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Research on spoken languages has identified a ‘‘subject preference” processing strategy for tackling input
that is syntactically ambiguous as to whether a sentence-initial NP is a subject or object. The present
study documents that the ‘‘subject preference” strategy is also seen in the processing of a sign language,
supporting the hypothesis that the ‘‘subject”-first strategy is universal and not dependent on the language
modality (spoken vs. signed). Deaf signers of Austrian Sign Language (ÖGS) were shown videos of locally
ambiguous signed sentences in SOV and OSV word orders. Electroencephalogram (EEG) data indicated
higher cognitive load in response to OSV stimuli (i.e. a negativity for OSV compared to SOV), indicative
of syntactic reanalysis cost. A finding that is specific to the visual modality is that the ERP (event-
related potential) effect reflecting linguistic reanalysis occurred earlier than might have been expected,
that is, before the time point when the path movement of the disambiguating sign was visible. We sug-
gest that in the visual modality, transitional movement of the articulators prior to the disambiguating
verb position or co-occurring non-manual (face/body) markings were used in resolving the local ambigu-
ity in ÖGS. Thus, whereas the processing strategy of ‘‘subject preference” is cross-modal at the linguistic
level, the cues that enable the processor to apply that strategy differ in signing as compared to speech.

� 2018 Elsevier B.V. All rights reserved.
1. Introduction

The phenomenon of subject preference, whereby the first-
occurring noun in the sentence is assumed to be the grammatical
subject, is attested for multiple spoken languages (Wekerly and
Kutas, 1999; Bader and Meng, 1999; Tamaoka et al., 2005). Multi-
ple psycholinguistic studies indicate that processing of sentences
where the object precedes the subject – e.g. in flexible word order
languages, or in relative clauses in fixed word order languages –
induce a higher processing load during comprehension (Malaia
et al., 2009, 2012a, inter alia). The reliability of this phenomenon
in well-studied languages, however, does not mean that the phe-
nomenon is universal. For example, examinations of languages
with basic word order in which the object precedes the subject
have shown an opposite effect – an increased cognitive load for
subject-first sentences, indicating that sentence-processing load
is conditional upon syntactic parameters of the language being
processed (Yasunaga et al., 2015).

The present study further tests the assumptions behind the sub-
ject preference phenomenon by asking whether the cognitive load
is indeed driven by the modality-independent representation of
language in the human brain, or whether the cognitive load
incurred might depend on the sensory processing pipeline. Testing
of the subject preference prediction in sign language, in the visual
modality, can help dissociate between the contribution of the two
processing components.

The study of sign languages is a valuable tool to investigate how
language modality may influence the structure and neural repre-
sentation of language and thus provides important implications
for spoken language processing. At the same time, the investigation
of sign language processing enables us to identify processing mech-
anisms related to the modality in which a language is expressed.
Sign languages are natural languages showing the same complex-
ity, as well as language-specific differences, as spoken languages;
however, they are expressed in the visual modality (Emmorey,
2002; Sandler and Lillo-Martin, 2006). Sign languages are produced
by manual means (hands and arms) and non-manual means
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(e.g. brow raise, eye gaze, head/body/shoulder position), whereby
non-manual cues function as relevant linguistic cues on all levels
of the grammar: they can be a phonological part of lexical entries
of signs, they can function as morphological markings (e.g. aspect
marking, adverbial/adjectival marking), they differentiate specific
sentence types on the syntactic level, function as discourse markers
on the pragmatic level, and are also relevant prosodic cues (see e.g.
Aran et al., 2009; Benitez-Quiroz et al., 2014, 2016; Cooper et al.,
2011; Neidle et al., 2000; Parashar, 2003; Pizzuto et al., 1990;
Wilbur, 2000, 2011; Xu et al., 2000; Pfau and Quer, 2010 for an
overview).

The present study examined the processing of word order vari-
ations in Austrian Sign Language (ÖGS) by Deaf signers.1 The inves-
tigation of the processing of word order variations is of particular
interest because research on different spoken languages has identi-
fied a ‘‘subject preference” processing strategy, i.e. the processing
system’s tendency to interpret sentence-initial ambiguous argument
NPs preferentially as the ‘‘subject‘‘ of a clause (see below for a more
detailed description). The use of Austrian Sign Language is also espe-
cially telling because it, like spoken German, is verb-final and while
fundamentally an SOV language, it allows variable constituent
orders (e.g. SOV, OSV). This enables the construction of stimuli that
parallel those used for spoken German, but with a twist. Whereas
spoken German has an extensive case marking system for nominals,
and thus can only offer locally ambiguous sentence initial nominals
when the case marker is itself ambiguous, ÖGS (and other sign lan-
guages such as American Sign Language ASL; e.g. Sandler and Lillo-
Martin, 2006) to the best of our knowledge has no case marking sys-
tem, thus providing less distance between experimental results and
more common natural online processing, supporting the generality
of the subject processing strategy itself.

For example, German allows multiple orders of core arguments
in transitive or ditransitive clauses. In addition, certain NPs (e.g.
feminine/neuter nouns, proper names, bare plurals) show case syn-
cretism between nominative and accusative (sometimes even
dative). Together, case syncretism and relatively flexibleword order
can result in local ambiguity as to the syntactic function of an argu-
ment NP (i.e. whether subject or object), at least until further infor-
mation permits resolution of the ambiguity (e.g. verb agreement
marking on a finite verb) (e.g. Bornkessel et al., 2004). Thus, the
human language processing system has to deal with such locally
ambiguous word order variations. Studies on spoken language pro-
cessing show that language is processed incrementally (Malaia
et al., 2009). Thus, the language processing system does not wait
until all information is provided, but integrates language input into
previously established context as soon as possible. In cases of
ambiguous input, the system must make very fast decisions for
adopting one of available interpretation possibilities. One exten-
sively investigated phenomenon with respect to this issue is the
so-called ‘‘subject preference”. Results of studies on different spo-
ken languages with SO order, including English, German, Turkish,
and Japanese, all reveal a general strategy for human parsers to
interpret a sentence-initial ambiguous argument as the subject
(e.g. Malaia and Newman, 2015b; Malaia et al., 2012a;
Schlesewsky et al., 2000; Bornkessel et al., 2004; Demiral et al.,
2008;Wang et al., 2009). For example in German, the singular noun
Prinzessin (princess) and the bare noun plural Frösche (frogs) are
case-ambiguous in the embedded clause in sentences (1) and (2).

(1) [SOV order] Ich glaube, dass die Prinzessin Frösche küsst.
1 Per
who de
refers t

2 The accusative vs. ergative alignment describes two different systems of case
marking: In a language with (nominative)-accusative alignment the subject of the
[I believe that the princessNOM/ACC.SG frogsNOM/ACC.PL kissesSG]

I believe that the princess kisses the frogs.
convention Deaf with upper-case D refers to deaf or hard of hearing humans
fine themselves as members of the sign language community. In contrast, deaf
o audiological status.
(2) [OSV order] Ich glaube, dass die Prinzessin Frösche küssen.

[I believe that the princessNOM/ACC.SG frogsNOM/ACC.PL kissPL]

I believe that the frogs kiss the princess.

Thus, their syntactic functions cannot be determined from mor-
phological case information but remain fully ambiguous between
possible SOV or OSV readings until the sentence-final main verb
(küsst vs. küssen) resolves the ambiguity via number congruency
information (Bornkessel et al., 2004). In an OSV sentence with
ambiguous argument NPs (as in 2) the preferred subject-initial
structure (SOV) does not match the actual order (OSV), which leads
to a reanalysis towards a non-preferred object-initial construction
when disambiguating information from the verb becomes avail-
able. This reanalysis results in increased processing costs that are
reflected in longer reading times (Schlesewsky et al., 2000), lower
acceptability ratings and longer reaction times (Bornkessel et al.,
2004; Haupt et al., 2008), more regressions and longer fixations
during reading (Kretzschmar et al., 2012) as well as different ERP
effects for OSV sentences compared to SOV counterparts
(Bornkessel-Schlesewsky and Schlesewsky, 2009 for overview).
Interestingly, the preference towards subject-initial interpretation
is observed not only for languages with accusative alignment but
also with ergative syntactic alignment as in Hindi2, and even lan-
guages which do not show any case marking (e.g. Chinese)
(Bornkessel-Schlesewsky et al., 2008).

Different approaches attempt to explain the underlying source
of the ‘‘subject preference”. Traditionally, it is assumed to stem
from specific structural properties of subjects, such as structural
position (Frazier and Fodor, 1978; Crocker, 1994) or dependencies
(Gibson, 1998), claiming that the language processing system
makes use of these structural properties to reduce working mem-
ory costs (Newman et al., 2013). Although these theories can
account for the subject preference in languages for which ‘‘subject”
and subjecthood have been clearly defined (e.g. German or Eng-
lish), they cannot explain the fact that the subject preference is also
observed in a language in which the status of the category ‘‘sub-
ject” and the applicability of grammatical relations (subject/object
asymmetry) in general are controversial, such as Mandarin, which
has relatively free word order, lacks verb agreement and case
marking, and subject-related properties such as coordination in
conjoined clauses (Li and Thompson, 1976). Thus, position- or
dependency-based accounts of the subject preference seem not
appropriate for Mandarin (Wang et al., 2009). The subject prefer-
ence has also been observed in Turkish, a verb-final language that
allows subject drop (Demiral et al., 2008). That is, in Turkish,
object-initial sentences without a subsequent subject are perfectly
acceptable. Thus, in Turkish an initial ambiguous argument can be
analyzed as either the subject or the object in case of a dropped
subject. Crucially, both orders are basic orders, i.e. associated with
the same base-generated NP-V structure (a structure without filler-
gap dependencies). Therefore, the subject preference observed in
Turkish also cannot be explained by the subject-related accounts
described above (Demiral et al., 2008).

Another approach claims that the ‘‘subject preference” does not
arise from any particular properties related to subjecthood but is
an epiphenomenon of a general least-effort processing strategy.
Within the so-called Extended Argument Dependency Model (eADM)
(Bornkessel and Schlesewsky, 2006), this processing strategy is
sentences bears nominative case and the object bears accusative case (e.g. German).
In a language with ergative(-absolutive) alignment the subject of an intransitive
structure and the object of a transitive structure show the same case marking (often
noted as absolutive), but the subject of a transitive structure is marked by a different
case which is called the ergative (e.g. Hindi) (e.g. Dixon, 1994).



Table 1
Examples of the two experimental conditions. Agreeing verbs were presented in SOV
and OSV orders. Signs are glossed with capital letters; IX = index sign; subscripts
indicate reference points in signing space.

SOV OSV

GIRL IX3a GIRL IX3b 3aHELP3b
The girl (left) helps the girl (right)

GIRL IX3a GIRL IX3b 3bHELP3a
The girl (right) helps the girl (left)
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explained in terms of minimality-based processing principles.
Since the processing system attempts to generate less complex
(minimal) structures, sentence-initial ambiguous arguments are
preferentially interpreted as the single argument of an intransitive
event, i.e. as subject. If an intransitive interpretation cannot be
maintained, i.e. when a second ambiguous argument follows,
extension towards a transitive event is necessary, leading to
increased processing costs. In a transitive construction with a
sentence-initial ambiguous object argument, an SOV reading is ini-
tially preferred and thus must be reinterpreted towards a non-
preferred OSV structure. Since the subject preference only applies
when the first argument is not unambiguously marked,
Bornkessel-Schlesewsky et al. (2008) denoted the phenomenon
as an ‘‘ambiguity resolution processing strategy”. This
minimality-based account makes the cross-linguistic prediction
that the subject preference is a universal processing strategy that
should be observable in all human languages.

Even though the subject preference prediction has been
attested across multiple languages, including Basque (Erdocia
et al., 2009), German (Rösler et al., 1998), Japanese (Ueno and
Kluender, 2003), investigations of less-studied languages indicate
that subject preference is constrained by the basic syntactic
parameters of the language. For example, Yasunaga et al. (2015)
has shown that in a language with free word order, but basic
VOS structure (Kaqchikel, a Mayan language spoken in Guatemala),
sentences in which subject precedes object, though frequent, incur
a higher cognitive load than sentences with object preceding the
subject. Thus, the minimal-effort processing strategy appears to
be constrained by the basic syntactic structure of the language.
However, with this limitation, subject preference is still predicted
for SO languages. Since ÖGS is an SO language, subject preference
prediction still holds.

However, the prediction for subject preference in SO languages
can pertain either to the modality-independent representation of
language in the human brain, or be conditioned by the cognitive
load incurred in connection with sensory processing of the signal
(e.g. phonological loop-based maintenance in spoken language).
Testing of the subject preference prediction in sign language, in
the visual modality, can help dissociate between the contribution
of the two processing components to subject preference.

The present ERP study investigated the processing of word
order variations in ÖGS by Deaf signers, with the goal to dissociate
between modality- vs. language-based effects (such as subject
preference) based on neural data. Although there are many studies
on processing of word order variations for spoken languages, there
are – to the best of our knowledge – no similar investigations
focusing on the online processing of sign languages.

There are a number of descriptive and behavioral studies inves-
tigating word order phenomena in sign languages, including fac-
tors that may influence word order variation (e.g. Fischer, 1975
for ASL; Boyes Braem et al., 1990 for Swiss French Sign Language
SFSL; Coerts, 1994 for Sign Language of the Netherlands NGT;
Milković et al. 2006, for Croatian Sign Language HZJ;
Kimmelman, 2012 for Russian Sign Language), or influence of age
of acquisition on the memory processing of basic word order
(e.g. Newport, 1990; Boudreault and Mayberry, 2006).

In sign languages, argument relations are expressed by other
cues such as word order, animacy and/or verb modification (‘‘verb
agreement”). The term ‘‘verb agreement” and its applicability to
the description of the process of indicating the argument structure
in transitive signed sentences was and still is a point of debate. The
mechanism has been analyzed from very different viewpoints (see
Lillo-Martin and Meier (2011) for an overview). Although there
have been some claims that the agreement process in sign lan-
guages is merely gestural (Liddell, 2003), there is a general agree-
ment in sign language linguistics that the marking of argument
structure in signing space is a linguistic process (Wilbur, 2013).
For expressing verb agreement in sign languages, discourse refer-
ents (physically present and non-present referents) are associated
with different specific locations, so-called R(eference)-loci, in sign-
ing space in front of the signer. These reference points may be
established by (non-)manual cues (by index/pointing sign, eye
gaze, head tilt, body shift towards a target location) (Padden,
1983). After referencing discourse participants, the path move-
ment of an agreeing verb from the location associated with the
subject to the object position indicates agreement. In addition,
many agreeing verbs are signed with the palm and/or fingertips
facing towards the object (‘facing’). Thus, the path movement
and/or facing of the agreeing verb indicates the relationship
between the arguments.

The basic sign order in ÖGS transitive clauses seems to be SOV
(Skant et al., 2002; Wilbur, 2005), but in some environments, such
as sentences with agreeing verbs, (non-topicalized) object-initial
constructions are also possible. Note that in ÖGS, as in many other
sign languages, subject as well as object drop is possible (e.g. Lillo-
Martin, 1986 for ASL; Milković et al., 2006 for Croatian Sign Lan-
guage HZJ). To investigate how different word orders (SOV, OSV)
are processed, our study used material comparable to construc-
tions used for testing subject/object ambiguities in spoken lan-
guages. Independent of word order, the first argument was
always referenced at the signer’s left side in the stimuli. After both
arguments were referenced in space by an index sign, the disam-
biguating agreeing verb either moves from the argument estab-
lished first (from left to right in SOV) or from the argument
referenced second (from right to left in OSV) (Table 1; Fig. 1).

Given that there are no studies on word order processing in ÖGS,
hypotheses regarding the possible outcomes could only be made
tentatively. However, ERP studies on (other) sign languages so far
revealed similar ERP patterns as for spoken languages. For example,
for spoken language it has been shown that semantic processing
evokes N400 effects (effects with a negative polarity observable
after around 400 ms after the onset of the critical stimulus which
is topologically distributed in the centro-parietal area) as opposed
to syntactic processingwhich elicited focal LAN effects (left anterior
negativities appearing about 400 ms after presentation of the stim-
ulus onset) and P600 effects (centro-parietal distributed positivities
which reveal a maximum at approximately 600 ms after the pre-
sentation of the critical stimulus) (Bornkessel-Schlesewsky and
Schlesewsky, 2009 for overview). Note however, that this descrip-
tion of ERP components displays the classical interpretation of the
language-related ERPs but in certain circumstances particular ERP
components may also occur in other contexts with which they
are not associated in the ‘‘classical” functional interpretation. Thus,
there is no one-to-onemapping of ERP components to specific func-
tional interpretations. For example, the P600 may also occur in par-
ticular semantic violations (e.g. Kolk et al., 2003; Van Herten et al.,
2005, 2006) and the N400 is also observed for grammatical reanal-
ysis processes (e.g. Bornkessel et al., 2004; Haupt et al., 2008;
Roehm et al., 2007; for an overview see Bornkessel-Schlesewsky
and Schlesewsky, 2009).

N400 and P600 effects have been first formulated on the spoken
language materials; however, similar effects have been elicited in
some sign language research (Kutas et al., 1987 [American Sign



Table 2
Mean ratings and mean reaction times for the two experimental conditions. Standard
deviation (sd) is presented in parentheses.

Condition Mean acceptability rating (sd) Mean reaction time in ms (sd)

SOV 6.10 (0.90) 880.06 (459.81)
OSV 5.89 (1.07) 886.40 (442.82)

Fig. 1. Illustration of the two experimental conditions: In both constructions (SOV & OSV) the argument NPs (in this case GIRL) were signed in the same order and were
referenced at the same points in space; i.e. the first argument was always referenced at the left side of the signer. The path movement of the sentence-final critical sign
(agreeing verb HELP) unambiguously marks the argument structure.
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Language, ASL; static image stimuli]; Neville et al., 1997 [ASL; sta-
tic image stimuli], Capek et al., 2009 [ASL], Hosemann et al., 2013
[German Sign Language, DGS], Hosemann, 2015 [DGS], Hänel-
Faulhaber et al., 2014 [DGS]). For instance, Capek et al. (2009)
investigated the processing of semantic anomalies as well as verb
agreement violations by Deaf signers in ASL. As has been revealed
for spoken/written languages these two types of violations
(semantic vs. (morpho-)syntactic) lead to different ERP patterns
suggesting that different processing mechanisms are involved in
the processing of semantic compared to (morpho-)syntactic pro-
cessing. In particular, whereas the semantic violation evoked an
N400 effect, the verb agreement violation led to a biphasic ERP pat-
tern consisting of a left anterior negativity (LAN) followed by a
P600 effect. Similar to Capek et al. (2009), Hänel-Faulhaber et al.
(2014) investigated the processing of semantic and morpho-
syntactic violations in DGS. Thereby, Hänel-Faulhaber et al.
(2014) presented semantic as well as morpho-syntactic (verb
agreement violations) to Deaf signers and observed a similar pat-
tern as observed by Capek et al. (2009), namely an N400 effect
for the semantic violation and a biphasic LAN-followed by a P600
effect for the verb agreement violation (but see also Hosemann
(2015) for an ERP study investigating verb agreement violations
in DGS revealing different results). These findings suggest that
there are similar processing correlates in signed and spoken lan-
guages. Thus we hypothesized that ÖGS should also show a subject
preference to support the claim that subject preference represents
a modality-independent ambiguity resolution processing strategy.
Under the assumption that sign languages (and therefore also ÖGS)
do not have any form of case marking on the arguments indicating
their syntactic function, we hypothesized an effect for OSV com-
pared to SOV sentences in the disambiguating area, i.e. at the time
point when the agreement information is provided by the disam-
biguating verb by path movement and/or facing.

2. Results

Of 25 tested participants, 20 were included in the final analysis.
Four were excluded due to artifacts (<60% of critical trials remain-
ing after artifact correction). One participant was excluded due to
behavioral noncompliance. Only significant effects (p � 0.05) are
reported.

2.1. Behavioral data

The behavioral data revealed that all conditions were rated as
linguistically acceptable (mean ratings for both conditions at least
5.89 on a scale from 1 to 7). Table 2 provides an overview of the
behavioral results of the acceptability ratings and reaction times
(in ms).

The ANOVA for acceptability ratings revealed a significant main
effect of ORDER for the by-item analysis [FItem (1, 39) = 8.99;
p < 0.01], but not for by-subject analysis [Fsubj (1, 19) = 1.17;
p = 0.29]. Analysis of reaction time data did not show any
significant effects.

With respect to the filler material, all of the ÖGS structures were
rated as relatively good (all conditions ranging between a mean
acceptability rating of 5.67–6.16 on a scale from 1 to 7). The videos
presented in time-reversed manner were rated as bad (mean
acceptability rating: mean = 1.70; sd = 0.83).

2.2. ERP data

2.2.1. Trigger: Handshape
With respect to Trigger ‘‘Handshape”, visual inspection did not

reveal any significant effects. This was confirmed by a statistical
analysis of consecutive 50 ms time windows.

2.2.2. Trigger: Transition
With respect to Trigger ‘‘Transition”, visual inspection revealed

a more pronounced negativity for OSV compared to SOV sentences
in the 200–400 ms time window (Mean amplitude values in mV and
standard deviations per condition: SOV: M = 1.34; sd = 1.99; OSV:
M = 0.28; sd = 1.71 (Fig. 2). Within the 200 to 400 ms time window,
statistical analysis revealed a significant main effect of ORDER
(more negative for OSV compared to SOV) [F(1, 19) = 8.29,
p < 0.01, gp2 = 0.30].

2.2.3. Analysis without late learners
2.2.3.1. Trigger: Transition. With respect to Trigger ‘‘Transition”,
visual inspection revealed a more pronounced negativity for OSV
compared to SOV sentences in the 200 to 400 ms time window
(Mean amplitude values in mV and standard deviations per condi-
tion: SOV: M = 1.23; sd = 1.94; OSV: M = 0.04; sd = 1.75). Within
the 200 to 400 ms time window, statistical analysis revealed a sig-
nificant main effect of ORDER (more negative for OSV compared to
SOV) [F(1, 14) = 9.34, p < 0.01, gp2 = 0.40].



Fig. 2. Comparison of conditions SOV vs. OSV for Trigger ‘‘Transition”. The vertical line represents the time point when the transitional movement towards the
disambiguating verb was visible. Negativity is plotted upwards. The red square marks the time window in which the effect of ORDER became significant (200–400 ms time
window).
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3. Discussion

The present study aimed to investigate how word order varia-
tions in ÖGS are processed by Deaf signers. Data analysis revealed
a widely distributed negativity for OSV compared to SOV struc-
tures which we interpret as indicating the subject preference. In
line with Haupt et al. (2008) we interpret this effect as a
reanalysis-related effect in the N400 family, reflecting the cost of
syntactic reanalysis in OSV word order condition (i.e. subject
preference). The observed negativity shows a similar broad scalp
distribution as observed by Haupt et al. (2008; Experiment 2 in
which subject/object ambiguities were tested with respect to iso-
lated German sentences). Note that part of the effect (within the
300–400 ms time window at Trigger ‘‘Transition”) overlaps with
a period of time in the stimulus material for which a significant
ORDER effect was revealed. The duration from the time point at
which the verb handshape was established to the time point the
verb movement starts was significantly shorter in OSV compared
to SOV orders (average 30 ms shorter in OSV). However, since this
duration difference is relatively small, it is unlikely that the
observed effect is solely the product of a latency shift (see the
methods section for an explanation of this difference in timing
between conditions).

Interestingly, the ERP effect occurred earlier than expected,
given traditional descriptions of sign onset as the beginning of path
movement of the disambiguating sign (cf. Friedman, 1976). The
reanalysis effect was observed for OSV in contrast to SOV orders
with respect to the time point when the transitional movement
towards the disambiguating verb of the index referencing the
second argument was visible (i.e. preceding the production of the
disambiguating path movement).

This transitional movement is a plausible cue for argument
structure because it could indicate the direction of the subsequent
path movement and thus serve as an earlier cue as to which argu-
ment is the subject. In fact, this transitional movement shows
whether the index referencing the second argument moves back
towards the position of the first-referenced argument (in SOV),
or towards the handshape of the disambiguating sign (in OSV)
(Fig. 3 in Methods).

However, additional non-manual cues preceding (i.e. during the
referencing of the second argument) and/or accompanying the
start of the transitional movement towards the disambiguating
sign were observed in the stimuli and could also have resolved
the ambiguity (possibly in addition to the transitional movement).
In many OSV order stimuli the signer directed her body to the sub-
ject position (to the right) while referencing the second argument,
which may have indicated the argument structure, i.e. where the
movement of the verb sign would start. Also, the signer’s face/chin
was often directed towards the object position (to the left), i.e. the
direction the disambiguating verb would move towards; the same
direction to which the signer directs her eye gaze during the pro-
duction of the target verb. In contrast, in SOV orders, a slight shoul-
der shift to the argument referenced second (the object), rather
than a body shift, was often observed during referencing the sec-
ond argument. Thereby, the body was positioned straighter
(toward the camera) and the face/chin was often directed towards
the object position (to the right in SOV). In some SOV orders, how-
ever, the body shift towards the subject position (to the left in SOV;
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observable in the majority of the sentences during verb production
as described in Section 4.2.) was sometimes already visible during
referencing of the second argument (i.e. whereby the body was
moving from a slightly right/central towards central/left position).
A post hoc video analysis revealed that at least one of the described
non-manual markings was present in all of the videos preceding
and/or accompanying the start of the transitional movement, in
the stimuli with both SOV and OSV orders.

The assumption that non-manuals may indicate grammatical
functions is not new. For example, grammatical functions of body
leans/body shifts have been reported for ASL and NGT (Sign Lan-
guage of the Netherlands). Body leans can indicate contrastive
meaning at the lexical, semantic, and pragmatic levels (Wilbur
and Patschke, 1998 for ASL; Van der Kooij et al., 2006 for NGT).
In addition, forward leans are used prosodically for marking infor-
mation focus. While ASL makes use of backward/forward body
leans as well as left/right body shifts, in NGT only left/right body
shifts are used for contrastive focus marking (Van der Kooij et al.,
2006). Body shifts may be used to reference discourse referents
in signing space and for role-shift constructions (Lillo-Martin,
1995). Non-manuals as syntactic agreement markers have been
described for ASL (Bahan, 1996; Neidle et al., 2000). According to
Bahan (1996), in ASL transitive clauses, head tilt and sometimes
body shift toward the subject can mark subject agreement and
eye gaze marks object agreement independent of verb type. Fur-
ther, body lean forward towards the object position can be another
object agreement marker co-occurring with eye gaze towards the
object, but can also mark object agreement on its own (Bahan,
1996). Crucially, it has been proposed that both head tilt towards
the subject position and eye gaze towards the object position reach
their target position before the onset of the verb sign movement
and accompany the articulation of the verb movement and the
direct object. One aspect of this proposed non-manual agreement
marking – eye gaze – was tested empirically in an eye tracking
study. Thompson et al. (2006) investigated whether eye gaze
marks object agreement in ASL, showing that Neidle et al.’s obser-
vation holds only for agreeing verbs: with agreeing verbs, eye gaze
always marks the lowest ranking argument (direct object in transi-
tives and indirect object in ditransitives), but not in structures with
plain verbs. In particular, for agreeing verbs object marking by eye
gaze was observed to a very high degree (with regular agreeing
verbs 98.4%). They further confirmed that eye gaze towards the
object starts about 160 ms before the onset of the verb sign and
may accompany objects which appear before or after the verb. In
line with Neidle et al., Thompson et al. interpreted eye gaze as a
marker for syntactic agreement. However, they analyzed the man-
ual (movement/facing) and non-manual (eye gaze) components as
two parts of one agreement morpheme. In contrast, Neidle et al.
had proposed that eye gaze was an independent marker that
should show up with plain verbs (those lacking manual agree-
ment). It is plausible to assume that ÖGS might also have a form
of non-manual agreement marking like ASL, which might indicate
the argument structure before the disambiguating verb sign is
established and possibly even before the manual transitional
movement towards that verb sign starts.3
3 The pointing direction of the index referencing the second argument may provide
an additional hint to the argument structure: In OSV the index referencing the second
argument was often directed inwards, whereas in SOV it often pointed outwards.
Thus, index direction may indicate whether the hand will move back to the subject
position (pointing outwards in SOV) or will start its transitional movement towards
the verb right from the final position of the index referencing the second argument
(pointing inwards in OSV). A post hoc video analysis revealed that during the
referencing of the second argument and/or when the index referencing the second
argument has reached its final position in 77,5% of the SOV and 65% of the OSV orders
the described pointing direction was present.
Because in sign languages many pieces of (manual and non-
manual) information are presented in parallel, it cannot be deter-
mined exactly which visual cue(s) led to disambiguation (manual
transitional movement or non-manual markings preceding/accom-
panying transitional movement). Thus, there is possibly not ONE
visual cue which may lead to disambiguation in ÖGS, and that this
may vary from sentence to sentence. It is highly plausible that
combinations of (non-)manual markings may represent salient
cues for disambiguation and in fact many of the articulators used
for sign language production are not independent of each other
anyway. Therefore, it is difficult to disentangle THE cue leading
to disambiguation. This ‘‘trigger/effect assignment problem” is fur-
ther complicated by the fact that it is not clear when a sign in a
sentence (and even in isolation) starts, given that every movement
is visible and it is not known at every given point in time whether a
movement is (potentially) linguistically meaningful. Therefore,
additional studies on the processing of sign languages are needed
to get a clearer picture about the time course of sign language pro-
cessing. In any case, the theoretical question of what constitutes
the sign onset in a signed sentence and the presence of simultane-
ity of (non-)manual information in sign languages will always
complicate the exact determination of cues with respect to certain
ERP effects.

The observed relatively early time point of disambiguation in
the ERP data is in line with the behavioral data (Krebs et al.,
submitted). A behavioral gating study showed that the signers
are able to disambiguate syntactic structures before the path
movement of the disambiguating element is visible, possibly based
on inferences about the transitional movement to the point of
articulation and handshape of it.

In spoken language, predictive processing has been attested for
both auditory and visual input (i.e. reading), although ERPs that are
observed in response to predictive processing depend on the level
of linguistic information that is being predicted. For example, N400
has been observed as a result of prediction violations at the lexical
level (Boudewyn et al., 2015); mismatch negativity (MMN) was
reported as a result of violation of phonological predictions
(Ylinen et al., 2016), and N1-P2 biphasic component has been
observed as a result of violated expectations at the semantics-
syntax interface (Malaia and Newman, 2015a). In sign language
research, transitional movements have been clearly shown to con-
tribute early cues for predictive processing (Hosemann et al., 2013;
Hosemann, 2015), both at the lexical and syntactic levels (Ten Holt
et al., 2009; Jantunen, 2010).

Furthermore, this study emphasizes that presentation of natural
signing videos, despite some stimuli messiness, is preferable to
artificially manipulated videos or sequences of still images for fully
understanding online sign language processing. From the stand-
point of information theory, the sign language signal provides con-
tinuous input for predictive processing (Malaia et al., 2016). During
online sign language processing, transitional movements provide
continuous input for the predictive processing systems at multiple
levels (phonological, lexical, and syntactic), which restricts the
number of possible points of articulation, handshapes, and trajec-
tories that are compatible with prior signs and syntactic structures.
It is important to include transitional movement windows in ERP
analysis (see also Hosemann et al., 2013; Hosemann, 2015),
because otherwise, early predictive processing effects might be
included in the baseline interval. As a result, baseline correction
could create artifacts within the post-stimulus interval.

One of the limitations of the present study is the fact that the
participant group was heterogeneous with respect to age of sign
language acquisition and handedness. While age of acquisition is
an important factor that can influence sign language processing
(e.g. Mayberry et al., 2002, 2011; Boudreault and Mayberry,
2006; Pénicaud et al., 2013; Malaia and Wilbur, 2010a,b), the



Table 3
Summary of filler items included in the study.

Type of filler item Number of items

Classifier constructions in ÖGS 80
Time-reversed videos (synthetically modified signing) 40
ÖGS sentences with non-manual topic markings 80
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ERP effect observed in the present study was not driven by the
inclusion of the five late learners. A post hoc analysis of the behav-
ioral and ERP data excluding the five late learners did not reveal
any different results in comparison to the analysis including the
late learners.

In spoken language research, handedness has been shown to
interact with language processing strategies, specifically with the
utilization of episodic memory for syntactic reanalysis (Newman
et al., 2014). For sign language, no comparable studies exist; how-
ever, functional connectivity analyses of signers and non-signers
resting-state connectivity (Malaia et al., 2014) have shown that
signers recruit right hemisphere significantly more than non-
signers even in resting state, possibly due the lifelong environmen-
tal influence of the visuospatial nature of sign language. An ancil-
lary post hoc analysis only with the 4 left-handed participants
did not reveal any differences between the total participant pool
and the left-handed subgroup.

The observation of a reanalysis effect for OSV in contrast to SOV
orders in ÖGS supports the assumption that the subject preference
reflects a modality-independent processing strategy for languages
with SO word order. The effect of visual modality on reanalysis due
to subject preference was observed early (prior to onset of path
movement in the disambiguating sign), and was marked by the
widely distributed negativity. We propose that in the visual modal-
ity, syntactic reanalysis is triggered by early visual cues, such as the
transitional movement of the hand towards the verb onset posi-
tion, and/or specific non-manual cues preceding/accompanying
the transitional movement towards the verb onset position. The
status of these cues needs to be carefully considered in investigat-
ing the processing of natural sign language.
4. Materials and methods

4.1. Participants

20 participants (9 females) were included in the final analysis,
with a mean age of 39.37 years (sd = 10.19; range = 28 to 58 years).
All participants were born Deaf or lost their hearing early in life.
Three have Deaf parents, the others hearing parents. Half acquired
sign language starting between 4 and 7 years, five participants
between 0 and 3 years, and five subjects at a later age: one signer
between 13 and 17 years, another between 18 and 22 years and
three after the age of 22. Fifteen participants are deaf from birth,
three of them lost their hearing between 0 and 3 years, one
between 3 and 4 and one between 4 and 7 years. The two partici-
pants who lost their hearing between 3 and 4 and 4–7 years
respectively belong to the group of late ÖGS learners. All of the par-
ticipants who took part in the study use ÖGS as their first language
in daily life, and are members of the Deaf community. Language
proficiency of all participants was confirmed by a professional
ÖGS interpreter during the informed consent procedure. Partici-
pants came from different areas of Austria (Salzburg, Vienna,
Upper Austria, Lower Austria, Styria). Fifteen were right-handed,
four left-handed and one did not have a dominant hand preference
(tested by an adapted German version of the Edinburgh Handed-
ness Inventory; Oldfield, 1971). At the time of the study none
showed any neurological or psychological disorders. All had nor-
mal or corrected vision and were not influenced by medication
or other substances whichmay impact cognitive ability. The partic-
ipants received 30€ per session.
4.2. Materials and design

A 1 � 2 design with two-level factor ORDER involving SOV and
OSV orders was used. 40 agreeing verbs were presented in each
condition (80 critical sentences), with 200 fillers to distract from
strategic processing (total 280 sentences). Filler sentences included
different sentence structures: a) classifier constructions expressing
spatial relations between arguments varying in word order
(n = 80); b) ÖGS videos presented in time-reversed manner
(n = 40) created from one of the critical conditions (OSV) to ensure
reliability of participant ratings (to be sure that the participants
understood the task); and c) a set comparable to the critical sen-
tences (same SOV and OSV items) presented with non-manual
topic marking on the sentence-initial argument (n = 80); this topic
construction functioned as fillers for the experiment reported in
this paper, but were included because the current critical
sentences were also part of a larger experiment (Table 3).

In the vast majority of stimuli, similar non-manual markings
during production of the verb sign were observed. The signer’s
body was shifted towards the subject position and her chest, face
and eye gaze were directed towards the object position. Almost
half of the verbs were one-handed, the other two-handed (19
two-handed verbs; 21 one-handed verbs).

The sentence contexts used involved non-compound, relatively
frequent signs (the arguments were MAN, WOMAN, GIRL and
BOY). To avoid any semantic biases, we used the same arguments
within one sentence (e.g. The man asks the man). The argument
referencing in the sentences was kept constant within conditions
in that sentence-initial arguments were always referenced at the
signer’s left side (see the Appendix for a list of the critical stimulus
material). All material was signed by a right-handed Deaf woman
who acquired ÖGS early in life, teaches ÖGS, uses ÖGS in her daily
life and is a member of the Deaf community.
4.3. Technical issues for studies using natural signing in video format

Unlike print stimuli, where no stimulus movement is involved,
or acoustic stimuli, where synthetic speech can be used to control
details that are otherwise less controlled in natural speech, signed
stimuli involves movement in the stimulus itself. In most prior
studies, attempts to control for this used sequences of still frame
images taken from videos (e.g. Kutas et al., 1987; Neville et al.,
1997), and only recently has actual video of natural signing been
used as stimuli (e.g. Capek et al., 2009; Hosemann et al., 2013;
Hosemann, 2015; Hänel-Faulhaber et al., 2014). To understand
how this affects the data analysis, we need to reviewmeasures that
are taken to provide confidence in the final results. Here we pro-
vide an overview of how the stimuli are checked for dynamic
effects, such as durations and timing of onsets.
4.3.1. Checking the stimuli for dynamic effects
To check whether there were any systematic differences in tim-

ing in the stimuli, analyses of variance comparing specific time
points within the structures and the durations between those time
points were calculated (Table 4). ANOVAs involved the factor
ORDER (levels SOV and OSV). In the following only significant
effects (p � 0.05) are reported.

Comparison of time points did not reveal any significant differ-
ences. Comparison of durations between time points revealed sig-
nificant differences for INT 8 (handshape to verb movement starts)



Table 4
Time points and intervals compared. TP = time point; INT = interval; IX = index; NP = noun phrase.

Fig. 3. Schematic of extra movement required in SOV (right picture, dotted line)
compared to OSV (left picture). In both, the first argument is referenced on signer’s
left, second on her right (numbers). In both, argument structure shown by the
disambiguating sign is expressed by path movement from subject (S) to object (O)
(continuous arrows). In OSV (left) this is produced from argument referenced
second (S) to argument referenced first (O). In SOV (right), prior to producing
movement from S to O, the signer first must move from end position of reference to
second argument (O) back to first argument (S) (dotted arrow).
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and INT 9 (verb movement starts to verb offset). For INT 8 a signif-
icant main effect of ORDER [F(1, 39) = 2.06; p < 0.05] was observed
[mean duration: SOV: 0.22 (0.10), OSV: 0.19 (0.09)].4 Thus, the
duration from the time point the verb handshape was established
to the time point the verb movement starts was significantly shorter
in OSV compared to SOV orders (on average 30 ms shorter in OSV).
This shorter INT 8 in OSV can be explained by the fact that in OSV
the dominant hand articulating the disambiguating verb immedi-
ately starts producing the verb movement from the reference locus
associated with the second argument as soon as the target hand-
shape has been established (it does not have to move back to where
the first argument was located). In SOV, however, the dominant hand
referencing the second argument has to move back to the subject
position before the verb movement from subject to object position
can start (Fig. 3). This additional trajectory movement back to the
position associated with the first argument may have led to longer
transitional movement in SOV.

For INT 9 a significant main effect of ORDER [F(1, 39) = �2.20; p
< 0.05] was revealed [mean duration: SOV: 0.83 (0.18), OSV: 0.87
(0.19)]. Thus, duration from the time point the verb movement
starts to the offset of the verb was significantly shorter in SOV
compared to OSV (on average 40 ms shorter in SOV). Possibly this
effect reflects some kind of compensation; given that the transition
from the time point the verb handshape was established to the
time point the verb movement starts is longer in SOV [INT8], the
4 Mean durations are given in seconds; standard deviations are presented in
parentheses.
following duration from onset of the verb movement to the offset
of the verb may have been shortened in SOV as a prosodic
adjustment.

Thus, word order caused a slight latency shift between condi-
tions: transition from the time point the verb handshape was
established to the onset of verb movement lasted longer in SOV,
but this difference was then compensated by shortening the
duration from the verb movement onset to the offset of the verb
in SOV. These differences in timing must be taken into account
when interpreting ERP effects.

4.4. Procedure

Material was presented in 14 blocks, each with 20 sentences.
Every trial started with presentation of a fixation cross to get the
attention of the participants. The fixation cross, on the screen for
2000 ms, was followed by an empty black screen for 200 ms. Then
a stimulus sentence (one video) was presented in the middle of the
screen. Each trial ended with a rating task, indicated by a green
question mark for 3000 ms after each stimulus. Participants had
to rate the videos on a scale from one to seven as to whether the
stimulus was good ÖGS or not (1 stood for ‘that is not ÖGS’; 7 stood
for ‘that is good ÖGS’). Ratings were given by button press on a
keyboard. Instructions were given by an ÖGS video signed by one
of the authors. Prior to the actual experiment, a training block
was presented to familiarize subjects with task requirements and
permit them to ask questions in case anything was unclear. The
duration of breaks after each block was determined by the subjects
themselves. Subjects were instructed to avoid eye movements and
other motions during the presentation of the video material and to
view the sentences with attention.

4.5. EEG recording

The EEG was recorded from twenty-six electrodes (Fz, Cz, Pz,
Oz, F3/4, F7/8, FC1/2, FC5/6, T7/8, C3/4, CP1/2, CP5/6, P3/7, P4/8,
O1/2) fixed on the participant’s scalp by means of an elastic cap
(Easy Cap, Herrsching-Breitbrunn, Germany). Horizontal eye
movements (HEOG) were registered by electrodes at the lateral
ocular muscles and vertical eye movements (VEOG) were recorded
by electrodes fixed above and below the left eye. All electrodes
were referenced against the electrode on the left mastoid bone
and offline re-referenced against the averaged electrodes at the left
and right mastoid. The AFz electrode functioned as the ground
electrode. The EEG signal was recorded with a sampling rate of



Fig. 4. Illustration of the scalp distribution of electrodes including marked ROIs. The
factor ROI involved the levels anterior left = F7, F3, FC5 (blue); anterior right = F8,
F4, FC6 (magenta); central left = FC1, CP5, CP1 (green); central right = FC2, CP6, CP2
(orange); posterior left = P7, P3, O1 (red); posterior right = P8, P4, O2 (violet); and
midline = Fz, Cz and Pz (turquoise).

Table 5
Remaining trials after artifact correction/rejection per condition and per trigger
marker.

SOV OSV

Trigger: transition 88% 82.5%
Trigger: handshape 85.5% 79%

Fig. 5. Illustration of the two trigger markers, i.e. the time points at which ERPs
were measured. On the left side the trigger ‘‘Transition‘‘ and on the right side the
trigger ‘‘Handshape‘‘ are displayed; shown for the two-handed verb sign
ÜBERFALLEN ‘‘to attack someone‘‘ which has an internal movement. Thus, Trigger
‘‘Handshape‘‘ was determined when both hands showed the initial handshape.
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500 Hz. For amplifying the EEG signal we used a Brain Products
amplifier (high pass: 0.01 Hz). In addition, a notch filter of 50 Hz
was used. The electrode impedances were kept below 5 kX. Offline,
the signal was filtered with a bandpass filter (Butterworth Zero
Phase Filters; high pass: 0.1 Hz, 48 dB/Oct; low pass: 20 Hz, 48
dB/Oct).

4.6. Data analysis

4.6.1. Behavioral data
An analysis of variance was calculated for mean acceptability

ratings and mean reaction times per subject and per item. Absent
or late responses were not considered. The statistical analysis
was carried out hierarchically, that is, only significant interactions
(p � 0.05) were resolved.

4.6.2. ERP data
Statistical evaluation of the ERP data was carried out by com-

parison of the mean amplitude of the ERPs within the time window
(time windows were determined by descriptive analysis), per con-
dition and per subject in seven regions of interest (ROIs). The factor
ROI involved the levels anterior left = F7, F3, FC5; anterior right =
F8, F4, FC6; central left = FC1, CP5, CP1; central right = FC2, CP6,
CP2; posterior left = P7, P3, O1; posterior right = P8, P4, O2; and
midline = Fz, Cz and Pz (Fig. 4). The signal was corrected for ocular
artifacts by the Gratton and Coles method (a method for off-line
removal of ocular artifacts; Gratton et al., 1983) and screened for
artifacts (minimal/maximal amplitude at �75/+75 mV). Data was
baseline-corrected to �300 to 0. For each condition not more than
21% of the trials were excluded. The percentage of trials remaining
after artifact rejection/correction per condition and per Trigger are
presented in Table 5. Participants were excluded from analysis if
<60% of the critical trials were left after artifact correction. All
items were considered for ERP analysis. Statistical analysis was
carried out in a hierarchical manner, i.e. only significant interac-
tions (p � 0.05) were included in step-down analysis. For statistical
analysis of the ERP data an analysis of variance (ANOVA) was com-
puted including the factor of condition ORDER (SOV vs. OSV) and
ROI. To correct for violations of sphericity, the Greenhouse-
Geisser (1959) correction was applied to repeated measures with
greater than one degree of freedom. Only significant ERP effects
(p � 0.05) will be reported. Time windows were determined by
visual inspection.

4.6.2.1. Trigger marking. In line with previous ERP studies (Capek
et al., 2009) we defined stimulus onset and thus measured ERPs
with respect to the time point when the verb handshape was
established (Trigger ‘‘Handshape”). For signs with internal move-
ment (i.e. handshape change), Trigger ‘‘Handshape” constituted
the time point when the initial handshape was visible. For
example, for the sign ÜBERFALLEN (‘‘to attack someone”) which
starts with SCH-handshape and ends with S-handshape, Trigger
‘‘Handshape” was defined when the initial SCH-handshape was
established (see Fig. 5). Additionally, in sentences with two-
handed verb signs, Trigger ‘‘Handshape” was determined when
both hands showed the target handshape. In addition, it has been
shown that transitional movement trajectories between signs
within a signed sentence, which are always visible during sign lan-
guage comprehension, are relevant to sign language processing
(Wilbur, 1990; Ten Holt et al., 2009; Jantunen, 2010; Hosemann
et al., 2013; Hosemann, 2015; Wilbur and Malaia, 2008; Malaia
et al., 2008, 2012b; McDonald et al., 2016; Malaia, 2014; for discus-
sion see Krebs et al., submitted). For instance, it has been shown
that transitional movement trajectories can take over properties
typical for lexical movements to indicate stress marking in ASL
(e.g. Wilbur, 1990), transitions provide a considerable amount of
information with regard to sign recognition at both the sign and
sentence-level (Ten Holt et al., 2009; Jantunen, 2010) and transi-
tions have been claimed to present important information during
predictive processing (Hosemann et al., 2013; Hosemann, 2015).
Therefore, we also measured ERPs with respect to the time point
when the transitional trajectory towards the disambiguating verb
was visible (Trigger ‘‘Transition”).
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Appendix 1

List of stimulus material

Notation conventions: Signs are glossed with capital letters; IX
= manual index sign; Subscripts indicate reference points within
signing space
1.

A)
 MAN IX3a MAN IX3b 3aHIT3b
 (SOV)
The man (left) hits the other man (right)

B)
 MAN IX3a MAN IX3b 3bHIT3a
 (OSV)
The man (right) hits the other man (left)

2.

A)
 MAN IX3a MAN IX3b 3aCONTROL3b
 (SOV)
The man (left) controls the other man (right)

B)
 MAN IX3a MAN IX3b 3bCONTROL3a
 (OSV)
The man (right) controls the other man (left)

3.

A)
 MAN IX3a MAN IX3b 3aLOOK-FOR3b
 (SOV)
The man (left) looks for the other man (right)

B)
 MAN IX3a MAN IX3b 3bLOOK-FOR3a
 (OSV)
The man (right) looks for the other man (left)

4.

A)
 MAN IX3a MAN IX3b 3aDOMINEER-OVER3b
 (SOV)
The man (left) domineers over the other man (right)

B)
 MAN IX3a MAN IX3b 3bDOMINEER-OVER3a
 (OSV)
The man (right) domineers over the other man (left)

5.

A)
 MAN IX3a MAN IX3b 3aSUPPORT3b
 (SOV)
The man (left) supports the other man (right)

B)
 MAN IX3a MAN IX3b 3bSUPPORT3a
 (OSV)
The man (right) supports the other man (left)

6.

A)
 MAN IX3a MAN IX3b 3aTHREAT3b
 (SOV)
The man (left) threats the other man (right)

B)
 MAN IX3a MAN IX3b 3bTHREAT3a
 (OSV)
The man (right) threats the other man (left)

7.

A)
 MAN IX3a MAN IX3b 3aKILL3b
 (SOV)
The man (left) kills the other man (right)

B)
 MAN IX3a MAN IX3b 3bKILL3a
 (OSV)
The man (right) kills the other man (left)

8.

A)
 MAN IX3a MAN IX3b 3aATTACK3b
 (SOV)
The man (left) attacks the other man (right)

B)
 MAN IX3a MAN IX3b 3bATTACK3a
 (OSV)
The man (right) attacks the other man (left)

9.

A)
 MAN IX3a MAN IX3b 3aCOMPLIMENT3b
 (SOV)
The man (left) compliments the other man (right)
B)
 MAN IX3a MAN IX3b 3bCOMPLIMENT3a
 (OSV)

The man (right) compliments the other man (left)
10.

A)
 MAN IX3a MAN IX3b 3aCRITICIZE3b
 (SOV)
The man (left) criticizes the other man (right)

B)
 MAN IX3a MAN IX3b 3bCRITICIZE3a
 (OSV)
The man (right) criticizes the other man (left)

11.

A)
 WOMAN IX3a WOMAN IX3b 3aEXAMINE3b
 (SOV)
The woman (left) examines the other woman (right)

B)
 WOMAN IX3a WOMAN IX3b 3bEXAMINE3a
 (OSV)
The woman (right) examines the other woman (left)

12.

A)
 WOMAN IX3a WOMAN IX3b 3aCONGRATULATE3b
 (SOV)
The woman (left) congratulates the other woman
(right)
B)
 WOMAN IX3a WOMAN IX3b 3bCONGRATULATE3a
 (OSV)

The woman (right) congratulates the other woman
(left)
13.

A)
 WOMAN IX3a WOMAN IX3b 3aTEACH3b
 (SOV)
The woman (left) teaches the other woman (right)

B)
 WOMAN IX3a WOMAN IX3b 3bTEACH3a
 (OSV)
The woman (right) teaches the other woman (left)

14.

A)
 WOMAN IX3a WOMAN IX3b 3aCARE-FOR3b
 (SOV)
The woman (left) cares for the other WOMAN (right)

B)
 WOMAN IX3a WOMAN IX3b 3bCARE-FOR3a
 (OSV)
The woman (right) cares for the other woman (left)

15.

A)
 WOMAN IX3a WOMAN IX3b 3aINFORM3b
 (SOV)
The woman (left) informs the other woman (right)

B)
 WOMAN IX3a WOMAN IX3b 3bINFORM3a
 (OSV)
The WOMAN (right) informs the other woman (left)

16.

A)
 WOMAN IX3a WOMAN IX3b 3aRESPECT3b
 (SOV)
The woman (left) respects the other woman(right)

B)
 WOMAN IX3a WOMAN IX3b 3bRESPECT3a
 (OSV)
The woman (right) respects the other woman (left)

17.

A)
 WOMAN IX3a WOMAN IX3b 3aTRUST3b
 (SOV)
The woman (left) trusts the other woman (right)

B)
 WOMAN IX3a WOMAN IX3b 3bTRUST3a
 (OSV)
The woman (right) trusts the other woman (left)

18.

A)
 WOMAN IX3a WOMAN IX3b 3aGREET3b
 (SOV)
The woman (left) greets the other woman (right)

B)
 WOMAN IX3a WOMAN IX3b 3bGREET3a
 (OSV)
The woman (right) greets the other woman (left)

19.

A)
 WOMAN IX3a WOMAN IX3b 3aEYEBALL3b
 (SOV)
The woman (left) eyeballs the other woman (right)

B)
 WOMAN IX3a WOMAN IX3b 3bEYEBALL3a
 (OSV)
The woman (right) eyeballs the other woman (left)

20.

A)
 WOMAN IX3a WOMAN IX3b 3aADORE3b
 (SOV)
The woman (left) adores the other woman (right)

B)
 WOMAN IX3a WOMAN IX3b 3bADORE3a
 (OSV)
The woman (right) adores the other woman (left)

21.

A)
 GIRL IX3a GIRL IX3b 3aKISS3b
 (SOV)
The girl (left) kisses the other girl (right)

B)
 GIRL IX3a GIRL IX3b 3bKISS3a
 (OSV)
The girl (right) kisses the other girl (left)
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22.

A)
 GIRL IX3a GIRL IX3b 3aWAKE-UP3b
 (SOV)
The girl (left) wakes up the other girl (right)

B)
 GIRL IX3a GIRL IX3b 3bWAKE-UP3a
 (OSV)
The girl (right) wakes up the other girl (left)

23.

A)
 GIRL IX3a GIRL IX3b 3aHUG3b
 (SOV)
The girl (left) hugs the other girl (right)

B)
 GIRL IX3a GIRL IX3b 3bHUG3a
 (OSV)
The girl (right) hugs the other girl (left)

24.

A)
 GIRL IX3a GIRL IX3b 3aCONSOLE3b
 (SOV)
The girl (left) consoles the other girl (right)

B)
 GIRL IX3a GIRL IX3b 3bCONSOLE3a
 (OSV)
The girl (right) consoles the other girl (left)

25.

A)
 GIRL IX3a GIRL IX3b 3aOBSERVE3b
 (SOV)
The girl (left) observes the other girl (right)

B)
 GIRL IX3a GIRL IX3b 3bOBSERVE3a
 (OSV)
The girl (right) observes the other girl (left)

26.

A)
 GIRL IX3a GIRL IX3b 3aTHANK3b
 (SOV)
The girl (left) thanks the other girl (right)

B)
 GIRL IX3a GIRL IX3b 3bTHANK3a
 (OSV)
The girl (right) thanks the other girl (left)

27.

A)
 GIRL IX3a GIRL IX3b 3aADDRESS3b
 (SOV)
The girl (left) addresses the other girl (right)

B)
 GIRL IX3a GIRL IX3b 3bADDRESS3a
 (OSV)
The girl (right) addresses the other girl (left)

28.

A)
 GIRL IX3a GIRL IX3b 3aINFLUENCE3b
 (SOV)
The girl (left) influences the other girl (right)

B)
 GIRL IX3a GIRL IX3b 3bINFLUENCE3a
 (OSV)
The girl (right) influences the other girl (left)

29.

A)
 GIRL IX3a GIRL IX3b 3aHELP3b
 (SOV)
The girl (left) helps the other girl (right)

B)
 GIRL IX3a GIRL IX3b 3bHELP3a
 (OSV)
The girl (right) helps the other girl (left)

30.

A)
 GIRL IX3a GIRL IX3b 3aPROTECT3b
 (SOV)
The girl (left) protects the other girl (right)

B)
 GIRL IX3a GIRL IX3b 3bPROTECT3a
 (OSV)
The girl (right) protects the other girl (left)

31.

A)
 BOY IX3a BOY IX3b 3aANNOY3b
 (SOV)
The boy (left) annoys the other boy (right)

B)
 BOY IX3a BOY IX3b 3bANNOY3a
 (OSV)
The boy (right) annoys the other boy (left)

32.

A)
 BOY IX3a BOY IX3b 3aSCARE3b
 (SOV)
The boy (left) scares the other boy (right)

B)
 BOY IX3a BOY IX3b 3bSCARE3a
 (OSV)
The BOY (right) scares the other boy (left)

33.

A)
 BOY IX3a BOY IX3b 3aHATE3b
 (SOV)
The boy (left) hates the other boy (right)

B)
 BOY IX3a BOY IX3b 3bHATE3a
 (OSV)
The boy (right) hates the other boy (left)

34.

A)
 BOY IX3a BOY IX3b 3aRESPOND3b
 (SOV)
The boy (left) responds to the other boy (right)
B)
 BOY IX3a BOY IX3b 3bRESPOND3a
 (OSV)

The boy (right) responds to the other boy (left)
35.

A)
 BOY IX3a BOY IX3b 3aINFECT3b
 (SOV)
The boy (left) infects the other boy (right)

B)
 BOY IX3a BOY IX3b 3bINFECT3a
 (OSV)
The boy (right) infects the other boy (left)

36.

A)
 BOY IX3a BOY IX3b 3aCATCH3b
 (SOV)
The boy (left) catches the other boy (right)

B)
 BOY IX3a BOY IX3b 3bCATCH3a
 (OSV)
The boy (right) catches the other boy (left)

37.

A)
 BOY IX3a BOY IX3b 3aLOOK-AT3b
 (SOV)
The boy (left) looks at the other boy (right)

B)
 BOY IX3a BOY IX3b 3bLOOK-AT3a
 (OSV)
The boy (right) looks at the other boy (left)

38.

A)
 BOY IX3a BOY IX3b 3aASK3b
 (SOV)
The boy (left) asks the other boy (right)

B)
 BOY IX3a BOY IX3b 3bASK3a
 (OSV)
The boy (right) asks the other boy (left)

39.

A)
 BOY IX3a BOY IX3b 3aSCOLD3b
 (SOV)
The boy (left) scolds the other boy (right)

B)
 BOY IX3a BOY IX3b 3bSCOLD3a
 (OSV)
The boy (right) scolds the other boy (left)

40.

A)
 BOY IX3a BOY IX3b 3aVISIT3b
 (SOV)
The boy (left) visits the other boy (right)

B)
 BOY IX3a BOY IX3b 3bVISIT3a
 (OSV)
The boy (right) visits the other boy (left)
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