Using free-view eye-tracking to study
spoken language processing

Instructors: (LSA 363)
Michael K. Tanenhaus
(mktanenhaus@gmail.com)*

John C. Trueswell

Graduate Assistants:
Katie Carbary
Austin Frank
Natalie Klein
Course Website:
http://www.ircs.upenn.edu/igert/LSA363



Overview*

* We review some of the “visual world” literature with
an eye towards:

— highlighting how visual world paradigm can be used to
address issues in:

phonetics

spoken word recognition

parsing,

reference resolution

production

experimental pragmatics and interactive conversation

— considering methodological issues that arise when using
eye movements to examine spoken language processing

— providing students with some hands-on experience
designing visual world experiments

* all bad puns should be attributed to JCT unless otherwise noted



Lectures

Date Topic and lecturer

715 intro, eye movements (JCT, MKT)

7/9 speech, words, pitch accents (MKT)

712 sentence processing, expectation (JCT)
7116 referential domains, implicature (MKT)
7119 parsing to learn and vice versa (JCT)

7123 production, perspective-taking (JCT, MKT)

7125 conversation, future directions (MKT, JCT)



Labs and Discussion

« Times to be arranged

— Tuesday and Wednesday (We need three 2 hour blocks)*
— Discussion and demos with head-mounted ISCAN, TOBII portable

 Labs:

Lab 1: Referential ambiguity and point of disambiguation (T, W July 10-11th)
Lab 2: Speaker eye gaze in verb learning and parsing (T, W July 17-18th)
Lab 3: Common ground in spoken conversation (T, W July 24-25th)

* Each student attends one section each week (your assigned section)



Why use eye movements to study
spoken language in a “Visual World"?



Why spoken language?

» Talking and listening are primary
— All societies have spoken language

— All children learn to converse, initially by
talking about the world.

» Other forms of language are derivative
— Most languages don’t have writing systems




Ignoring speech can encourage scientific balkanization,
making it easier to ignore duality of patterning:

speech perception--> word recognition-->syntactic processing--> sentence
interpretation--> discourse representation

Duration:

cap/captain (in strong position, vowel in cap is longer)
But information structure of discourse can affect duration.

Put the cap above the captain. Now put the cap/captain...
Put the CAPtain

Moral: “high” and “low” level subsystems can share the same
input data



Why use saccadic eye movements to
study spoken language?

» Consider what spoken language is like
from two perspectives

— Language unfolding over time as a
sequence of transient acoustic events.

— Conversation as a joint activity between
two or more people.



The unfolding signal

1. Language unfolds over time.

Put the apple on the towel...

e o e

444444

Time (s)

beetle, beacon, beak, beep...

2. Processing is closely time-locked to the unfolding
utterance.

3. Requires monitoring moment-by-moment
comprehension with careful control of the signal.
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Example 2: Sentence processing

Paradigms have required de-contextualized language

e.g., cross-modal priming

The lawyer represented the doctor who
testified that the bug frightened him



Interactive conversation
Gibberish?

1 *ok, ok | gotit* ele...ok

2 alright, *hold on*, | got another easy piece

*| got a* well wait | got a green piece RIGHT above
that

—

2 above this piece?

1 well not exactly right above it @
it can’t be above it

1 it's to the...it' doesn’t wanna fit in with the cardboard

2 it's to the right, right?

1 yup

2 w-how? *where*

1 *it’s* kinda line up with the two holes

2 line ‘em right next to each other?

1 yeah, vertically

2 vertically, meaning?

1 up and down

2 up and down



Brown-Schmidt & Tanenhaus (in press, Cognitive Science)

Eye-tracker

\

A curtain separates the subjects.

Resource areas




Participants replace stickers
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Interactive conversation
Gibberish?

1 *ok, ok | gotit* ele...ok

2 alright, *hold on*, | got another easy piece

*| got a* well wait | got a green piece RIGHT above
that

—

2 above this piece?

1 well not exactly right above it @
it can’t be above it

1 it's to the...it' doesn’t wanna fit in with the cardboard

2 it's to the right, right?

1 yup

2 w-how? *where*

1 *it’s* kinda line up with the two holes

2 line ‘em right next to each other?

1 yeah, vertically

2 vertically, meaning?

1 up and down

2 up and down



Spoken Language in a Different Tradition

Prototypical experiment requires participants to interact in goal-driven task

Take the shape with
thee, uh, the circle

above the triangle and,
uh..

Yeah, the dancer

You mean the
one that looks
like a dancer
with a fat leg

Director Matcher



Reasons for separate traditions

Methodological:

It has been difficult to study language in “natural”
contexts with precision necessary to examine time-
course.

e A




Why eye movements?

ballistic measure

can be used with continuous speech
natural response measure

low threshold response

subject is unaware

does not require meta-linguistic judgment
closely time-locked to speech

plausible linking hypothesis:

Probability of eye movement at time (t) is a function of
activation of possible alternatives plus some delay for
programming and execution (~200ms)



Eye movements allow us to study spoken
language in rich contexts with precision
necessary to examine time-course.

Is this a good thing?

No: (confuses language with non-linguistic stuff)

We should be studying how we construct/generate linguistic representations.
In visual world, we introduce task-specific strategies, etc.

Yes:

There is always a context, it always matters; understanding how the system
works in a rich environment can be more informative about basic principles
than studying the system in an impoverished environment (analogy with vision;
bottom-up or top-down).

We can manipulate action/goals/language/display




Cards Video



Allopenna, Magnuson & Tanenhaus (1998)

Eye camera

Scene camera

Pick up the beaker




Fixation Proportions over Time
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Proportion of fixations

Fixation Proportions summed over an interval
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Fixation time over an interval
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Fixation time over an interval
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Activation

e Activation converted to probabilities using the Luce
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Put the apple on the [towel in the box

i~

Tanenhaus, Spivey-Knowlton, Eberhard & Sedivy (1995) Science,
Spivey, et al. (2002) Cognitive Psychology




Put the apple on the [towel in the box.
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Put the apple on the towel in the box. A
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Other measures/terms

Contingent analyses:
response contingent:

speech (McMurray et al., 2002, Cognition)

reference (Runner et al., 2003, Cognition)
look contingent:

time to target from picture X after point in the signal
(Dahan & Gaskell, in press, JML)

Point of disambiguation (POD):

Eberhard et al., 1995, JPR,

Anticipatory eye movements:

Altmann & Kamide, 1999, Cognition
The boy ate the cake



Point of Disambiguation

Late Match
U Z i Pick up the empty martini glass ...
Early Match

D D Z i Pick up the emvpty martini glass ...*

* Assumes listeners will immediately interpret prenominal adjectives such as
empty contrastively (i.e., there should be one empty X and one not empty X). See
Sedivy et al. (1999) Cognition for supporting evidence.
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Late Match

Early Match
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Late Match

Early Match

10 L T

Fixation Probability

Pick up the empty martini glass ...

g 4 N
gy -
—— P

-— (

Time since gnsetfof determiner (ms)

—&— Target
—&— TargetO)
—@— Comp
—O— CompO
—=— Other

Fixation Probabilits

Pick up the empfly nfartini glass ...

Time since onset of determiner (ms)

—&— Target
—&— TargetO|
—@— Comp

—O— CompO

—=— Other





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


