig studies (2)
Another critical factor in these EM studies is the type of context used


(1) Most studies use the beginning part of a sentence as context




[as in “The mud was deep along the...”]


(2) In the studies that do use lengthier passages as context



Most of these use contexts that SWITCH – within the same passage – 

between SUB & DOM senses on 1/2 of the trials.

In this way, these contexts can be considered Inconsistent
No study has used both   a LF control   &   paragraph contexts

Our experiment addressed these issues by


(1) Using both   HF-form   &   LF-meaning   matched controls


(2) With stronger paragraph contexts

I will first describe the Kambe, Rayner, Duffy experiment, because


(1) It is one of these studies using ‘Inconsistent’ contexts

&
(2) We used this study as the starting point for our experiment



And then modified various aspects of it

Kambe et al (2001) – Ex 1

This is the structure of the paragraphs used in Kambe et al.

Ambig target is BOXER
1st sentence:  Topic sentence, contains Global context



Global context either supported 
the Sub “dog”

or Dom “fighter” sense

Nxt 2 sentences:  what I refer to as ‘filler’ sentences



They are content-free; function to separate Global & Local contexts

Last sentence:  Contains Local context & the Target (ambig/unamb cntl)



Local context always supports the Sub sense (Biased amb wd)



Thus, when the initial Global context supports Dom -> Inconsistent








(Mike Tyson)

Because there are 2 possible targets (amb, control) – 2 paragraphs were devised so that each Subject could read each word in different contexts.

Kambe et al (2001) – Ex 2

Here’s the other context for the same ambig-control word pair

Kambe et al (2001) – Conditions / Results

Basically, Kambe et al found, as before, that Amb word in (local) Sub context takes longer than it’s control
It is interesting to note that there is no Consistency effect


Perhaps Ss became suspect – as the contexts were Inconsistent 1/2 the time


This is a possible explanation for why  the fixation times overall 



seem slightly longer than ones typically found in EM studies

In any case, here are the changes we made to their study

SOR –Changes to Kambe et al.

(1)
We used the strongest context conditions...

(2)
We removed “empty” filler sentences btwn global & local contexts

(3)
Added meaning-matched, LF control

(4)
Added a new paragraph

SOR – Example Stimuli – 1

We can step thru this example  to see the changes  One–at–a–time

Added passage is about wee Tara who’s more than a bit spoiled

SOR – Example Stimuli – 2

Here’s another example, this time with Catholic girls tormented by guilt

The ambiguous word here is HABIT - that has the Subordinate “NUN” sense

...

The Added passage here is about Sister Margaret and a vampire.

SOR – Experiment Specifications

Here are the specifications for the newly added LF meaning controls
We ran 45 Ss

Each subject saw the Amb wd and both its HF & LF controls, but in different contexts
SOR – Results:  SFD

Here’s the results for Single Fixation Duration on the target

SFD= represents the case when only 1 fix was made on the target (~70%)

[8% refix; 21% skip]

Basically, there was a signif freq effect:  LF > HF
Fix time on Amb wds fell between the other 2: & was significantly different from both
SOR – Results: other measures

Here are the results across other standard fix duration measures.

Including target measures = 
First Fixation Duration






Single Fixation Duration






Gaze Duration

As well as spillover measures = 
Total Fixation Time







the Next forward-going fixation







the Next 2 words after the target

Basically, the pattern of effects was identical across all measures

Except “NXT” – in which Amb did not differ from LF control condition

Conclusions – 1

• Ambig wds are simultaneously – HF forms & LF meanings

• The data do NOT seem to support either a strong Mod or strong Interactve account


Both models predict more difficulty than what was observed

Taken in the context of results from prior EM ambig. studies,


• The present data do seem to support a hybrid model in which –



both the prior context & the meaning frequency affect access
• These results are consistent with the following models


Reordered Access


the 2-Stage Modular-Interactive model


& the Independent Activation model

Conclusions – 2

• Given the dual nature of ambiguous words, the characteristics of the control word should be seriously considered.

• A LF meaning control can cast light on how context constrains meaning activation
• The bottom line is that future ambiguity studies should employ both controls.

Form

meaning

• But, what does freq have to do w/ ambig?

Results from studies that have varied all these factors have led to different proposed models of ambig resol

EM models of lex ambig resol
Modified versions of Interactive & Modular models

They additionally account for ordered activation of alternative senses based on their meaning freq
lcd: Measures of ambiguity:  INDIRECT
There have been numerous paradigms devised to investigate lex ambig resol

I’ve categorized them roughly as those that are:


Indirect (2o)   vs.   Direct (1o)   measures

I will go thru each quite briefly, because they illustrate the importance of being able to specify a time frame of activation.

Indirect meas are 2o because…

The classic example here is the x-modal priming paradigm

lcd: Example of Indirect: cross-modal priming
1. Ss listen to sentence containing an ambig prime word (BUGS)

2. Visual target presented after offset of the aud prime; Ss respond to it by LexDec or by naming it

3. Vis word related to 1 of meanings of ambig prime occurring in spoken sentence or it is unrelated (ANT,SPY,SEW)

4. Vis word presented at various intervals relative to the offset of spoken ambig word:

- immediate (0 ms ISI), or later (200 ms or more ISI)

5. Rationale:

- if context selects the proper sense, only that sense should be primed

- if context not have an early influence, both senses should be primed

The findings of these studies were that:


1. With a 0 ISI, all meanings of ambig word were initially accessed


2. At 200 or + ISI, only approp meaning was facil (priming only to ANT)

3. These results have served to establish the modularity of lexical processing as the generally accepted, dominant view.

In one of the few ERP studies to examine ambiguty
VanPetten & Kutas (1987) looked at ERPs to contextually appropriate and inappropriate targets following the ambig prime (similar to the x-modal situation, except theirs was all in the visual mode)

They found evidence to support the Interactive model:

- N400 to contextually approp targets (ANT) diverged earlier than the inapprop target (SPY) did from the unrelated control condition (SEW)

- ie, ERP showed a differential response to approp vs inapprop targets

The N400 component, however, is rather late in terms of the timing of lex events
In the EM Fast Priming study

Similar to x-modal, but ambig prime is “flashed on” for the 1st 30 ms or so of target wd fixation

Fix time on tgt is examined as a fucntion of prime relatedness to prior context

Results supported weak interactive model:

- priming was dependent on prior contxt, but other factors also played a role

Finally, unimodal priming (probe tasks) have been used (all visual)

Amb wd is sentence-final

Probe appears for LexDec or naming

Problems with – slow RT, slow stim presentation; control cond varies

lcd: Measures of ambiguity:  DIRECT
Direct meas are 1o because…

There have been numerous EM studies that have examined the fixation time on amb wds in normal reading.

lcd: Example of Direct: EM normal reading
In this particular experiment (Sereno, Pacht, & Rayner, 1992), a 2nd control word was used (BRIM) that is matched to the frequency of the meaning instantiated by the context – i.e., the meaning of the Sub sense (=LF wd).

[HF ambig word-form BANK = HF Dom meaning + LF Sub meaning]

The results of this exp showed somewhat mixed results:


Fix time on BANK = BRIM

does seem that there is selective access to the Sub or LF sense 


However, fix time on next word (what’s called ‘spillover’) showed



HF < LF < amb

Results of these & other studies support “reordered access” model – whereby activation of alternative meanings depends both on 

(1) their relative dominance and (2) the prior context

ERP wd-by-wd study

Basically same conditions as S,P,R (1992); except target was sentence-final

Also used a neutral context conditon

Results:  We found N1 effect of freq AND ambig such that:

- Amb wd in neutral context behave like HF (in neutral context)

- Amb wd in Sub-Biasing context behave like LF (in biasing context)

lcd: time lines
The purpose of this diagram is to review & summarize the time-course of context effects across the various methodologies 

(
that use RT, fix dur, ERP voltage amplitude
)

The question is: “When does context affect lexical access?”

My assumptions in interpreting these data are:

(1) lexical access occurs around 100-200 ms from AMBIG WD onset

(2) post-lexical processing occurs after 200 ms

Cross-modal

0 ms vs. 200 ms ISI

Infer from results that context only has post-lexical effect on ambig wd

ERP unimodal priming

0 ms ISI


Hatched lines represent N400 window (300-500 ms post-stim)

Interesting to note: 

cross-modal – used as evidence for modularity => earlier effect
ERP unimodal – used as evidence for interactivity
EM “fast priming”

direct EM (normal reading)

direct ERP (wd-by-wd reading)

CONTEXTUAL CONSTRAINT

While a context can be considered “biasing” in that it supports the meaning of a word, measuring the degree of support is typically subjective in nature.

Various attempts have been made to systematise these judgements.  Such methods include calculating Cloze probability or feature overlap between context and target.  There’s also been this recent focus on ‘global’ vs. ‘local’ contextual influence.

The variation in methodologies across studies, however, makes comparisons difficult.

A very recent computational approach by McDonald & Shillcock involving the latent semantic analysis of large textual databases seems to hold the most promise (McDonald & Shillcock, 2003).

(I hope to use this approach to systematically vary and measure contextual constraint.)

There are certain constraints from both the “front end” & “back end” of the fixation that limit the window within which lexical access occurs

Because fix times reflect word frequency, for example, then something close to lexical access must be achieved well before the end of the fixation in order to accommodate the lag-time for motor programming of the EM.

As before, this shows

· EMs establish a time window of lex process

Namely, vertical black band, from ~100-200 ms after fixation onset

· ERPs confirm & pinpoint 

Constrict, tighten, restrict, narrow

