Prosodic Effectson Garden-path Sentences
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Abstract

A garden-path sentence has temporary ambiguity dhatader or
listener need to resolve. Prosody is well-knownh&wve effects on
sentence comprehension so it is expected that lit affect the
interpretation of garden-path sentences. Howewveran auditory
comprehension test with natural speech, the ggpdémeffect may be
unclear because a listener can typically resohee ambiguity and
recover from the garden-path effect when the seetén completed.
Therefore, this paper investigates ways to enhansappress garden-
path interpretation in Mandarin by manipulating a#ing with pause
insertion and pitch reset. The results show thag Ipause at the
garden-path site enhances the garden-path (wramgypretation
which cannot be undone by pitch reset that encesrage correct
phrasing. The most effective way in prosody to eckathe garden-
path effect in Mandarin requires both long pauskldgh pitch reset.
Index Terms: garden-path effect, pause duration, pitch reseattion
time, sentence comprehension, Mandarin

1. Introduction

Garden-path sentences are grammatical sentencesniog a
fragment that lures readers into an improper parke. most
famous example is given in (1a) [1]. As readerwftisrs
receive the sentence sequentially, they tend te thk first
sectionThe horse raced past the barn as a complete sentence.
This initial parse as shown in (1b) is incorrecttdsaves the

final word fell dangled. A reanalysis is required to incorporate

the unattached worfdll. As presented in (1cjell is the main
verb linked to the sentential subjdairse, andraced past the
barnis a reduced relative clause modifying the subject

a. Grammatical garden-path sentence: Q)
The horse raced past the barn fell.
b. The initial parsing:
E The_ horseacedpast the barn] fell.
c. Reanalysis:

E[or The b horseraced past the barn]] fdll

In this paper, we define the boundary of the ihitimong
parsing ashe garden-path site, as in (2).

[s The_horseacedpast the barp] fell. ) (2
~—— Gendpath site

Another example of garden-path sentences is givéBa).
Here, the temporary ambiguity results from vertsj.

a. Grammatical garden-path sentence: 3)
The referees warnatie spectators would probably get too rowdy.
b. Initial parsing:
[sThe referees warnete spectators] would probably get too rowdy.
c. Reanalysis:
[sThe referees warnedthe spectators would probably get too rowdy.]]
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The wordwarn is a DO(direct object)-biased verb so that the
initial parse tends to treéte spectators as the direct object of
warned (3b). A reanalysis is required to trehé spectators as
the subject of the embedded clause (3c). This pigfares the
boundary where a new phrase is supposed to statheas
disambiguation site, as in (4).

[s The referees warned the spectators would probably get too rowdy.]] (4)
Disambiguation site

The garden-path effect has been examined in a great
number of word-by-word reading experiments across
languages [3][4][5]. But there are pros and conglifferent
experiment designs. A slowdown in reaction timettmword
after the garden-path site suggests that the readdoing
reanalysis to incorporate the extra materials totlge correct
interpretation. The comprehension accuracy scorethef
sentence may be lower, as the reader could faietover
from the initial parse when the parsed words disapgrom
the display window and cannot be reread. Neversselhile
garden-path effect can be measured in Rapid SeiglaV/
Presentation (RSVP) experiments and moving window
reading experiments, the word-by-word display métho
employed is not a natural mode of reading. Readessirave
difficulty recovering from the garden-path effe@chuse of
the unnatural pause after each word. Even though th
unnaturalness of presentation can be resolvedértragking
techniques, the eye-tracking techniques cannot eptewa
reader from regressing in and out of a word or freading
words repeatedly.

An auditory comprehension test design can effelgtive
avoid both problems in the sense that sentences bean
presented naturally with speech without requiredspaafter
each word, and the listener cannot get repeatealsexe to the
stimuli. However, in an auditory comprehension testh
natural speech, the garden-path effect may be anbkcause
a listener can reach the ceiling effect, resoltmg ambiguity
and recovering from the garden-path effect by the tthe
sentence is completed.

If there is a way to increase the task difficulty an
auditory comprehension test, we can then lowerciiéng
effect and use the test effectively to examine gaspath
effect. In this experiment design, we manipulatespdy to
examine the garden-path effect. In particular, meestigate
ways to enhance or suppress garden-path interijpretay
manipulating phrasing with pause insertion andhpitset.

1.1. A garden-path structurein Mandarin

The current research takes Mandarin as an example a
focuses on one garden-path structure in Mandarinbeeihed
subject relative clause placed in a matrix objeusipn as
presented in (5)—which has a type of temporary guoity
similar to the English example and is discussdg@]in



NP, V, Vs, NP, REL NR (5)
cunli xuyao  zhiyuan xiaofangyuan de yigong.
vilage need support fireman DE volunteer

a. ( ( 9

Garden-path site
“*The village needs to support firemen’s volunteers
b. ( oLy b
Disambiguation site
‘The village needs volunteers who can support itleeren.’

A relative clause in Mandarin is head-final, whettee
modifying clause comes before the head noun [7]s Th
different from English where the head noun comderbethe
modifying clause. In a head-final relative struetlike (5), the
reader/listener is unaware of the boundary of atike clause
and tends to take NP2 as the object of the mairseldeading
to the garden-path effect and online processinficdify. The
initial parse “The village needs to support firerhais
incorrect. Reanalysis is required when the head nisun
reached to form the main clause “The village needs
volunteers”. The garden-path site is marked in ,(5#)ich
indicates the boundary of initial wrong parsing. eTh
disambiguation site is marked in the reanalysis),(Bihich
indicates the place where a new phrase is supgostdrt.

1.2. Prosody in sentence disambiguation

1.2.1. Prosodic boundary

Prosodic boundary can be manifested by pauses éetwe
prosodic phrases. Pauses often occur at major cimta
boundaries. However, the more complex the syntactic
constituent, the more likely a pause is to app&lar [

In the speech perception of ambiguous sentencesaneh
has shown that the listener can reliably separaanings by
detecting the prosodic breaks (pause) [9]-[10]. Elesv, as
the duration of the pause increased, the partitihan
interpretation of the ambiguous sentences seememhoie
away from the intended meaning and towards thenative
meaning.

Based on these studies, this paper hypothesizeshbat
garden-path effect in auditory comprehension of &y be
enhanced by inserting a long pause at the gardingite.
With a pause between utterances, the listener agkcthe
played speech as a constituent and find it haedtézh the up-
coming speech to the fully analyzed constituentusTht is
expected that a long pause at the garden-patmaiyedistract
the listener from getting the accurate interpretati

1.2.2. Pitch contours

Intonational contours may provide a cue for théetisr to
detect the sentence structures. In [11]'s eye mewerstudy,
the participants listened to,V-Adv-N, sequences in German,
where the case marking in; N6 ambiguous (the nominative
case and the accusative case share the surfacg fortie
SVO prosody, the listeners looked to the patiententban to
the agent during the adverb (i.e., before the disgmating
phrase N came out). The postverbal anticipatory movement to
the upcoming constituent shows that the intonatouwld
provide a cue for the expected interpretation.

Another two interesting phenomena in prosodic pitch
contours are declination and pitch reset. Thera general
tendency for pitch to lower as a sentence progsessaich is
an effect referred to declination [12]. The dediioa effect in

Mandarin was examined by asking participants todpce
sequences of high-level tones (tone 1) ranging feoto 11
syllables long [13]. The results show that the FEglide is
salient near the beginning of the utterance. Lorsgeitences
would have higher initial pitch than shorter seot=n On the
other hand, the FO reset in fluent Mandarin speedurred at
the initial of syntactic phrase across speaker$. [(t4 other
words, syntax and semantics influence how phrages a
grouped and manifested in prosody. Based on tledi@ds in
Mandarin, this study assumes that the garden-paitesces
such as (5), with 11 syllables long, should dispkug
tendency of declination in speech as well. To disigomate
such sentence, a pitch reset at the disambiguaiten(\,),
signaling the start of a new boundary, may be sistance.

1.3. Resear ch questions

The current research examines the garden-pathneesteén
Mandarin as in (5). The research questions thigystu
addresses are: (i) Can pause insertion alone on péset
alone enhance or suppress the garden-path effért®q
pause insertion and pitch reset interact and affextauditory
comprehension of the garden-path sentences? (ligtVere
the most effective ways to enhance or suppresgdnéen-
path effect? In other words, this study manipulatesfactors,
pause insertion at the garden-path site and pésbtrat the
disambiguation site, to enhance or suppress in ceimepding
the garden-path sentences. If the garden-path teffec
enhanced, there should be more comprehension earats
longer reaction time. On the other hand, if thedgarpath
effect is suppressed, there should be fewer corepsibn
errors and faster reaction time.

The hypotheses underlying this study are as follaiish
the pause inserted at the garden-path site whichdatead to
a temporary ambiguity, it is expected that the taugi
comprehension should not benefit from such mantfuia
and that the longer the pause, the more likely tbiobtain an
incorrect interpretation. On the other hand, thehpreset at
the disambiguation site provides the listener vattcue of
starting a new phrase. Unlike the pause insertidheagarden-
path site, the pitch reset is more of a benefit daditory
comprehension. Since one prosodic manipulatioresgtied
to mislead the listeners and to enhance the gardtmeffect,
and another manipulation is designed to aid therlers and
to suppress the garden-path effect, we expect éo tke
interaction of these two conditions.

2. Experiment
2.1. Methods

Participants. Thirty-five National Taiwan Normal University
undergraduate students participated. All were pasipeakers

of Taiwanese Mandarin.

Materials. Five garden-path sentences with the same staictur
as (5) were created. The sentences were recorde@mal
speaking rate by a male linguist with no prosodieak and
pitch reset at phrase junctures.

The original recordings of the garden-path senteneere
prosodically manipulated by inserting a pause atghrden-
path site, as shown in (5). The pause varied irgtken
including 0 ms, 200 ms, 400 ms, 600 ms, and 800Trhes.
first word at the disambiguation sitep,,Mvas exaggerated in
pitch. The pitch raise included 0 Hz, 20 Hz, 40 Bi@,Hz and
80 Hz. This gave rise to a 5 x 5 (pause duratigitoh reset)



design, 25 versions for each sentence. Noticetligatone of
the first word at the ¥in the five target sentences included
tone 1, 2, 3, and 4. In the statistical analydes,tbne factor
was included as an independent variable in theessgyn
model.

Procedure. First, a fixation appeared on the screen for 580
and then a spoken sentence came from the headphidters
the whole sentence was played, one comprehensiestion

appeared on the computer screen. The questionsd aske

whether the matrix subject (NWPdid something (V) to the
head noun of relative clause (Pwhich all required a “yes”
answer. Participants were encouraged to achieveh hig
accuracy and to respond as quickly as possibleel§y knew
the answer.

2.2. Analyses

Hierarchical regression model was run to see waetbf contributed
most to the model. Reaction time and accuracy efctimprehension
questions were dependent variables and collecte@doh trial. The
independent variables included tone, pause duradiwhpitch reset.

2.2.1. Reaction time

The mean reaction time was plotted against pausaidn in
Figure 1 Each panel ifFigure 1represents the tonal category of
the word with pitch manipulation (i.e., the firsomd of \,).

Mean reaction time Mean reaction time
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Figure 1. Mean reaction time in each level of palisation
(up)/pitch reset (down) for each tone

Pause insertion

As can be seen from the figure, the tone 3 looki&erent
from the other tones that the former elicited re&y short
reaction time at the levels of 200 ms, 400 ms, BG) and
elicited almost the same amount of reaction timesz all
levels of pitch reset. This may result from thet fdat raising
the pitch of tone 3 leads to a change of tonalgmate To
remove this confounding, tone 3 was excluded irsthgstical
analysis.

The reaction time data were analyzed by hierarthica

multiple regression. The independent variables etqrause
duration, and pitch reset) were added to the regnesnodel
one at a time. The interaction between pause durand
pitch reset was then added to the fourth block. Slopes
(beta) reported below referred to the amount oécatffthe
individual levels of independent variables expldor the
dependent variable.

In the first block of the regression model, thegpendent
variable tone was entered. The tone had no signifie
influence on the reaction timeR’=.004, F(2,522)=.946,
p=.389. This gives us confidence to say that thaifstgnt
differences in reaction time, if any, are due toe th
manipulation of pause duration or pitch reset.

The pause duration was entered into the second lmbc
the regression modeR?=.030, F(4,518)=3.470,p<.01. The
slopes show that there was a linear effect of pausere
longer pauses elicited longer reaction time theesdoshow
that there was a linear effect of pause where lopgeises

elicited longer reaction time (with an exclusion @fhs, see
Figure 2. The pitch reset was entered into the third blo€k
the regression modé3*=.085, F(4,514)=7.763,p<.001. The
slopes of the pitch reset indicate that there whsear effect
of pitch where higher pitches elicited longer reacttime

(Figure 2. The interaction between pause duration and pitch

reset was entered into the fourth block of theessgjon model,
R?=.139, F(16,498)=1.947 p<.05. However, the interaction
effects did not have a linear tendency to incraéhsereaction
time. The conditions that contributed significantly the
model only involved 400ms*40Hz (beta=.2G4498)=3.067,
p<.01), 600ms*80Hz (beta=.183(498)=2.757,p<.01), and
800ms*20Hz (beta=.153(498)=2.304,p<.05). As the three
interactions all involved positive slopes, it susfgethat their
contribution to the model was to increase the feadime. In
other words, the garden-path effect may be enhanceer
these conditions.
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Figure 2. Reaction time in pause duration (lefg pitch
reset (right)

2.2.2. Comprehension accuracy

The comprehension accuracy was analyzed by hiecatch
logistic regression. The independent variables gtopause
duration, and pitch reset) were added to the regnesnodel
one at a time. The interaction between pause duraind
pitch reset was then added to the fourth block.ighe
reaction time, the tone (with an exclusion of t@)ewhich
was entered into the first block had no explanafmwer for
the comprehension accura®¥=.012,y%(2)=2.846 p=.241.
The pause duration was entered into the second loibc
the regression modelR’=.064, x*(6)=15.593, p<.05. The
parameter estimates (slopes) show that there wadfeat of
pause where longer pauses elicited lower accurigyré 3.
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Figure 3. Comprehension accuracy in pause durégéh
and pitch reset (right)

The pitch reset was entered into the third block tloé
regression modeR’=.191,,%(10)=48.073p<.001. The slopes
of the pitch reset indicate that there was an efédcpitch
where higher pitch settings elicited lower accurééyure 3.
The interaction between pause duration and pitsetrevas
entered into the fourth block?=.346,5°(26)=90.529p<.001.
However, upon closer inspection of the parametémates
(slopes), the interaction conditions did not malgnificant
contribution to the regression model.



2.3. Summary

Prosody can either enhance or suppress the gaaderefiect.
Most of the conditions show an enhanced garden-gffgict,
with one exception in the reaction time of 200 rAslong
pause (600-800ms) at the garden-path site enhatees
garden-path effect, whereas a short pause supprebse
garden-path effect. Pitch reset at the disambignoasite,
however, cannot rescue the listener from the gapdén
interpretation. Contrary to the expectation, theénbighe pitch,
the easier it is to make a garden-path effect. Sigaificant
interaction lied in the 400ms*40Hz,
800ms*20Hz.

3. Discussion

This research investigated the effect of prosody the
interpretation of garden-path effect sentences. the
regression model used the Oms and OHz as the mefere
groups, the Oms and OHz cannot undergo paramstsritethe
regression models. To further explore the effecteath
condition (particularly, the reference groups), ssraabular

data for comprehension accuracy and reaction time a

provided and discussed below.

First, look at the comprehension accuracy in Tablglost
of the answers were correct. Only a few cells viewner than
90% correct, and they all lied in the lower-righiamgle. It
means that the native speakers were able to prdbess
sentences, and that these manipulations in theesely not
create sentences that are unnatural and incommmilenThe
results also show that using pause insertion arhpieset
individually (the first row and the first columnespectively)
did not contribute to any significant effect in tharden-path
sentences. However, employing pause insertion #clal geset
together can produce effects, which is a contrivutio the
search of ways to enhance the garden-path effeptasody
(shaded cells in Table 1, with the lowest comprsten
accuracy occurring in the 600ms*80Hz).

Table 1. Cross tabular data for mean comprehemsiouracy (SE) (100%)
Pause
Pitch 0 ms 200 ms 400 ms 600 ms 800 ms

0Hz | 1.00 (.000)[ 1.00 (.000)] 0.95 (.048)| 1.00 (.000)| 1.00 (.000)

20 Hz_| 1.00 (.000)[ 1.00 (:000)| 1.00 (.000)| 076 (:095)| 076 (-095)
40 Hz_| 0.95 (.048)[ 0.90 (.066)| 0.67 (-105)] 0.95 (.048)| 1.00 (.000)
60 Hz_| 1.00 (.000)| 0.90 (.066)| 1.00 (.000)| 1.00 (.000)| 0.90 (.066)
80 Hz_]0.90 (.066)] 0.90 (.066)[ 0.86 (:078) JOISAEID)| 0.71 (101)

Note. The underlined cell (Oms*0OHz) is the condition esd no prosodic
manipulation was made. The shaded cells indicatectnditions where the
comprehension accuracy was lower than 90% correct.

Now, turn to the reaction time in Table 2. The lowight
triangle was worse both in comprehension accuracy a
reaction time. The pause insertion alone (the fitsiv)
suppressed the garden-path effect. Every cell enfitist row
had faster reaction time than the original, unatlespeech
(Oms*0Hz). This is opposite to the hypothesis iis tstudy,
where a long pause at the garden-path site is seppto
enhance the garden-path effect. One possibilithas pause
insertion has multiple functions. Pause insertioithout
lowering the pitch of the preboundary words may de
indication for listeners to anticipate somethingngato appear.
Signaling phrasing may require the presence ofrothes.
Then, the pitch reset alone (the first column) sagped the
garden-path effect only at the 20Hz level. Howewghen
pitch reset was further added (40-80Hz), the gapigh
effect was enhanced rather than suppressed. Toppssite to
the hypothesis in this study, where a high pitcbetet the

disambiguation site signaling the start of a newapé is
supposed to suppress the garden-path effect. Gssibidy is
that with raised pitch at M5), the pitch level right before the
pause insertion (NfP may be interpreted as final-lowering,
which may be closer to the naturally produced piaseffect
of phrasing. Such phrasing would make the listerters
interpret a garden-path sentence incorrectly.

Table 2. Cross tabular data for mean reaction (B (unit: ms)

600ms*80Hz, and

Pause
Pitch 0 ms 200 ms 400 ms 600 ms 800 ms

945.81 449.57 652.38 547.81 935.72

0 Hz (144.60) (54.04) (75.92) (71.01) (92.20)
690.91 641.76 677.72

20 Hz (67.05) (96.69)
1092.90 930.43 1024.67

40 Hz (129.74) | (123.00) (207.41) | (116.40)
1330.57 840.33 906.24 1070.38

60 Hz (194.77) (75.70) (91.30) .
1136.95 1016.86 1029.00 1249.19

80 Hz (130.44) | (164.60) | (188.14) (183.65)

Note. The underlined cell (Oms*0Hz) is the baselineditbon where the speech
was unaltered. The shaded cells indicate the donditvhere the reaction times
were longer than the baseline condition.

4. Conclusions

This study examines how prosody enhances or suggzdke
garden-path effect in auditory comprehension. Tieces of
pause insertion and pitch reset in the garden-geitences are
not linear. To enhance the garden-path effects)gupause
insertion or pitch reset alone is not effective.ngopause
insertion and high pitch reset are both requiredefthancing
the garden-path effect. It is expected that theesaffective
manipulation, long pause insertion and high pieset, should
assist in raising the ceiling (i.e., more likely sappress the
garden-path effect and obtain accurate interpogtpti if
prosodic boundary is correctly placed at the nomiga-path
site (i.e., the disambiguation site).
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