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e Speakers and listeners consider their own perspectives as well as
their partners’ perspective in communication.
(Issacs and Clack, 1987; Wilkes-Gibbs and Clark, 1992, Brown-schmidt et al. 2008, Heller et al., 2008,)

speaker speaker’s perspective

listener

e This work studies how speakers estimates listeners’ interpretation of
discourse connectives (dc) in discourse relation production.

listener’s perspective
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Background ‘!PB??OIZ

e The Rational Speech Act (RSA) model is a unified framework that
models the interplay of language production and interpretation.

Imagine you are talking to
someone, and you want to refer to
the middle object. Which word
would you use, “blue” or “circle™?

listener

(Frank and Goodman 2012)



SFB 1102

4 h
Background !IDeaL

e The Rational Speech Act (RSA) model is a unified framework that
models the interplay of language production and interpretation.

(Frank and Goodman 2012, Goodman and Stuhimuller 2013)

¥

Blue

Ilstener
(Frank and Goodman 2012)

listener listener
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e The Rational Speech Act (RSA) model is a unified framework that
models the interplay of language production and interpretation.
(Frank and Goodman 2012)

listener speaker
RSA Speaker model: Psi (dc | DR,C) o< exp(a (log Lo (DR |dc,C)—Cost (dc))

RSA Listener model: P.i (DR | dc,c) o< Psi(de | DR,C) Pui (DR | C)
speaker listener

LO listener S1 Speaker L1 listener S2 Speaker M
5
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How hard it is to

How likely the listener can

interpret the dc correctly produce that dc

listener speaker

RSA Speaker model:  Psi (dc | DR,C) o< exp(a (log Lo (DR |dc,C)—Cost (dc))

RSA Listener model: P.i (DR | dc,c) o< Psi(de | DR,C) Pui (DR | C)
speaker listener

How likely the speaker will use that

: _ Expectedness of of the
actual dc to mean that discourse relation

discourse relation
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e Evidence supporting the RSA model is found in the production and
interpretation of e.g. reference expressions and scalar implicature.

e Typically, experiments are carried out in the form of a language game.

(Goodman and Stuhlmuller 2013, Qing and Frank, 2015, Frank et al., 2016, Degen et al 2019)

L

i
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The choice of explicit and implicit DCs was explained by RSA based on corpus analysis.

(Yung et al, 2017)
An experimental setup was used to examine the production of a DC given a discourse
relation, where each discourse relation was represented by a sentence continuation

(Yung and Demberg, 2018)

| had a very nice lunch with my old friend Chris today. | haven't seen him in a long time.
Chris loves music: he plays the saxophone (while / whereas / so) ......

- A. his wife is a ballet dancer.
- B. he has two children.
- C. he owns two saxophones.

A'is the actual continuation.

Your partner guesses it from A, B, C
based on the the word you choose.
Which word will you choose to as a
hint for your partner ?
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e A similar setup was used to examine the production of a DC given a
discourse relation. ‘

Unambiguous condition
(No competitor in the give options that share dcs with the target continuation)

| had a very nice lunch with my old friend Chris today. | haven't seen him in a long time.

Chris loves music: he plays the saxophone (while / whereas / so) ......
_unamb.

-A.his wife is a b_allet dancer. m Ais the actual continuation.

- B. he has two children.

Your partner guesses it from A, B, C
based on the the word you choose.
Which word will you choose to as a
hint for your partner ?

- C. he owns two saxophones.
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e A similar setup was used to examine the production of a DC given a

discourse relation.

Ambiguous condition . .

(Yung and Demberg, 2018)

(With a competitor in the give options that share dcs with the target continuation)

Chris loves music: he plays the saxophone

| had a very nice lunch with my old friend Chris today. | haven't seen him in a long time.

(while / whereas / so) ......

- A. his wife is a ballet dancer. B RNTETN

- B. he accompanies himself on the drums.
- C. he owns two saxophones.

Ais the actual continuation.

Your partner guesses it from A, B, C
based on the the word you choose.
Which word will you choose to as a
hint for your partner ?

10
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Evidence supporting RSA / pragmatic reasoning was confirmed.

300 400 500

200

B ambiguous

[ unambiguous

[] unrelated

no competitor with competitor
Condition

(Yung and Demberg, 2018)

Speakers do not have a
preference when both literally
correct dcs match the target
continuation.

Speaker prefers an
unambiguous DC when (they
think) the listeners may choose
the wrong continuation.

11
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e Qutside a language game, the set of interpretation is not limited and we
normally don’t see them !

e Will the result still hold in real-life situations?

| had a very nice lunch with my old friend Chris today. | haven't seen him in a long time.
Chris loves music: he plays the saxophone (while / whereas / so) ......

—

- A. his wife is a ballet dancer.
- B. he accompanies himself on the drums.
- C. he owns two saxophones.

A'is the actual continuation.

Your partner guesses it from A, B, C
based on the the word you choose.
Which word will you choose to as a
hint for your partner ?

12
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e Test speakers’ choice of “ambiguous™ and
“unambiguous” DCs without showing the possible
continuations.

e TJo do so, instead of manipulating the set of possible
options, we manipulate the expectedness of the
discourse relations in context.

13
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Expected condition Unexpected condition

(expected in context = actual continuation) (expected in context != actual continuation)
Chris is a professional artist and so is | am going to the music festival with my
his wife. However, his talent is very friends next week. | look forward to the
different from hers: he plays the particular performance by a musician
saxophone ... who can play two instruments at the

same time: he plays the saxophone ...

(while / whereas / so)
his wife is a ballet dancer.

(while / whereas / so)
his wife is a ballet dancer.

Neutral condition

Neutral context
for comparison.

Prediction: for the same discourse relation, the speaker will use an
unambiguous DC (e.g. “whereas” ) more in the unexpected
condition because it is harder for the listener to interpret.

14
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e \We made new stimuli focusing on three ambiguous DCs: these work well
in Yung and Demberng (2018) comparing with e.g. “when”, “and”
e 10-11 stimuli were made for each of the alternative meaning of each dc

(62 stimuli in total)

as reason (because) synchronous
(at the same time as)
since reason (because) precedence ( ever since)
while contrast (whereas) synchronous
(during the time when)

e \We validated the new stimuli with two pretests. The results of the pretests
are also used later in the analysis of the main experiment results.
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For each continuation, only one of the alternative readings should work.

Choose between since and ever since:
James has been studying very hard ever since he entered secondary school 2 years ago.
James has been studying very hard *because he entered secondary school 2 years ago.

Ask another group of workers to rate both versions. Each person sees only 1 version.

e.g. 1star | 2stars | 3stars | 4 stars average
(worst) (best)

ever since |0 0 2 13 3.87

*because |5 5 1 4 2.27

Contrast of the alternative meanings = 3.87-2.27 = 1.60 (53%)

Discard stimuli
with low contrast.

Average contrast per
stimuli = 62%

(0: both readings are equal)

16
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Pretest 2: bias of the contexts across conditions ‘

@® Ask another group of people to choose the better continuation given different contexts.

Contrast context: Chris is a professional artist and so is his wife. However, his talent is very different from hers:

Synchronous context : | am going to the music festival with my friends next week. | look forward to the particular
performance by a musician who can play two instruments at the same time:

He plays the saxophone... - whereas his wife is a ballet dancer
- at the same time as he accompanies himself on the drums.

“Whereas” “At the same time” . . .
continuation continuation Discard stimuli
Contrast-context 14 workers 1 worker with low contrast
Synchronous-context | 0 worker 15 workers
Average contrast per

stimuli = 68%
14/15 = 93% (0: both contexts are equal)

Contrast of contexts in the expected and unexpected condition =
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We constructed 31 pairs of stimuli covering both meanings of “as”,
“since” and “while”.

To further confirm whether the new stimuli can detect RSA-inference, we
first conduct the experiment in the restricted “language game” setting,
as in Yung and Demberg 2018.

All workers are recruited from Prolific.ac. The items and conditions are
evenly distributed. The questions and option orders are randomly shuffled.

18
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Which word will you choose to hint your partner to choose continuation A ?

Unambiguous condition

(No competitor in the give options that
share DCs with the target continuation)

(neutral context) | had a very nice lunch
with my old friend Chris today. | haven't
seen him in a long time. Chris loves music:
he plays the saxophone...

(while / whereas / so)

- A. his wife is a ballet dancer. (target)
- B. (filler continuation 1)
- C. (filler continuation 2)

Ambiguous condition

(With a competitor in the give options that
share DCs with the target continuation)

(neutral context) | had a very nice lunch with
my old friend Chris today. | haven't seen him
in a long time. Chris loves music: he plays
the saxophone...

(while / whereas / so)

- A. his wife is a ballet dancer. (target)
- B. he accompanies himself on the drums.
- C. (filler continuation 2)

19



Results: RSA effect is also confirmed by ‘m
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Yung and Demberg 2018
(36 stimuli x 12 workers x 2 conditions)

500

B ambiguous

400
!

[ unambiguous

[0 unrelated

300
!

Count of responses
200
|

100
|

no competitor with competitor
Condition

clunt

New stimuli
(62 stimuli x 15 workers x 2 conditions)

B amb [ unamb wrong
800

600
400

200

no competitor with competitor

condition

e 11% increase in unambiguous DC choice (significant difference (12 p-value< 0.0001)
e The choice was not as even in the “no competitor’ condition because this time we
used “because” rather than “as” as the unambiguous option for “since”.

20



Experiment 2: Production of discourse relations ‘m

in context without interpretation restriction SEB 1102
Expected condition Unexpected condition
(expected in context = actual continuation) (expected in context != actual continuation)
Chris is a professional artist and so is | am going to the music festival with my
his wife. However, his talent is very friends next week. | look forward to the
different from hers: he plays the particular performance by a musician Neutral condition
saxophone ... who can play two instruments at the

same time: he plays the saxophone ... Neutral context

Prediction: for the same discourse relation, the speaker will use an
unambiguous DC (e.g. “whereas” ) more in the unexpected
condition because it is harder for the listener to interpret.

21
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Instructions:

In each question you will see a few sentences, which are the first few
sentences of a story. Imagine you are reading this to your friend over the
phone, but somehow one of the words is blurred and you cannot read it
at all. What word or phrase would you say in place of it? Please choose

from the provided options.

22
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production without interpretation restriction

clunt
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Language game version Contextual expectedness version

B amb [ unamb wrong B amb [ unamb filler/ wrong
800

600

600

400
400

count

200
200

no competitor with competitor expected unexpected neutral

condition condition

No significant difference in proportion of “amb” and “unamb” DCs across conditions.

Unexpected condition has significantly more wrong answers. (xz p-value< 0.0001)
The proportions differ per DC and discourse relation, but there was no significant
difference across conditions in any of the dc or discourse relation groups.

23
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e RGSA effect is confirmed using a new set of stimuli under the
same restricted setting as in previous work.

e However, using the same set of stimuli under unrestricted
setting, the RSA effect is not confirmed.

e Speakers generally prefer an unambiguous DC for the target
discourse relation no matter if the discourse relation is
expected or unexpected in context.

24



Analysis based on pretest scores

e Pretest 2 scores each item by the “bias between expected-unexpected contexts”.

Count of unambiguous DC production

All items
Aplit at mean value)\A

High contrast items Low contrast items

400

300

200

100

B expected [ unexpected neutral

high (stronger primes) low (weaker primes)

Contrast between context across expected and unexpected conditions

iDeal

SFE 11042

Is RSA effect shown in
items where the
contrast between the
cross-condition
contexts is larger ?

No. There isn’'t any
significant difference

across conditions in
both groups.

25
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Analysis based on pretest scores SR 1 163

e Pretest 1 scores each item by the “contrast between alternative meanings of the
ambiguous DC”.

All items |
Aplit at mean \,a,ue)\A |s RSA effect shown in

: items where the
High contrast items Low contrast items
contrast between the

B expected [ unexpected neutral alternative meanings
is larger ?

500
400

- No. There isn’t any significant
difference across conditions within

both groups.

200

100

Count of unambiguous DC production

However, it is clear that speakers
use unambiguous dcs less often
when the contrast is small.

high (clear target DR) low (target DR is ambiguous)

Contrast between target and alternative DR
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Speakers prefer ambiguous dcs when the contrast between alternative meanings
is small.
If the contrast is small, the target relation we want them to produce is less clear.

E.g. James has been studying very hard (since/ever since) he entered
secondary school 2 years ago....

e Target production: temporal meaning

e Reason reading is also possible.

People may prefer an ambiguous DC because they are not sure which relation
they are “producing”, or they want to “produce” multiple relations.

Design drawback: the participants are partially acting as “listeners”.
Nonetheless, this design is used in both the restricted and unrestricted settings,
but cross-condition difference is seen only in the restricted setting.

27
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e As listeners, people are sensitive to the expectedness of discourse
relations in context. (pretest result)

e As speakers, people prefer to use unambiguous DCs.
o Unless they think the target discourse relation has multiple senses

e The DC choice is not affected by the expectedness of DRs even when the
contrasts in expectedness and alternative readings are high.

e Possible reasons:

O When the number of possible interpretation is not restricted to a small set, the
“unambiguous” dc option is not much more useful.

28
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e Restricted “language game” setting

...he plays the saxophone (while / whereas / so ) his wife is a ballet dancer.

Unambiguous condition Ambiguous condition
- B. (continuation that does not fit while/whereas) | - B. he accompanies himself on the drums.
- C. (continuation that does not fit while/whereas) | - C. (continuation that does not fit while/whereas)

/—\7/V_\ \/7

The listener will get it right no matter
if | choose “while” or “whereas”

The listener may choose B if |
choose “while”, so “whereas” is

clearer.

speaker

29
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Unrestricted “contextual expectedness” setting

Expected condition

Chris is a professional artist and so is his wife.
However, his talent is very different from hers.
Chris loves music:

Unexpected condition

| am going to the music festival with my friends next
week. | look forward to the particular performance by a
musician who can play two instruments at the same time:

he plays the saxophone (while / whereas / so ) his wife is a ballet dancer.

The continuation is natural / unexpected..
“Whereas” should avoid confusion

The superiority of “whereas” is
not clearer in the unexpected
condition.

-
speaker

O

30
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RSA predicts that when speakers think the listeners might have difficulty
interpreting a discourse relation, a more unambiguous DC is used.

We examined whether RSA prediction still holds in less restricted
conditions.

We manipulated interpretation difficulty by expectedness of the
discourse relation

It is challenging to test people’s preference in DC production:
o The difference between the DC choices is subtle.

o lItis not trivial to “instruct” the participants to produce a particular discourse relation.
31
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We first replicated the findings of Yung and Demberg 2018: confirming RSA
prediction in DC production under restricted condition where the set of
possible interpretation is pre-defined.

However, we did not find any significant difference of DC preference
between the expected and unexpected conditions when the set of
interpretation is not restricted.

It provides evidence that speakers do not estimate interpretation difficulty in
the same way when the alternatives are restricted and unrestricted.

32
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e The language game manipulates “ambiguity” but not “expectedness”.
Not direct comparison. We will next try a “combined version”.

expectedness version: unexpected condition
(expected in context != actual continuation)

friends
ext week. | look forward to the particular
performance by a musician who can play t

(while / whereas / so )
his wife is a ballet dancer.

game version: ambiguous condition
(No competitor in the give options that share DCs
y’rth the target continuation)

(neutral context) | had a very nice lunch with my
old friend Chris today. | haven't seen him in a long

time. Chris loves music: he plays the saxophone...

(while / whereas / so)

- X his wife is a ballet dancer.
- B. he accompanies himself on the drurys.

<

C. (filler continuation 1)

B~

33
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New stimuli: the difference is not significant when “because” is the unambiguous choice.

Language game : "as" vs "because"

B amb [ unamb wrong

125
73%

100
75

50

25

without competitor

74%

p=0.74

Language game: "since" vs "because"

with competitor

150

100

50

0

B amb [ unamb wrong

83%

without competitor

e The increase in unamb. DC choice is much clearer in other DC pairs

with competitor

% of unamb. DC

w/o competitor

With competitor

Chi-sq test P-value

“Since” vs “ever since”

82%

93%

0.007209

“As” vs “when/while” 72% 81% 0.063
“While” vs “whereas/bus” 68% 81% 0.007011
“While” vs “at the same time”etc 36% 42% 0.1962
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Reason ("as" vs "because")
B amb [ unamb filler/wrong

Reason ("since" vs "because")

B amb [ unamb filler/ wrong

125 150

100

100
75

50
50

25

expected unexpected neutral

expected unexpected neutral

e “Because” is a dominant DC for “reason”: people prefer it all the time .
e No significant difference across conditions.
37
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Grouped by target DR and dc options ,IDea

When the unambiguous and ambiguous dcs are similarly common SFB 1102

Contrast ("while" vs "whereas/but")

@ amb [ unamb filler/wrong
125

113
100 104 103

75

57
50 = =

25

expected unexpected neutral

Synchronous ("as" vs "when/while" etc.)

B amb [ unamb filler/wrong
125
100
75

50

25

expected unexpected neutral

e The preference on the unamb. version is less strong than “because”, but still strong.

e No significant difference across conditions.

38
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Grouped by target DR and dc options ,IDea

When the unambiguous is rare / hard to produce SFB 1102
Succession ("since" vs "ever since") Synchronous ("while" vs "when/during the time when/at the
B amb [ unamb filler/wrong same tlme aS" etc.)
100 B amb [ unamb filler/wrong
125
87 84 5

75 100

66
61 61

75
50
50

25
25

expected unexpected neutral expected unexpected neutral

e People choose the ambiguous “while” if the unambiguous alternative is long.

e Sitill, no significant difference across conditions.
But not the case in the “language

game” version. Why?

39
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e “Speakers” may be unsure about what relation they are “producing’.
Significantly more wrong answers in Contrast between alternative readings of the

. “ » . 0 (1P ”, 0 13 H ” ., 0
“unexpected” condition.) as” items: 65% “since”: 67% “while” : 56%

Synchronous ("while" vs "when/during the time when/at the
Overall same time as" etc.)
B amb [ unamb filler/ wrong RO - filfurong

600

125

1
400 00

count

75
200

50

25
expected unexpected neutral

condition 0

expected unexpected neutral
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Explanation by RSA speaker model SEB 1102
RSA Speaker model:

Psi (de | DR,c) o< exp(a (log Lo (DR | de,()—Cost (dc))

= (1 /no. of DR marked by dc) P(DR|C) | expectedness

Limit the possible interpretations:

Ambiguous DC Unambiguous DC
(while) (whereas)
No. of DRs in unambiguous condition 1 1

No. of DRs in ambiguous condition 2 Li(0rR |dc,C)=0.5 | 1 Li (DR |dc,C) =1
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Some people clearly used pragmatic reasoning:

| tried my best to use process of elimination by going through each word.

Tried to select a word that would not fit with the two wrong statements rather than the first
one | read which made sense. e.g. using "ever since" instead of "since" for a time related
reason.

process of elimination to see which Fits best!

tried to match each of the connective with all the options to find the one that only made
sense with the target sentence, to reduce ambiguity.

| went with what was grammatically correct and, sometimes, if more than one option worked |
read through the other choices to see what would not fit those answers.

If there were sentences that could fit multiple connectives, | tried to match all 3 up to their
own connectives and every time it eliminated any overlap from my initial method.

42
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Some said they did not use any strategy or consider the
alternatives

Il tried to chose the most grammatically correct option that also made sense from a tense perspective.

| just read the sentence fully to see which conjunction made sense.

| did not use any strategy, since | am a native speaker the right answers come naturally to me.

| just picked the answer that sounded best for the sentence in my head.

| read the lines out loud...then it made more sense to me.

No strategy at all. just picked the one conjunction that actually made sense in the context.

| chose the word that made the most sense. Sometimes there were multiple options that made sense, in
which case | chose the word that went most naturally in my opinion

Some learnt it as the game proceeded.

e |aimed to use the connective which couldn't work with the other sentence endings provided. Although, |
only learned that this was the optimal strategy after a few rounds.

e Initially I was using obvious completion and then when it was more ambiguous, | was looking to exclude
the other options as well.
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e Is it a matter of choice? Can people use pragmatic reasoning if they
choose to use it, e.g. when they want to win a language game?

e Do people use pragmatic reasoning outside a language game? Or is
the effect out-weighted by other factors in natural speech production?

e Concerning those people who said they did not use pragmatic
reasoning, did they choose not to use it or did they not know how?

e Did they actually use pragmatic reasoning without knowing it?
44



