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Outline: Part 2

 Theoretical preamble
— Coupled conversation partners...

 The cross recurrence plot and
quantification (CRQA)

 Results obtained using these analyses

Coupling in Other Dimensions

« Face-to-face communication
involves multi-dimensional
management

— Eyes, visual common ground
— Gestures

— Pitch, rate, etc.

— Words, sentences, topics, etc.

— Turn taking




Language?

Coupling

+ An analogy to the beam is
perhaps the “common
ground” shared between
conversants

— Knowledge (local, global),
goals, affinity, etc.

+ Like the pendula,
conversants may synchronize
in a similar manner

Language Usage

« Synchrony in interaction
(Condon & Ogston, 1966).
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Language Development

« Synchronization of bodily
movements with speech (e.g.,
Condon & Sander, 1974).

 Synchrony between caregivers
and their own children (e.g.,
Bernieri, et al., 1988).

» Mother-child synchrony offered
as one factor influencing child
socialization, e.g., antisocial
behavior (Criss, et al., 2003).




Alignment = Recurrence

« At least 4 benefits to recurrence
methods for exploring psycholinguistic
alignment

 Benefit 1: Naturally applied to
naturalistic data

 Benefit 2: Amenable to categorical units
of measure (e.g., words, sentence
structure, topic, etc.)

Alignment = Recurrence

« Benefit 3: Flexible exploration of coupling
dynamics (e.g., temporal lag)

+ Benefit 4: Flexible metrics (e.g., syntactic
similarity, semantic similarity, etc.)

« Benefit 5: Despite such extensive, flexible
application, the result is subjected to common
statistical tests (e.g., GLM, etc.)

Mutuality, “coordination”
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Recap: Auto Recurrence

“Auto recurrence’:
Same time series on x and y axis

Points show where series is recurring

in time... t
Always symmetrical around line
of identity

Quantify plot: ke
How many points, overall? (%REC) t
How often in sequences (%DET)
How long a sequence on avg.? (mean line)

Recap: Cross Recurrence

“Cross recurrence”:
Different time series on x and y axis

(e.g., network 1, network 2) SEJ-.

|

Points show when series are t

in the same state i!
Most often not symmetrical around
line of synchronization (main =.
diagonal) 4

Quantify plot:
How many points, overall? (%REC)
How often in sequences (%DET)
How long a sequence on avg.? (mean line)




Recap: Cross Recurrence

“Cross recurrence” additional
analysis:

Exploit the line of synchronization
to see whether two systems are
coupled: more points

(“matches” in their behavior)
should fall at or around

the line of synchronization.
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diagonal recurrence profile

Exercise 1: Diag. Rec. Profile

Which networks are coupled?

Networks 1 & 2

Beturente et of netvan 114

Networks 1 & 6

Pacumwics Plat of nebvan 1 22




Networks 1 & 2

Networks 1 & 6
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Fig. 3. The lefi-most plot is a mean phi coefficient between matching states, at given lags, across the 6 categories, for th
time series shown in Fig. 2; The middle plot shows a cross recurrence plot (CRP) between the nominal two time series show

in Fig. 2 with m = 1, 7 = 1 sample (33ms), and ¢ = 0; the right-most plot shows the diagonal-wise recurrence rate, Ry, o
that CRP. Note the similarity between the mean phi cocfficient on the left and the diagonal-wise recurrence rate to the right.
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CTy represents the set of four marginal sums (row and column) of the CT. When the CT is larger than,
2% 2, as it is in this case, one can reduce it to the test of interest in the following simple way. First, let
a B o,

Dale, R., Warlaumont, A. S., & Richardson, D. C. (2011). Int. J. of Bifurcation and Chaos.
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Child Language Data Exchange System .m,.

CHILDES is the child language component of the TalkBank system. TalkBank is a
° M system for sharing and studying conversatonal interactions,
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« Ti Other Child Language sites Database Maruais S.

BTS sign transcription systen

Phonology and Fonts Teaching with CHILDES
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Lexical Time Series Data...
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Cross Recurrence Plot (CRP) abe030.cha
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Syntactic Time Series

« Raw syntactic time series for caregiver and
child
— No plural marking (subject-verb agreement)
— Auxiliary verbs used
— Proper nouns used
* 6 most common:

— Verbs (22%), nouns (15%), pronouns (15%),
communicators (6%), determiners (6%) ,

Caregiver erb # Prep Noun... E =
Child: Noun Verb Noun # Prep.. t

e Window size: 2 (bigrams)
e Sentence boundaries permitted to generate
recurrence (e.g., ... Noun # ...)
e Recurrence point when bigrams are the same

prepositions (6%)
Dale & Spivey, 2006, Lang. Learn.
Plot Conditions Results: % Recurrence
Time Series
B Same B Next
Age Transcript Child Caregiver(s) 2.5
~2 yTSs. 1 l . same * * *
2 next 9%
3
4
S ol NN Iy =
~5 VTS.

% Dale & Spivey, 2005




A simple extension: %DREC (+/- 20)

20

B : ) ’ : T 20,420

WEYNTE LY /\

ey o
/O

-70,+70

Exercise 2: Diag. Rec. Profile

Using time series of words...

Diagonal %REC Profile
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Dyadic Coupling

« Responsiveness of caregiver may be crucial to
development... (Lewis, Fogel, Oller, etc.)

Feedback loop hypothesis: Vocalization by

infant supported by adult responses, which
elicits further vocalization, etc. (Warlaumont
et al., 2010; Warlaumont et al., 2014).

Suggests that language disorders may involve

a breakdown of this social dynamic.

« E.g.: ASD.

lenafoundation.org

Research Arnicke

A Social Feedback Lrnn fnr @noach

Development and It:

Annc §. Warlaumont', Jeffrey |
and D. Kimbrough Oller**

We smlyred the sicrossudure of ol
reccedings (13836 b weaD) of cheldren |
moee Eeely 0 respond whes the child
& child's vocslization was moee bleely |
recetved an Enmodate sdull soponse &
ke Bt there is & social foadbuck koop !
feedbuck loop applics i both typical &

Warlaumont et al., 2014




Visual “Common Ground”

 Joint attention often considered fundamental
to emergence of language
— Evolution (Tomasello, 2001)
— Development (Baldwin, 1995)
« Coordination of attention across visual field
fundamental to communication (Clark, 1996)

— Gestures, actions, pointing, etc. (e.g., Clark &
Krych, 2004)

Eye Movements and Language

« Speakers fixate objects to be named ~1000ms
prior to naming them (e.g., Griffin & Bock,
2000)

« Listeners may require approx. 500-1000ms to
fixate on a mentioned object (e.g., Tanenhaus
et al., 1995)

« Time course of eye-movement coordination in
ongoing comprehension?

Eye-Tracking & Comprehension

+ 4 individuals generated narrative stimuli

« Viewed scene w/ television characters, discuss
for ~60 seconds

» Eyes tracked

— Which panel/character was being fixated was
sampled at 33ms

— Unique speaker eye-movement time signature
over 60 seconds...

Listeners

49 participants acted as listeners

« On headphones, listened to stories
recounted by speakers

 Eyes similarly tracked

« Tested w/ 4 comprehension questions
concerning remarks by the speakers




Example Eye tracking Recordings

Crosshair: Speaker's fixation

Light dot: High accuracy listener
Dark dot: Low accuracy listener

Speaker [_]Accurate listener

Il Inaccurate listener

Fixated panel
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——Speaker - High accuracy listener

24 | ~@—Speaker - Low accuracy listener

‘ Speaker - Randomized listener

22 1

20 7
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10 + r l N - . r . {
-4000 -2000 0 2000 4000 6000 8000 10000
Time of lag (ms)

Richardson & Dale, 2005, Cog. Sci.

Results

« Higher eye-movement coordination,
higher comprehension performance

— At 25, %REC significantly related to
performance on questions (r = .33, p < .05)

« Shorter coordination lag, higher
comprehension

— Lag of maximum %REC significantly
related (r = -.34, p < .05)

Richardson & Dale, 2005, Cog. Sci.

Exercise 3: Dialogue

Eye-movements during dialogue

: T RQA & CRQA
g 5 o Dagoms ¢
C ' ‘ | E g




% Recurrence

- Conversants

15
‘ —o—Randomized conversants

84 g

-6000 -4000 -2000 0 2000 4000 6000

Time of Lag (ms)

Richardson, Dale, & Kirkham, 2007, Psych. Sci.

More CHILDES

« Is syntactic coupling robust over
window sizes?

— Window sizes: 2, 3, and 4

« Does caregiver or child lead
coordination?

— Are there significant patterns of leading/
following in child-caregiver interaction?

%

Results: %REC
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Leading and Following

» Abe exhibits small tendency to lead caregiver
— Abe farthest in grammatical development (mean-
length of utterance)
 Sarah exhibits small tendency to follow
caregiver
— Sarah delayed relative to Abe in grammatical
development
« Naomi shows no significant leading or
following across transcripts

Leading over time?

Abe

score

- child
caregiver(s)

Naomi Sarah shuffled child

~2 yrs. t ~5 yrs.

Dale & Spivey, 2006

Extract Profile Features

Tangram task: two people work together
to identify unfamiliar shapes.
1 1s director ; 1 is matcher

Extensive work
has shown
entrainment:
they come to
employ similar
phrases...

Round 1

“The guy kind of carrying the triangle and walking...”

“Oh yeah, oh yeah...”

“The guy with the triangle again...” Round 2

“Yup...”

“Triangle guy...” Round 3

“Got it...”

Dale, Kirkham, & Richardson, 2011, Front. Psych.




60

50

30

%REC

20
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max(%REC)

kurtosis
mean (lag)
SD(%REC)

lag max(%REC)

-5 0
Lag (seconds)

5 10

1 2 3 1 2 3
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Dyads N = 20
Round 1 Round 2 Round 3
w0 ] kurtosis kurtosis kurtosis w0
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Dale, Kirkham, & Richardson, 2011, Front. Psych.

max(%REC)

wi  Across rounds,
SD(%REC) .
as speech guides
visuomotor
systems:
lagmaxsRrEc)
mean %REC max %REC lag location
60 60 1
F %X 0.75
45 45 M *X%
0.5
30 N 30 0.25

15 —
Round 1 Round 2 Round 3

15 —
Round 1 Round 2 Round 3

o —
Round 1 Round 2 Round 3

Dale, Kirkham, & Richardson, 2011, Front. Psych.

Exercise 4: Leading, following

Which networks are coupled;
which ones are leading?




24 dyads
8 trials each

Louwerse, M. M., Dale, R., Bard, E. G., & Jeuniaux, P. (2012). Cognitive Science.

in Multimodal C icati 14

Table 1. Overview of coding schemes for face, gesture, dialog act, and language actions (Ekman et al, 2002 codes in parentheses)

Modality Group Channels

Face And Head Mouth Eyes Eye Brows Head
Smile (AU12) Blink (AU45) Tnner brow raiser (AUI)  Nodding
Lip tightener (AU23) Squinting (AU44) Outer brow raiser (AU2)  Shaking
Pucker (AU23) Widening eyes (AUS)  Down-frowning (AU4)
Mouth open (AU25/26) Rolling eyes (M68) Asymmetrical
Mouth in “0*-shape (AU27)
Biting lip (AD32)
Pout (AU17)

Manual Gesture ~ Beat Iconic Symbolic
Deictic Metaphoric

Touch Face Touching face
Chin rest

Language Dialog Acts Connectives Descriptives
Instruct Acknowledgment Alright Relative direction
Explain Reply-Y No Compass direction
Check Reply-N ok Color
Align Reply-W Um Digit
Query-YN Clarify Well Spatial prepositions
Query-W Ready

p,—

Louwerse, M. M., Dale, R., Bard, E. G., & Jeuniaux, P. (2012). Cognitive Science.
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%REC profile
%

%REC profile
%

One person leading?

Lag Lag
= O = O
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* 03| £
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< follower leads giver  seconds

giver leads follower >

Louwerse et al., 2012, Cognitive Science

< follower leads giver  seconds  giver leads follower >

Louwerse et al., 2012, Cognitive Science
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Intra-personal structure (giver / giver)

%REC

gesturing / stroking face

%REC

gesturing / head shake

0 8 8 2 2 @ 6 s 10

o
Lag
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008]

%REC

gesturing / biting lip

0 s . 4 2

[ 2 0 6 L)
Lag

T gesturing / instructing

S s 4 = 2 0 ® O

0
Lag

Synchronization in Multimodal Communication 20
Table 2. Cross-Recurrence between Interlocutors for all actions with significant synchrony
Channels Observed excursion from  Cross-recurrence Vs Orde .
base line (|Sec|) baseline (v; = 1) raer Dialog Ink

Modality Action Start - End Peak lag v, F 1GIF IRag  umber  Blots
Faceand head  Eye squint 0-1.75 1.00 4576 7.54%% v v

Eyebrow down 0-2.75 1.25 5344 3.85% v v 4

Laughing 0-4.75 0 13792 122.61%* v v ++

Smile 0-7.75 0. 23008 1333.88%* v i

Nodding head 0-3.75 0.75 9952 62.21%* v v 4

Shaking head 0-3.00 1.00 9952 37.82%* v v ++ ++
Gesture Deictic concrete 10.00 — 37.50 25.00 83680 107.99%* v ++
Touch face Chinrest 12.50 - 50 27.50 172000 11.42%* v ++

Stroking 0 - 40.00 18.75 114400 181.25%* v v R =
Dialogue acts Acknowledgment  0.25 - 1.75 075 3808 33.73%* v T+

Clarify 2.250 - 8.00 6.75 17632 12.54%* v ++

Explain 2.75-21.75 15.00 49888 111.75%* v 4

Query-YN 10.50 - 22.75 16.25 37600 35.19%* v v 4He ++

Reply-N 0-1.75 1.00 4576 60.18%* v v
Connectives Alright 075-475 1.50 6112 3.86% v T+ -

No 0-250 0.75 7648 56.25%* v v ++ ++
Descriptives Compass direction  1.00 - 16.75 8.75 45280 59.25%* v v --

Color 1.75 - 17.00 9.75 32992 366.30%* v - -

Digit 2.750 - 27.75 17.50 68320 226.25%* v v ++ ++
Note. Pluses and minuses mark positive and na;ati\'c |'cgrcs<m p < .05 - p < 01, - p < .05.

Louwerse, M. M., Dale, R., Bard, E. G., & Jeuniaux, P. (2012). Cognitive Science.

Multiple, different scales?

Smile
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Multiple, different scales?
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Exercise 5

« Open exercise, if there’s time...

« Linguistic translation tools allow you to

rapidly create your own linguistic time
series for RQA/CRQA...

Outline: Part 2

 Theoretical preamble
— Coupled conversation partners...

 The cross recurrence plot and
quantification (CRQA)

« Results obtained using these analyses
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