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Abstract

Two visual world eye-tracking studies investigattte
effect of emotions and actions on sentence praugssi
Positively emotionally valenced German non-candnica
object-verb-subject (OVS) sentences were pairedh it
scene depicting three characters (agent-patietradioer)
as either performing the action described by theesee,
or not performing any actions. These scene-sentpaite
were preceded by a positive prime in the form dfappy
looking smiley (vs. no smiley) in experiment 1 andthe
form of a natural positive facial expression (vi1egjative
facial expression) in experiment 2. Previous rededras
demonstrated the effect of action depiction on eyerd
processing of German OVS sentences (Knoeferle,k@rpc
Scheepers, & Pickering, 2005). Moreover, emotional
priming facilitates sentence processing for olded a
younger adults (Carminati & Knoeferle, 2013). Hoeev
up to date there is no evidence as to whether satiem
faces such as smileys are as effective as natacakfin
facilitating sentence processing. These insighad I® the
hypotheses that participants would not only préfim
depicted events, but that processing of OVS seatenc
might also be positively affected by emotional cueks,
we assessed the degree of naturalness the emofimeal
needs to possess to affect sentence processingltRes
replicate the predicted effect of action depictigs. no
action depiction). The expected facilitatory effeof
emotional prime is trending in both experimentswidweer,
the effect is more pronounced in the natural faeesion
(exp. 2) than in the smiley version (exp. 1).

Keywords: Sentence Processing; Visual World Paradigm;

visually situated language comprehension; eye menésn
emotional priming; iconic, natural facial expressio

Introduction

al., 2005; Sedivy et al.,, 1999; Spivey et al., 2002
However, existing research has focused mostly on
assessing how object- and action-related visual
information influences spoken language comprehensio

By contrast, the integration and role of socialteatual
cues into language processing, such as emotiooall fa
expressions is still under-examined, and we doknotv
which degree of naturalness (and correspondingegegfr
detail) is needed for comprehenders to exploit théet,
in natural conversation such social cues are highly
relevant for interpretation and the extent to whibby
rapidly impact language comprehension deserves
attention.

Additionally, we do not know to which extent the
portrayal of facial emotions and action evergkative to
one another modulates visual attention and language
comprehension. The link between social cues (&g.,
smile) and their associated scene aspects (othkssarn
a positively valenced action) is naturally moretthan
the link between an action and its corresponding.ve

We therefore assessed whether adults can makefuse o
direct action-related visual information on the drand,
and contextual social information of varying degife
naturalness on the other hand for sentence conmsieime
of non-canonical German object-verb-subject (OVS)
sentences. We used OVS sentences since these are
grammatical but non-canonical in German. They permi
us to assess to which extent their associated gsoge
difficulty is alleviated by the two manipulated suero
motivate our studies in more detail, we first revie
relevant literature on the use of visual referérdantext
of depicted actions in sentence comprehension,hen t
effect of extralinguistic social cues on sentence
comprehension and on the difference between sciemat

Monitoring people’s gaze behavior in a visual cahte versus natural facial expression depictions.

rovides a unique opportunity for examining the . .
iF;lcrementaI intggrationpp of v)i/sual and Iinguistic Sentence Comprehension and the Visual Context
information (Tanenhaus et al., 1995). Non-lingeisti Adults can rapidly use visual referential contexi f
visual information can rapidly guide visual attemti disambiguating structurally ambiguous sentencesaln
during on-line language processing in adults (e.g.feal-world study, the context showed an apple, @plea
Chambers, Tanenhaus, & Magnuson, 2004; Knoeferle & a towel, an empty towel and a box and partidgpan
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listened to related sentences (eRut the apple on the emotional face recognition has also used computer-
towel in the box They immediately fixated the apple generated schematic faces; generally the evidence
located on the towel upon hearing the ambiguouagehr suggests that these are recognized as well asahé&ioes

“on the towel”. They thus used the visual context t (e.g., Ruffman, Ng, & Jenkin, 2009, Ohman, Lundgvis
interpret “on the towel” as the modifier of “the @e”, & Esteves, 2001; Chang, 2006).

specifying its location (Tanenhaus et al., 1995)lulés We do not yet know, however, whether schematic or
can further use depicted actions to facilitate rolereal facial expressions are equally facilitating€uauring
assignments in non-canonical OVS sentences (Krieefersentence processing. Is a schematic expressionewher
et al., 2005). In a visual world eye-tracking studijpart  emotion is stripped down to its bare essential.(érg
scenes depicted agent — action — patient events; asmileys) sufficient, or do we need more detailedl an
participants inspected the scene, they listenegttence- natural emotional information to elicit emotional priming
initial ambiguous German SVO and OVS sentencegffects on online sentence comprehension? The mirese
describing the events (e.g., a princess was dep@btel research addressed this question while buildingthen
described as being painted by a fencer). Resultgeeviewed results.

demonstrated that participants used the depictéidnac

events to rapidly anticipate role relations andhesthe The Present Research

initial ambiguity. In two visual world eye-tracking experiments we

. . . investigated how the processing of non-canonicahf@a
Effects of Extralinguistic Social Cues (Faces) OVS sentences is influenced by two cues, i.e.,tifa)

Can other aspects of the visual context such agresence (vs. absence) of an emotional prime (degm
extralinguistic social cues likewise modulate aadlitate  in exp.1; a natural facial expression in exp. 2, Hj, and
the processing of structurally difficult sentencé®., (b) the presence (vs. absence) of depicted actients.
facilitate role assignment in non-canonical OVSparticipants saw either an emotionally positiveneri
sentences? Emotions and emotional facial expressi®n  (smiley in exp. 1 or positive natural expressioreip. 2,
essential for social interactions. They are extegi see Fig. 1) or an incongruent prime (a star in Bxmd a
exploited when interpreting an interlocutor's udtletes sad natural expression in exp. 2) followed by parti
and feelings (cf. Nummenmaa, Hyona, & Calvo, 2006)scene depicting three characters (agent — patient —
Moreover, using emotional priming in a visual world distractor, Fig. 2). Shortly after the onset of wene,
paradigm, Munster, Carminati and Knoeferle (2014)participants listened to a positively emotionalBlenced
showed that videos of dynamically unfolding emogéilon QVS sentence describing the scene in a “who-does-wh
facial expressions of real faces facilitated thecpssing to-whom” fashion Den Marienkafer kitzelt vergniigt der
of emotionally valenced canonic8VO sentencesvhen  Kater, transl.: ‘The ladybug (patient) tickles happityet
the emotional valence between prime face and targefat (agent)). In half of the trials the action rtiened in
sentence matched. Dynamic emotions are furthethe sentence (e.g., tickling) was performed by the
recognized faster and more accurately and eli¢tiaeoed  characters and depicted as an object on the s¢reera
and prolonged cortical responses vs. static copatey feather, see Fig. 2); in the other half of theldtiahe
(see e.g., Harwood, Hall, & Shrinkfield, 1999 anec®,  characters did not perform any actions i.e., ncectsj
Sommer, & Schacht, 2011 for ERP evidence). Despitgvere depicted (Table 1). Participants orally ansgdea
this, the processing of emotional sentences wasllgqu comprehension question in the active or passiveevoi
facilitated by natural dynamic and static facedMiiinster  asking for the agent or the patient of the actiexp( 1) or
et al., (2014; see also Carminati & Knoeferle, 2013 a passive comprehension question asking for thierat
In summary, the findings by Munster et al. (201A8ia of the action (exp. 2) after each sentence.

by Carminati and Knoeferle (2013) showed for thstfi Regarding the processing advantage for depicted
time that facial expressions can incrementally mateu actions (Knoeferle et al., 2005), we predicted lfation
adults’ processing of emotional sentences. Yet, thén processing the OVS sentence when an actionn@s.
referential integration of emotional valence wasepu  action) was depicted. This should manifest itselfriore
semantic. However, using non-canoni€¥S sentences fixations towards the agent of the sentence (ve. th
the present study focuses on the facilitation ofgistractor) in the depicted-action condition tharttie no-
compositional integration, i.e., the anticipatidnactarget  action condition. Importantly, in the depicted-aati
agent prior to it being mentioned in a sentencgainiole  conditions we expect fixations to the agent to be
ambiguous situation. anticipatory (i.e., appearing before the mentionthod

) agent), if listeners are able to use the actioonsgiively
Degree of Naturalness: Real vs. Schematic Faces while they process the sentence (Knoeferle e28D5).
For interpreting utterances in natural social $itms, we  Additionally, we predict more looks (anticipatory wot)
can rely on the full range of facial features anotions  towards the agent (vs. distractor) in the posit{ve.
used to denote an emotional expression. Howeveincongruent) prime condition, if the positive enoidl
whether the degree of naturalness of the faciatemgion prime facilitates processing of positive non-cacahi
matters (in modulating emotional effects on sergenc(OVS) sentences.
processing) remains to be seen. For instance,robsea
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with each other, the single-cue conditions shouidws
higher accuracy.

Experiment

¢

Figure 1: Positive emotional primes for exp. 1 (em)i
and exp. 2 (happy natural facial expression)

Participants

40 adults (ages 18-30) participated in experimesmd 40
different adults in the same age range participated
experiment 2. All had German as their only mother
tongue and normal or corrected-to-normal vision.

Materials and Design

Materials and design were identical for both experits,

except that exp.1 used a happy smiley (vs. a sténije

exp. 2 used a happy (vs. unhappy) natural facial
expression as a prime (Fig. 1).

Figure 2: Example scene of an experimental trigh wi We created 16 experimental positively valenced
depicted actions associated with the OVS sentBece German OVS sentences in the form ‘The [ag@ftaive

Marienkéafer kitzelt vergniigt der Kater. cas] [Verb] [positive Adverb] the [patieRfminative cad’ and

28 filler sentences (thereof 24 SVO sentences)erFil
sentences were balanced for neutral and positikenee.

For each sentence we created a clipart scene. The 1
experimental scenes each consisted of three ckesact
(agent — patient — distractor). The sententialgohtivas
always the middle character. Both agent and disirac

é‘

Table 1: Experimental Conditions
a) positive action Den Marienkéfer kitzelt
prime depiction vergnilgt der Kater
Transl.: ‘The ladybug
(patient) tickles happily

_ _ thecat(agent) character were facing the patient. The patient wwa
b) pqsmve no action Den Marienkafer kitzelt  t5ced the agent of the sentence (see Fig. 2). The
prime vergnugt der Kater characters were balanced for left and right pasitig,
c) incongruent action Den Marienkafer kitzelt  across items and the different experimental lidtke
prime depiction vergnugt der Kater scenes for the 28 filler sentences depicted either 3
d) incongruent no action Den Marienkafer kitzelt  characters, balancing out the number of charadters
prime vergnugt der Kater scene across all 44 trials. In addition, in expe2avanged

the positioning of filler characters, so that agemd

Concerning the prime manipulation, we predict morepatient did not always face each other and/or were
pronounced effects with the real face (exp. 2) tt@ positioned next to each other. This was done togme
smiley (exp. 1) if the natural facial expression ds strategy development as to who is interacting witiom.
stronger cue than the iconic smiley. A strongeeafof To match the positive sentence valence, the agent
the natural face should manifest itself in moreafians portrayed a happy facial expression in all expeniake
towards the agent in the positive (vs. incongruenthe  scenes. The patient always portrayed a neutrakeegm
condition compared to the smiley version. Regardiy  and the distractor character a slightly negative. on
interaction between the depicted action and thétipes  For each experimental scene we created two versions
prime, we predicted more looks towards the agest (Vthe same picture. One version where the action verb
distractor) in the condition where both cues arespnt mentioned in the sentence was depicted (i.e., the
(vs. single cue or no cue conditions) if both coas be  characters are performing the action of the seeleramd
integrated and used to facilitate role assignménth@ one version where the characters were not perfaymity
same time. If, however, the different cues intexfeith  action, i.e., they simply stand next to each otHeictions
each other, we should see more fixations towards thwere depicted, both the agent and the distractaracher
agent (vs. distractor) in the single cue conditirs the  performed an action towards the patient (middle
two-cue condition). character, see Fig. 2). In the filler pictures, iact

Offline, a processing advantage for the depictdac depiction was balanced, so that in half of all Adlg an
condition (vs. no-action) should manifest itselsalin  action was depicted.
higher accuracy for the comprehension questions. We crossed the depicted-action vs. no-action scenes
Likewise we predict higher accuracy for the prinws.(  with the positive prime vs. incongruent prime caiudi.
incongruent prime) condition, if the positive enoodl  |n exp. 1 the prime consisted of a happy lookingleyn
prime facilitates the comprehension of the non-c&®  the incongruent prime condition consisted of a.shar
OVS sentences. Regarding a possible interactiavue$, exp. 2 the prime condition consisted of a womaatsd
we predict higher accuracy for the two-cue conditfes.  expression showing a broad and open smile, the

Single-CUE) if both cues addlthQ'y facilitate ammg the incongruent prime condition had the same woman
comprehension question. If, however, the cues firer
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portraying a sad expression. As only the positivedid not find main effects of prime or action defwat The
emotional expression matches in valence with thénteraction between prime and action depiction aiz®
sentence and the facial expression of the targmtitagee  not significant. However, we saw a main effect ofce
call the positive facial expression the prime. Wk nefer  (p<.05). Subjects’ answers were significantly more
to the star (exp. 1) and the negative facial exgloes(exp.  accurate when the comprehension question was posed

2) as the incongruent prime condition. the active than in the passive voice. Moreover found
an unexpected significant voice x prime interaciiothe
Procedure item analysis (p<.05). This interaction shows tttad

chresence of the emotional prime proves helpful for
answering the comprehension question but only with
questions in the passive voice (Fig. 3).

An Eyelink 1000 Desktop Mounted System with remot
setup monitored participants’ eye movements. Ohby t
right eye was tracked, but viewing was binoculaaclE
trial started with a prime (happy smiley for exp.of

positive natural facial expression for exp. 2) or !

*

incongruent prime (star for exp. 1 or negative dhci ——
expression for exp. 2). The prime in exp. 1 was@néed 48

for 1750 ms, the prime in exp. 2 was presentecb500 47 l

ms. Both prime versions were accompanied by thkespo 46 I

phrase “Look!” to catch participants’ attention agidect 5

it to the following scene. 2000 ms after the orsfethe  **

target screen the sentence was presented. 500enshef

end Of the Sentence, a” depICted aCtIOHS (|f pTQSRere prime inconruent prime prime incongruent prime|
removed from the scene and the comprehension quoesti
was heard. After participants had responded to th
question, the experimenter proceeded to the néadt tr
Each experiment took approximately 30 minutes. (exp. 1)

active passive

T:igure 3: Voice x prime interaction in the accuraesults

Main results for the accuracy analysis in exp. 2.

AnaIYS_iS o ) Participants answered 95.6% of the comprehension
We divided the sentence into individual word regi@amd question correctly. Results yielded a significafie of

a long region encompassing the whole sentence. We waction depiction (p<.05) and a marginal effect dfre.
focus on our 'cr|t|cal reg|ons_(the Verb and Adverde  \yhen an action was (vs. wasn't) depicted, partitipa
Verb region is the first region where the agenttt# \yere significantly more accurate in answering the
sentence can be anticipated if an action is dapiotethe question. Moreover, they were more accurate when th

screen. The Adverb region gives away the valend®@®f |,o1ance of the prime was positive (i.e., congrughgn
sentence and thus matches in positive valence thegh |\ han it was incongruent.

prime in the prime condition. For each region (aand
combined Verb-Adverb region), we computed the mea
log gaze probability ratio according to the formula
(p(agent)p(distractor)).Ln refers to the logarithm ang
refers to probability. This ratio expresses thes b
inspecting the agent relative to the distractore Tatio
does not violate the independence and homogenéity
variance assumptions, which makes it suitable fo

comparing looks to two scene regions with parametri . -
: of all analyzed regions show that participants |lootre
tests such as Analyses of Variance (ANOVAs, seag, e. at the agent, i.e.. the subject of the sentence thes

Arai, Van Gompel, & Scheepers, 2007). More looks to. ! X . -
the agent (vs. distractor) are indexed by a pasitog _d|stractor) when the er_notlonal prime 1 p05|tlyes.(v
ratio. More looks to the distractor (vs. agent) isudexed mc_ong_ruent), but only n the condition for whichn a
by a negative log ratio. action is also present (Fig. 4).

We computed mean log gaze probability ratios fahea
region separately by participants and items. Thesans
were then subjected to ANOVAs with participants and
items as random effects. Accuracy scores were ctadpu
for each experiment by condition.

rMain results for the eye-movement analysisekp. 1
Results revealed a significant effect of actionictégn in
all analyzed regions (all ps<.05), indicating aost
preference to look more at the agent (vs. distragtben
6he mentioned action was (vs. wasn't) depictedha@ugh
we did not find a significant effect of the emotabn
prime, nor any interactions, the means of the auféons

Main results for the eye-movement analyisisexp. 2.
Results revealed a significant effect of actionictégn in

all analyzed regions (all ps <.05), indicating aost
preference to look more at the agent than the aditir
when the mentioned action was (vs. wasn't) depicted
Moreover, we found a marginal effect of prime foet
Results Adverb, Verb-Adverb (Fig. 5) and the long regionhi

Main results for the accuracy analysis in exp.Qnly the interactions were not significant, the meansalbf
experimental trials were included in the analysesanalyzed regions clearly show that participant lowre
Participants answered 95.93% of all trials corgectve  at the agent (vs. the distractor) when the emoiprime
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(happy face) is presented (vs. incongruent prinbe)t, prime is not explicitly mentioned in the sentendée

only when actions are also depicted. listener arguably must infer the relationship betwéhese
different kinds of cues (facial prime, the targeesat's
facial expression and sentence valence) to intedhsm
during sentence comprehension. It appears that this
integration does not happen on the fly, unlike i&hing
a direct link between the depicted actions and .
Thus, the emotional cue may only be used to rehsonf

J I the role relations that are assigned by “direct&nence to
the visual context when the action is depicted.

As regards the facial prime manipulation, we obsdrv
essentially the same prime x action interactiontepat
(Fig. 4) with the schematic smiley (exp. 1) as witte
depicted action no action natural facial expression (exp. 2). These results a
broadly in line with findings that viewers recogmiz
schematic and natural faces equally well (Ruffmiale
2009; Ohman et al., 2001; Chang, 2006, but seeaRi&z
Burgund, 2014, for evidence that processing of feets
L . may be more holistic than that of schematic ones).

’ However, our analyses revealed a marginal effect of

‘ I prime on sentence processing with natural face ggim
(but not with the smileys). The natural facial eegsion
appears to be used to a greater extent during remnte
interpretation and thematic role assignment thae th
smiley. A further reason for this difference coldd a
design feature of our experiments. In exp. 2 the
incongruent prime condition was a sad face whilexp.

looks
SOOI W
DWANO PN CO— QI

mean log probability ratio of

prime incongruent| prime incongruent
prime prime

Figure 4: Prime x action interaction for the adviesgion
(exp. 1)

s o o
B [o)} o0 —

mean log probability ratio of looks

.
¥

o 1 this condition was a neutral star symbol (i.et, & sad
prime incongruent prime smiley). This may have contributed to enhancingraibn
Figure 5: Marginal effect of prime for verb-advesgion to the positive face (i.e., because it appearamintrast to
(exp. 2) a sad one in exp. 2). In turn this may have couteith to a

greater effect of the natural happy faces on sesten
Discussion processing in exp 2 than for the happy smiley ip &xIn

In two visual-world eye-tracking experiments, we addition, the natural faces were presented longer,
assessed to which extent adults can use depictemhac arguably enabling more in-depth interpretation bé t
and positive facial emotions for understanding non£motions and thus stronger effects on visual ateent
canonical OVS sentences. Moreover, we investigated Another factor that may have contributed to a bette
whether the form of the prime face (schematic el r integration of the natural face prime into the jessing of
face) modulates potential facilitative effects dfet the sentence (in combination with the design factor
emotional primes on sentence processing. mentioned above) is that in exp. 2 the natural priace
Our results show that participants make extensse u ‘fitted’ better with the experimental context, inet sense
of depicted action events (vs. no actions) in idgng that this face was more r(_eadily perceived to befahe of
the agent of the sentence when processing the OVi§e speaker of the following sentence (which waskep
sentences. More interestingly, adults also seemake DY a female voice). This arguably contributed todering
use of the non-linguistic social cue, i.e., theipes the experimental scenario of exp. 2 more naturalise.,
emotional facial prime in processing the OVS sepgsn More similar to everyday situations in which we cee
Crucially, the means of the action x prime inteices non-linguistic information such as the facial exgsien of
indicate that the emotional cue is only used inour interlocutor to help us interpret the linguistnput
combination with a depicted action being also prese Within its (non-)linguistic context. Moreover, as éxp. 2
irrespective of its schematic or natural appearafee We also ruled out possible strategic effects reggrthe
possibility is that the facial expression is merebed for ~ facing of agent and patient characters, the effeatot
reassurance purposes, i.e., because it corrobothges be due to an inspection of the pictures alone.rtteioto
already powerful cue provided by the depicted actia  reliably assign thematic roles, visual cues haveb¢o
fact, the action object depicted on the screerreafilly ~ intégrated into the processing of the linguistiolin .
links to the linguistic input (the verb). On théhet hand, From clues such as facial expressions we attribute
when the positive face prime appears without thioac Mental states to others (“Theory of mind”, Premack
the link between the prime, the agent's positiveidia Woodruff, 1978) and we expect human interlocutars t
expression and the positive valence of the sentémce Pehave coherently. Thus we expect a person witpay
much less direct, perhaps also because the vatdrtbe ~ face to say something positive. In exp. 2 the h&ppy
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prime set up this expectation, and this may habaeced Isaacowitz, D. M., Wadlinger, H. A., Goren, D., &
looks to the target agent. By contrast, we dousotally Wilson, H. R. (2006). Selective preference in visua
interact with smileys and thus a smiley as a “spgak fixation away from negative images in old age? Ae-e
may not elicit the same kind of expectation. Thétleu tracking studyPsychology and Aging, 240-48.

effects of the emotional prime vs. e.g., results bysaacowitz, D. M., Allard, E. S., Murphy, N. A,
Carminati & Knoeferle (2013) and Minster et al. 12D &Schlangel, M. (2009). The time course of age-edat
could also be due to the different processing types preferences toward positive and negative stinmitiie
investigated. Thematic role assignment is arguably Journals of Gerontology Series B: Psychological
cognitively more challenging task than semantic- Sciences and Social Sciences, gbn036.

referential processing, and thus may result in weak Knoeferle, P., Crocker, M. W., Scheepers, C., &

integration of the social cue since attentionalbueses Pickering, M. J. (2005). The influence of the imnaee

needed are higher. visual con- text on incremental thematic role-
To conclude, although a schematic smiley pravide assignment: Evidence from eye-movements in depicted

sufficient information to facilitate sentence presiag in events.Cognition, 9595-127.

combination with depicted actions, our results mev Kozel, N. J., Gitter, A. G. (1968). Perception afation:

some evidence for the view that a natural faciabttonal Differences in mode of presentation, sex of peeriv

expression can lead to a subtly stronger primirfgcef and race of express®€RC Rep. 1836.
and thus is better integrated into the interpretatof = Minster, K., Carminati, M. N., & Knoeferle, P. (201
emotionally valenced OVS sentences. How Do Static and Dynamic Emotional Faces Prime
Incremental Semantic Interpretation?: Comparinge®ld
and Younger Adults. IProceedings of the 36th Annual
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