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Toddlers' language-vision mapping: They need not have the words for it 
 

Falk Huettig a, b, James M. McQueen a, b, & Elizabeth K. Johnsonc 
aMax Planck Institute for Psycholinguistics, Nijmegen, The Netherlands 

bDonders Institute for Brain, Cognition, and Behaviour, Nijmegen, The Netherlands 
cUniversity of Toronto, Toronto, Canada 

contact: falk.huettig@mpi.nl 
 

In mature language users there is a tight coupling between visual processing and high-
level mental representations involved in memory and language. This is particularly 
evident from eye gaze behavior during language-mediated visual search (see Huettig, 
Olivers, & Hartsuiker, 2011, for discussion). Recent studies have demonstrated that 
language-mediated shifts of attention to only partially matching referents in the visual 
field are present in children as young as 3 years of age:  when 36-month-olds are asked to 
look at a strawberry, they tend to look at the red as opposed to the yellow plane (Johnson 
& Huettig, 2011). Although language-mediated shifts of visual attention appear to be 
robust and to emerge early, the role of lexical knowledge in this process is not yet clear. 
When a listener momentarily fixates a four-leaf clover upon hearing the word ‘frog’, is 
this behavior driven indirectly, through lexical knowledge of the color label green? Or is 
it driven directly by the conceptual attribute “green” that is shared between the named 
and the seen object?  
 
In the present study we tested whether 24-month-olds exhibit shifts in overt attention to 
objects that match a named but missing referent along a perceptual dimension (i.e. color) 
that the children do not yet have a verbal label for. In order to test for color label 
knowledge, toddlers were presented with color label trials in which they would be asked 
to look at one of two smiley faces that were identical in all ways besides color (toddlers 
would hear ‘look at the red one’ while viewing a red and a yellow smiley face). During 
target trials, toddlers were asked to look at one of two objects pictures on a screen 
(hearing ‘look at the elephant’ while viewing an elephant and a pink boot). During related 
distractor trials and unrelated distractor trials, toddlers were asked to look at a missing 
referent while viewing two objects. During related distractor trials one of the two 
unrelated pictured objects shared prototypical color with the named missing referent. 
During unrelated distractor trials neither picture was related to the named missing 
referent. Note that the images shown during these trials were identical to those shown 
during the related distractor trials. The only difference was that the named missing 
referent bore no relationship to either pictured object. 
 
Toddlers looked significantly more at the distractors that were color-related to the named 
absent target starting within 200 ms after target word offset. Importantly, we observed a 
clear within-toddler dissociation. Words such as 'banana' (typically yellow) resulted in 
shifts in visual attention to yellow things but color words such as 'yellow' did not.  This 
demonstrates that hearing names of objects with a prototypical color evoked color 
attributes and influenced visual orienting, whereas this was not the case for color names.  
Language-mediated shifts in visual orienting must therefore be (at least partially) 
independent of knowing color labels, that is, such shifts are not necessarily mediated by 
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stored lexicalized labels. Perceptual-conceptual knowledge about color can determine 
toddlers’ language-mediated behavior before they have color words (Johnson, McQueen, 
& Huettig, in press).   
 
References 
Huettig, F., Olivers, C. N. L., & Hartsuiker, R. J. (2011). Looking, language, and memory: Bridging 
research from the visual world and visual search paradigms. Acta Psychologica, 137, 138-150. 
 
Johnson, E. K., & Huettig, F. (2011). Eye movements during language-mediated visual search reveal a 
strong link between overt visual attention and lexical processing in 36-months-olds. Psychological 
Research, 75, 35-42. 
 
Johnson, E., McQueen, J. M., & Huettig, F. (in press). Toddlers’ language-mediated visual search: They 
need not have the words for it. Quarterly Journal of Experimental Psychology, 
doi:10.1080/17470218.2011.594165. 
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Using ‘overlap’ as a measure of young children’s syntactic knowledge 
Hao Wang and Toben H. Mintz 

University of Southern California 

contact: haowang@usc.edu, tmintz@usc.edu 
 

Recent corpus studies assessed young children’s knowledge of the determiner category by 

examining overlap in contexts in which different determiners occurred (1,2,3). For example, 

the overlap of determiners a and the is computed as the number of nouns used with both a 

and the divided by the number nouns used with either a or the. The presence of an abstract 

determiner category is argued to enable acquired knowledge of one determiner to be 

available to other category members.  Children with the category were expected to use 

multiple determiners with a noun and thus show similar overlap as adults. However, prior 

analyses came to different conclusions as to whether children’s overlap compared to their 

mothers’ indicated a determiner category. 

 

Different sample sizes may have contributed to this discrepancy (3,4,5). Valian et al. 

speculated that small samples would lead to significant underestimates of overlap (3), but did 

not directly test this hypothesis. In our Analysis 1, we tested the hypothesis that overlap is 

positively correlated with sample size. For each of seven mothers in CHILDES (6) 

(children’s age<3 and MLU<4), samples of different sizes were created by successively 

adding recording sessions. To avoid any effect of mothers adjusting the complexity of their 

speech according to children’s development, the adding was done working backwards from 

the last session (e.g., sample 2 included utterances from the final two sessions). Overlap was 

computed for each sample. The mean overlap for the largest sample (31%, SD=0.06) was 

significantly higher than the 11% overlap obtained in (3). Overlap and the number of 

utterances were significant correlated for all corpora (mean r=0.90, p<0.01). Thus, previous 

studies may have underestimated adults’ and children’s actual overlap because of the small 

samples used.  Our analysis demonstrates how critical sample size is for interpreting overlap 

scores. 

 

Even samples of the same size may show different overlap because overlap is correlated with 

the frequency distribution of nouns and determiners in sample—less frequent nouns have 

fewer opportunities to show overlap (3). Thus, interpreting overlap scores may be further 

improved by comparing actual overlap to expected values that take into account noun 

frequency. Assuming determiners have equal opportunities to occur with a noun, the 

probability of overlap for a word of a given frequency is given in Equation 1. Using the 

actual noun frequency distribution of the Brian corpus (7), we computed 1,000,000 Monte 

Carlo trials using this formula to calculate a probability density function of overlap (Figure 1).  

The mother’s actual overlap (43%) was 40 SDs below the mean expected overlap (63%).  We 

thus quantify what has been recognized—even with an abstract determiner category, 

determiners do not freely distribute with nouns.  This fact, along with the sample size issue, 

means that we should expect children’s overlap scores to be quite low, even if they have a 

determiner category.  As a first step, using adults’ deviation from the expected values 

generated by our formula, as opposed to raw overlap, could provide a baseline for evaluating 

children’s overlap in a more meaningful way. 
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P(overlap) !
d f

" 2

d f
!

Equation 1. Probability of an overlap for a particular noun occurring f times, when there are d 

possible determiners. Overlap occurs when the noun occurs with at least two different 

determiners. To compute the probability density of expected overlap for a corpus sample, we 

considered only the determiners a and the (d=2) and ran Monte Carlo trials that yielded 

whether each noun in a given Monte Carlo run showed overlap or not, based on this formula. 

Thus, each Monte Carlo trial yielded a number of nouns that showed overlap, which could be 

directly converted to an overlap score. 

 

 

Figure 1. The probability density function of overlap computed from 1,000,000 Monte Carlo 

trials using Equation 1. (The total number of noun types for the mother is 2312.) 

 

References: 
1. Pine, J. M., & Martindale, H. (1996). Syntactic categories in the speech of young children: The case of the 

determiner. Journal of Child Language, Child-Language. 

2. Pine, J. M., & Lieven, E. V. M. (1997). Slot and frame patterns and the development of the determiner 

category. Applied Psycholinguistics, Applied-Psycholinguistics. 

3. Valian, V., Solt, S., & Stewart, J. (2009). Abstract categories or limited-scope formulae? The case of 

children's determiners. Journal of Child Language, 36(04), 743-778. 

4. Rowland, C. F., Fletcher, S. L., & Freudenthal, D. (2008). How big is big enough? Assessing the reliability 

of data from naturalistic samples. In H. Behrens (Ed.), Corpora in Language Acquisition Research: History, 

methods, perspectives: John Benjamins Pub. Co. 

5. Tomasello, M., & Stahl, D. (2004). Sampling children's spontaneous speech: How much is enough? . 

Journal of Child Language, 31, 101-121. 

6. MacWhinney, B. (2000). The CHILDES Project: Tools for Analyzing Talk. Mahwah, NJ: Lawrence 

Erlbaum Associates. 

7. Lieven, E., Salomo, D., & Tomasello, M. (2009). Two-year-old children's production of multiword 

utterances: A usage-based analysis. Cognitive Linguistics, 20(3), 481-507.  
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Elimination of unpredictable linguistic variation through iterated learning 
Kenny Smith

1
, Kate Swoboda

2
 and Elizabeth Wonnacott

3 

1
University of Edinburgh, 

2
Aston University, 

3
University of Oxford 

contact: kenny@ling.ed.ac.uk 

 
Natural languages do not differ arbitrarily, but are constrained so that certain properties 

recur across  languages. These constraints presumably arise from the interaction between 
constraints imposed by the human language learning device and the cultural transmission of 
language in populations (see e.g. Christiansen & Chater, 2008). A test-case for the 
relationship between these factors is linguistic variation (e.g. Hudson Kam & Newport, 
2005). Variation in language tends to be predictable: in general, no two linguistic forms occur 
in precisely the same environments and perform precisely the same functions. Instead, usage 
of alternate forms is conditioned in accordance with phonological, semantic, pragmatic or 
sociolinguistic criteria.  A previous experimental study (Smith & Wonnacott, 2010), using an 
iterated artificial language learning methodology (where the language produced on test by 
the first participant in each of several independent transmission chains is used to train the 
second participant in that chain, and so on) demonstrates that iterated learning can produce 
linguistically-conditioned stable variability: variability (in choice of plural marker) present in 
an initial language was preserved over multiple episodes of transmission, but became 
predictable, with usage becoming conditioned on the noun being marked. Such results (see 
also Reali & Griffiths, 2009) might suggest that cultural transmission generates predictable 
variability in language. 

This result was obtained in the classic diffusion chain design (see e.g. Kirby, Cornish & 
Smith, 2008), where each learner is exposed to the linguistic output of a single model: in a 
more realistic model of language transmission, learners would be exposed to linguistic input 
generated by multiple individuals, with idiosyncratic regularizations made by a single teacher 
being less prominent in the learner’s data.  This more realistic treatment of transmission in 
populations might be expected to slow or even block the cumulative regularization 
demonstrated in  single-person chains.  In order to explore this question, we adapted Smith & 
Wonnacott’s (2010) learning task to study transmission in multi-individual populations: 
specifically, we ran ten two-person chains, where each generation consists of two individuals 
exposed to linguistic data produced by both individuals from the previous generation In five 
of these chains each utterance was marked with the identity of the speaker who produced it, 
and in five chains no information regarding speaker identity was provided. Ten single-person 
chains were run for comparison.   

We calculated the conditional entropy of the plural marking system for each generation in 
each chain.  Analyses revealed a significant main effect of generation number, indicative of a 
cumulative reduction in unpredictability, but also a significant chain type x generation 
number interaction: as illustrated in Figure 1, two-person chains regularize more slowly than 
one-person chains, but do still exhibit a cumulative generation-on-generation reduction in 
entropy. Additional analyses showed that presence/absence of speaker identity makes no 
difference to rate of regularization in two-person chains.   

These results suggest that transmission in populations attenuates the regularization seen in 
single-person chains. Consequently, transmission alone may not be enough to engender 
predictability in natural languages: ongoing work explores the role of other mechanisms for 
the removal of unpredictability (e.g. alignment in dialogue: Pickering & Garrod, 2004). 
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Figure 1: Mean change in conditional entropy (relative to generation 1 output language) 
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Effects of linguistic cues in learning verbs and nouns:  

A computational study of early word learning 
Afra Alishahi & Pirita Pyykkönen

1 

1
Saarland University 

contact: afra@coli.uni-sb.de!

 

It has been suggested that children draw on syntactic cues that the linguistic context provides 

in verb learning, a hypothesis known as syntactic bootstrapping (Gleitman, 1990). In contrast, 

the acquisition of nouns seems to be more dependent on cross-situational context and the 

regularities therein. According to the syntactic bootstrapping view, verbs are learned with a 

delay because the linguistic information that supports their acquisition is not available during 

the early stages of language acquisition. To investigate the impact of linguistic and 

extralinguistic cues in identifying words, Gillette et al. (1999) proposed the Human 

Simulation Paradigm (HSP): adult participants are asked to identify target words by watching 

videos, provided with different degrees of information about the linguistic context of the 

target verbs. Various studies of this type have shown that linguistic and structural cues 

significantly improve the performance of adults in identifying verbs. Piccin & Waxman 

(2007) showed the same trend for school-age children, but their performance is inferior to 

adults. These findings hint at a gradual development of syntactic bootstrapping, but it is 

uncertain whether the same effect can be observed in much younger children who have not 

mastered the syntactic structure of their language yet. 

 

We propose a novel approach to studying this problem. We use a Bayesian model of early 

verb learning which incrementally learns syntactic constructions of language via clustering 

similar verb usages. We simulate the task of identifying target words in novel situations as 

finding the word with the highest conditional probability given different sets of (perceptual 

and linguistic) cues. We train our model on a set of scene-utterance pairs before evaluating it 

on a word identification task. In the “no linguistic information" (-LI) condition, only the 

properties of the event and the conceptual and event-based properties of the participants are 

included. In the “with linguistic information" (+LI) condition, the syntactic properties of the 

accompanying utterance are also given. The age of the model is determined by its exposure to 

input data prior to performing the task. We simulate different age groups by varying the size 

of the training data. 

 

The results of our computational simulations replicate the experimental findings of Piccin & 

Waxman (2007) that syntactic information boosts the identification of verbs by adults (Figure 

1, top left). Our results also suggest that the boosting effect comes into play with a delay, and 

only after enough input data is processed and a relatively stable knowledge of syntactic 

constructions are formed. Specifically, our model predicts that very young children's verb 

learning might not be modulated by linguistic information (Figure 1, top right), even though a 

significant impact can be found in the later stages of development. Also, guessing nouns for 

the younger age groups was less accurate when the linguistic information was provided, and 

no effect on performance by linguistic information was observed in later age groups (Figure 

1, bottom panel). This might be due to the fact that most early nouns refer to observable 

concepts, and are less dependent on the structure of their linguistic context than verbs. 
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Figure 1: Average absolute accuracy of identifying verbs (top panel) and nouns (bottom panel) in
early stages of learning for di!erent age groups: after processing 500 input pairs (left) or 100 input
pairs (right).The dashed lines and the solid lines represent the “no linguistic information” (-LI)
and “with linguistic information” (+LI) conditions, respectively.
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The Process of Learning Novel Linguistic Constructions Revealed by 

Functional Neuroimaging 
Matt A Johnson, Nicholas B. Turk-Browne, and Adele E Goldberg 

Princeton University 

Contact: majthree@princeton.edu!"#$%%!&!'()*+(*, 

 

In general, neurolinguistics has largely focused on the neural substrates of stable 

linguistic processes and representations, with relatively less focus on how this knowledge 

is learned in the first place.  And while recent behavioral work has helped shed light on 

the processes involved in how argument structure generalizations are initially learned, the 

precise mechanisms remain somewhat mysterious.  In this study, we attempt to elucidate 

these mechanisms by exploring the process of novel construction learning using fMRI.  

In addition to investigating the process of construction learning specifically, this work 

also helps address an issue of concern to neurolinguistics more generally: whether 

language acquisition is subserved by traditional language areas (Optiz & Friederici, 

2004), or by a more distributed network (Elman et al., 1996; Tomasello, 2001).  !

While undergoing fMRI, 16 adult (age 18-27) participants were shown brief (6-10 

s) audio-visual clips that provided the opportunity to learn two novel constructions.  All 

learning was intended to be incidental and implicit: participants were simply instructed to 

watch the videos and pay attention to the language that described them.  !"#$%&''()&*"+$

construction depicted scenes in which one character approached another with various 

manners of locomotion. These scenes were narrated with the word order 

NPtheme NP location V, where the first NP approaches the second,$$-$.#*)/0$%&''#&(&/*#+$

construction consisted of various characters appearing on or in another object, with the 

word order V NPtheme NPlocative.  Two scanning runs were collected for each construction, 

)/#$%'&11#(/#0+$&/0$1"#$)1"#($%(&/0)2.+$3/$1"#$'&11#rned condition, the visual actions were 

consistently narrated by the forms described above, enabling participants to learn the 

abstract pairing of form and meaning. In the random condition, the same videos were 

shown in the same order, but the words in the narration were randomly ordered; this 

variability prevented learning of an abstraction.  The design was within subjects: all 

participants were exposed to a patterned and a random version of each construction, 

which were counterbalanced to control for possible ordering effects.  A subsequent 

forced-choice behavioral test confirmed that participants successfully learned both 

constructions in the patterned conditions. !

In order to assess learning at the level of the brain, we compared patterned and 

random conditions in several ways.  An 453$&/&67.8.$(#9#&6#0$:(#&1#($&*189817$8/$;()*&+.$

area (L BA 44/45) at the beginning of learning than at the end for both patterned 

conditions, suggesting that it may be involved in the initial stages of construction 

learning.  In addition, whole-brain analyses revealed an inverse relationship between 

behavioral learning and bilateral ventral striatum activity (see figure 1).  This is 

consistent with the possibility that a growing knowledge of the constructions attenuated 

prediction error for the depicted actions, and that language learning critically involves 

indirect negative feedback via prediction error (Marcus 2000).  Critically, neither of these 

effects were apparent in the random conditions.  

We also conducted a time course analysis, in order to examine which regions 

increased linearly individual trials progressed.   In both conditions we find areas which fit 

AMLaP2011-PosterSession1
16

mailto:majthree@princeton.edu


this linear pattern to a significant degree - patterned condition: posterior precuneus and 

posterior cingulate (see figure 2A); random condition: posterior cingulate/posterior 

corpus callosum (see figure 2B).  However, when we contrast these two directly, only the 

posterior precuneus activity in the patterned condition remains (figure 2C).  This 

remaining posterior precuneus activity is noteworthy, as this region has been heavily 

associated with episodic memory retrieval (Cavanna and Trimble 2006) ! in line with 

previous ideas that the generalization process involves a retrieval of previously 

encountered exemplars (Goldberg 2006).     

Overall, we find that construction learning appears to involve both traditional 

language areas, as well as invokes more domain-general learning mechanisms.   

  

                                         
F igure 1: Inverse correlation between activity during patterned exposure runs, and 
behavioral performance 
  

            
                 A)                              B)                              C) 

F igure 2: Linear time course analyses for patterned presentations (A) random 
presentations(B), and a contrast between the two ! patterned over random(C) 
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Learning Structural Biases of Novel Verbs: An ERP Study 
Zhenghan Qi and Susan Garnsey 

University of Illinois, Urbana-Champaign 

Contact: zqi2@illinois.edu 
!

A wealth of findings suggests that frequency-based accessibility of structural alternatives 

for particular verbs (verb bias) plays an important role in sentence comprehension [1, 2, 3]. In 

the language acquisition and artificial language learning literatures, behavioral evidence 

indicates that both children and adults learn the combinatorial facts about a particular verb 

from linguistic input [4, 5], but little is known about brain activity during such learning.  

The current experiment investigated continuous electrophysiological activity underlying 

the learning process of new frequency-sensitive verb bias, to explore how the human 

language system adapts to new statistical linguistic information. EEG was recorded while 

participants read sentences containing novel verbs in rapid serial visual presentation (500 

msec SOA). All of the training sentences provided strong semantic context promoting either 

modifier or instrument interpretation of a prepositional phrase following the novel verb,  as in 

sentences (1) and (2). 

(1) Instrument-ambiguous /-unambiguous: The farmer dakked the corn with /using the tractor…  

(2) Modifier-ambiguous /-unambiguous: The gladiator norged the lion with / that has the mane… 

In instrument-training sentences (1), tractor has to be an instrument for an unknown 

action dakking, while in modifier-training sentences (2), mane is clearly a property of the lion 

rather than an instrument used in the unknown action norging. Half of the training sentences 

included ambiguous with phrases, while the other half substituted the unambiguous using or 

that has in place of with. Each participant completed a brief training session with 64 

sentences evenly distributed in four conditions across two blocks. Each novel verb was 

presented in only one of the four training structures.  

Electrophysiological evidence suggests learning over the time course of verb bias training. 

In the disambiguating noun region, mean N400 amplitude elicited by instrument nouns (e.g. 

tractor) was reliably smaller than that elicited by modifier nouns (e.g. mane, Fig-1). 

 
Post-hoc analysis revealed that this attachment effect came mainly from the conditions 

containing the ambiguous with phrases, rather than from the unambiguous conditions 

containing using and that has (Fig-2). N400 reduction in instrument-ambiguous training trials 

may reflect the fit of the noun’s meaning with the instrument role predicted for it based on 

the newly learned verb bias.  In the unambiguous conditions, however, no such difference 

was observed, perhaps because readers did not have to learn verb-specific information since 

disambiguation was supplied by using and that has.  

Individual differences in familial left handedness appear to predict different learning 

strategies. For sentences containing ambiguous with phrases, individuals without left-handed 

relatives showed an attachment effect that changed from N400 in the first block to P600 in 

Fig-1!!Grand average ERPs elicited by the 

disambiguating nouns in two attachment types at Pz 

channel. Effects are collapsed across ambiguity. 

Instrument-training trials elicited a smaller N400 

than modifier-training trials. 
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the second block (Fig-3A & B). In contrast, no P600 effect was observed in individuals with 

left-handed relatives. These results suggest that at least for some subjects, learning verb bias 

involves a transition from semantic to syntactic processing. 

 

         
 

 

 

 

 

 

The results suggest experience-dependent plasticity in the language system, which 

continuously collects statistical information from linguistic input. Future experiments using 

sentences that contradict the trained biases will provide additional evidence addressing when 

and how people use newly learned verb bias during comprehension. 

!

!"#"$"%&"'(

1. MacDonald, M. C., Pearlmutter, N.J., & Seidenberg, M.S. (1994). The lexical nature of syntactic ambiguity 

resolution. Psychological Review, 101, 676-703. 

2. Trueswell, J.C. & Kim, A.E. (1998). How to prune a garden-path by nipping it in the bud: Fast-priming of 

verb argument structures. Journal of Memory and Language, 39, 102-123. 

3. Garnsey, S., Pearlmutter, N., Myers, E., & Lotocky, M. (1997). The contributions of verb bias and plausibility 

to the comprehension of temporarily ambiguous sentences. Journal of Memory and Language, 37, 58-93. 

4. Yuan, S. & Fisher, C. (2009). “Really? She blicked the baby?”: Two-year-olds learn combinatorial facts 

about verbs by listening. Psychological Science, 20, 619 - 626. 

5. Wonnacott, E., Newport, E., & Tanenhaus, M. (2008). Acquiring and processing verb argument structure: 

Distributional learning in a miniature language. Cognitive Psychology, 56, 165-209. 

 

 
Modifier./Ambig.! Instrument./Ambig.:300!500 msec

 

 

Modifier./Unambig.! Instrument./Unambig.:300!500 msec

!2.5

!2

!1.5

!1

!0.5

0

0.5

Fig-2. Voltage maps showing the distribution of N400 

(300–500 ms) attachment effects in ambiguous and 

unambiguous training trials, elicited by the 

disambiguating nouns. The N400 effect was largest 

over central-posterior sites in ambiguous training and 

left occipital sites in unambiguous training. Across all 

the channels, the N400 response was reliable only in 

ambiguous trials. 

)*( )+(

Fig-3. Transition from N400 to P600 across two training blocks and its relation to individual handedness family 

history. (A). Grand average ERPs elicited by the disambiguating nouns in instrument and modifier ambiguous 

training trials at the Pz channel. The N400 effect was reduced in the second block and was followed by the 

emergence of a P600 response. (B). P600 effect in the second training block at channel Pz in subjects who have 

only right-handed relatives (RR) and those who have at least one left-handed relative (RL). In the RR group, 

P600 amplitude was reliably smaller in instrument/ambiguous than modifier/ambiguous training, but the RL 

group did not show the same effect.  

AMLaP2011-PosterSession1
19



Is fully-automated corpus-based language acquisition research feasible? 
Tomonori Nagano and Virginia Valian

 

CUNY Graduate Center 

contact: tnagano@gc.cuny.edu 

 

The CHILDES database (MacWhinney, 2000) potentially offers researchers the 

ability to analyze patterns of acquisition across a large number of children, but two issues 

stand in the way of realizing the full potential of the database. One issue is the scarcity of 

published studies on the validity of automated corpus studies. Many information layers have 

been added to CHILDES (e.g., part-of-speech, morphological, tokenization layers), but what 

they contribute is rarely addressed.  Various evaluation metrics are employed with the 

untested working assumption that high scores on those metrics directly translate into the 

validity of the categorized database. For example, Sagae et al. (2010) report that their 

argument-structure tags (e.g., SUBJ, OBJ, LOC etc.) achieved 92.79% accuracy in the children’s 

utterances, but a closer look shows that “accuracy” is an overall performance metric that 

encompasses many irrelevant and high-frequency tags such PUNCTUATION and ROOT. 

 

To investigate the areas of greater and lesser usefulness of CHILDES, we integrated 

the CHILDES database with Natural Language Toolkit (NLTK; Bird, Klein, & Loper, 2009) 

and conducted a fully automated replication of several findings from Valian (1991). Valian 

investigated the use of syntactic subjects and objects by 21 two-year-olds. Her data consist of 

frequency counts and percentages of subjects, objects, expletive subjects, modals, semi-

auxiliaries, and verbs. Valian’s results, achieved manually, constitute a gold standard against 

which a fully automated analysis can be compared. The comparison sheds light on “usability” 

and possible applications of the CHILDES tools, such as the argument-structure layer. 

 

The results from Valian’s original study and CHILDES/NLTK data were comparable 

in many analyses, but in some cases were wildly different. Strong correlations for mean 

length of utterances (MLU), the number of verbs, and, to a lesser degree, the number of 

children’s utterances were observed (MLU: r(19)=0.91, p<.001; verb: r(19)=0.96, p<.001; 

utterances: r(19)=0.74, p<.001). The correlation of the number of verbs that appeared with 

subject also showed a high correlation, r(8)=0.95, p<0.001.  As shown in Fig. 1, the 

proportions of verbs, semi-auxiliary, and modals exhibit the same overall patterns by MLU 

group.  Thus, overall tabulations based on individual word categories were very similar to the 

gold standard.  

 

In contrast, the verb types with which the children used objects showed quite 

different patterns (Figs. 2a and 2b).  In general, CHILDES does not do well when intuitive 

judgment is required. For example, Valian (1991) excluded imperatives and imitations from 

her utterance count, but it is nearly impossible to determine those utterance types with the 

information currently available in CHILDES. The automated analyses also have difficulty 

determining the transitivity of verbs.  Many verbs are polysemous between transitive and 

intransitive uses and it requires careful examination of the contexts to correctly determine the 

transitivity of verbs. These issues, however, may be resolved by an addition of more 

information layers to CHILDES. 

 

A highly automated FLA analysis with the CHILDES database can complement 

current practice in the observational FLA corpus research, but only if additional information 

is included, and only if the investigator is primarily concerned about patterns rather than 

accuracy for each data point. 
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Figure 1: Production of verbs, semi!auxiliaries, and modals
with subject or expletive subject

(cf. Valian, 1991, p.58)
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Figure 2b: Production of objects with different types of verbs
(cf. Valian, 1991, p.73)
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(cf. Valian, 1991, p.72)
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Cognitive mechanisms of L2 errors and “fossilization”: An ERP study 

Kristin Lemhöfer1, Herbert Schriefers1, and Peter Indefrey1,2 

1 Radboud University Nijmegen, 2 Heinrich Heine University Düsseldorf 
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Most adult learners of a second language (L2) fail to reach a native-like level of proficiency 

in that language, but continue to speak with an accent and make grammatical mistakes. This 

phenomenon has been labeled L2 ‘fossilization’, and is estimated to affect 85-95% of adult 

learners (Birdsong, 2004). With respect to grammatical mistakes, it is particularly puzzling 

that they occur despite extensive exposure to correct L2 input, which is apparently not used 

by the learner for (permanent) error correction.  

The present study used event-related potentials to investigate the cognitive reasons of this as 

yet unexplained phenomenon. One account is that learners fail to notice the discrepancy 

between the (correct) input and their own (incorrect) L2 representations (Schmidt, 2001). We 

tested this hypothesis in 24 native speakers of German immersed in a Dutch-speaking 

environment for at least two years. The critical grammatical feature was Dutch word gender, 

for which even experienced German learners show systematic error patterns based on 

inappropriate L1-L2 transfer (e.g., Lemhöfer et al., 2010).  

In two EEG-experiments, participants read Dutch sentences containing target nouns that were 

preceded by a definite determiner, which in Dutch differs for the two gender categories 

neuter and common gender (het vs. de). 40 of the 80 critical nouns were items known to be 

particularly ‘difficult’ for German learners in terms of gender assignment. In Experiment 1, 

each target was preceded by either its correct or its incorrect determiner. After the EEG 

session, participants were asked for the correct determiners of the target nouns in an offline 

questionnaire, resulting in about 33% errors. In contrast to a native Dutch control group, who 

showed the standard P600-effect for determiner violations, no effect – when based on 

‘objective’ determiner correctness – was observed for the L2 learners. However, when re-

categorizing the presented determiners into those that matched or mismatched the responses 

of the respective L2 participant in the offline determiner production task, the P600-effect 

emerged for the mismatching relative to the matching condition. These results show that L2 

learners did perceive discrepancies between L2 input and own gender representations as 

subjective determiner violations, at least under circumstances where the input contained a 

high percentage of obvious errors. 

However, receiving obviously incorrect L2 input is untypical of immersion in a native L2 

environment. Therefore, in Experiment 2, a more realistic situation was created by using only 

objectively correct determiners. In this context, the 33% incorrectly represented items might 

still trigger a P600-effect due to the correct input representing a ‘subjective violation’, 

compared to correctly represented words. However, no P600-effect was found for definite 
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determiners that deviated from the ‘subjectively correct’ ones. This result suggests that in a 

normal situation with ‘unsuspicious’ input, L2 learners indeed do not notice the difference 

between that input and their own errors, even though their language system is able to do so, 

as demonstrated in Experiment 1. This ‘failure to notice’, possibly resulting from a lack of 

attention, explains the subsequent failure to learn from the input. 
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Automatic activation of Chinese orthography and phonology during English 
comprehension 

Taoli Zhang, Walter van Heuven and Kathy Conklin 
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contact: lpxtz@nottingham.ac.uk 

 
Thierry and Wu (2004; 2007) asked Chinese-English bilinguals to judge whether English 

word pairs were related in meaning or not. Participants were not aware that half of the 

English word pairs had Chinese translations with repeated characters (e.g., post - mail, !" - 

!#, repeated character: !). This hidden character repetition lead to slower responses 

(Thierry & Wu, 2004). In contrast, Zhang, van Heuven and Conklin (in press) had Chinese-

English bilinguals making lexical decisions to target words preceded by masked unrelated 

word primes presented for 59 ms (e.g., thing preceded by east, and vice versa) and found that 

hidden character repetition (east ! thing, $ - $%, repeated character$) lead to faster 

responses. 

 

The current study examined whether cross-language influences are modulated by task 

!"#$%!&'()'*&+%,'(-./'0/+"11)'$%!'2*3&'&"#$%.+4'1"5$."!%"&&'6*!,"#"%.'.$&7'$%!'8/$%,'".'

$593&'primed lexical decision task with the same set of stimuli. Chinese-English bilinguals 

were presented with English word pairs whose Chinese translations repeated orthography 

(card - stuck,!& - &, /ka3/ - /qia3/, i.e., homographs), phonology (throw - head, ' - (, 

/tou2/ - /tou2/, i.e., homophones), or both (face - noodle, ) - ), /mian4/ - /mian4/, i.e., 

homonyms). Responses to targets preceded by critical primes were compared with matched 

unrelated primes.  

 

The results of the semantic relatedness task (Experiment 1) showed that for Chinese-English 

bilinguals, word pairs that were translations of Chinese homographs were responded to 

slower (i.e., hidden homograph interference effect). The masked priming data of the Chinese-

English bilinguals (Experiment 2) revealed slower lexical decisions to target words when 

preceded by primes that are homophonic with the targets (i.e., hidden homophone 

interference effect). Responses of English monolinguals in both experiments were not 

affected by the Chinese word information, indicating that the observed effects are unique to 

Chinese-English bilinguals and are not due to characteristics of the English primes and 

targets. 

 

It is proposed that the hidden homograph interference effect observed in the English semantic 

relatedness judgment task is caused by inconsistent feedback from semantic to phonological 

units (i.e., phonological ambiguity) in Chinese homographs. On the other hand, the hidden 

homophone interference effect found in the English lexical decision task is the result of 

inconsistent feedback from phonological to orthographic units (i.e., orthographic ambiguity) 

in Chinese homophones. Overall, these phonological and orthographic ambiguity effects 

indicate that when Chinese-English bilinguals read English, Chinese phonology and 

orthography is activated through automatic translation.  
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Saying and writing English questions: 

Nature and causes of a persistent difficulty in L2 grammars 
Lucia Pozzan1and Virginia Valian1,2 

1CUNY Graduate Center, 2Hunter College – CUNY 
contact: lpozzan@gc.cuny.edu 

 

The syntactic properties of English interrogative structures are hard to master for L1 and L2 

learners alike. Even at advanced stages of proficiency, L2 learners produce main questions 

without subject-auxiliary inversion (Example (1)), and embedded questions with non-target 

inversion (Example (2)). The extent, nature, and causes of these non-target productions are 

controversial and poorly understood. In this study, we explore whether L1 transfer can 

accounts for these errors. We examine oral and written production of English main and 

embedded questions by L1-Spanish and L1-Chinese learners of English. These languages 

differ from English and each other in terms of verb- and wh-movement in main and 

embedded questions: Spanish has movement in both, while Chinese has no movement in 

either. To investigate whether the difficulty in forming questions correctly stems from lack of 

knowledge or from difficulties with implementation of L2 procedures under real-time 

constraints, we compare L2 learners’ performance in tasks that tap into different abilities. 

Specifically, we compare implicit knowledge, as revealed in elicited oral production and 

explicit knowledge, as revealed in edited written production. 

 

Results and Discussion  

Oral Elicited Production: the two L2 groups performed similarly in both main and embedded 

questions, indicating that L1 transfer is not the major source of non-target inversion patterns. 

L2 learners differed significantly from native speaker controls only on wh-questions: they 

often failed to invert in main questions for wh (11%) but not yes/no (2%), and over-applied 

inversion in embedded questions for wh (29%) but not yes/no (1%). L2 learners’ inversion 

rates showed an effect of wh-word, with why-questions being associated with significantly 

lower inversion rates than other wh-elements in both main and embedded questions.  

 
Written Production: L1-Spanish and L1-Chinese learners’ written production was examined 

via the relevant subsets of the ICLE corpus (International Corpus of Learner English, Granger 

et al., 2009). The extent and pattern of errors were comparable to those seen in the oral 

production task for main, but not for embedded questions. In main questions, results were 

similar for the two L2 groups: learners failed to invert in main questions for wh- (10%) but 

not yes/no (3%) structures. In line with the oral production results, L2 learners’ inversion 

rates showed a why-effect, with why-questions being associated with significantly lower 

inversion rates. In contrast, in embedded questions, both L1-Chinese and L1-Spanish 

speakers produced few inversion errors (0% and 3% in yes/no and wh-structures, 

respectively).  

 
Taken together, the results show that difficulties with word order in English main 

questions (a) are a consistent phenomenon in intermediate/advanced L2 learners in both 

oral and edited written production; (b) do not stem from L1 transfer; (c) suggest 

non-target-like representations rather than (or in addition to) implementation difficulties; and 

(d) occur primarily in specific syntactic structures (wh- vs. yes/no) and with specific 

wh-words (why). In contrast, inversion errors in embedded questions only surface in 

speaking, a task in which learners are under hard real-time pressure. Inversion errors in 

embedded questions might thus be due to (over)-implementation of automatic procedures, 

rather than to non-target-like representations. 
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Examples: 

(1) Why you are leaving? 

(2) I don’t know why are you leaving. 
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Ambiguous words range from having unrelated meanings (e.g., German kiefer denotes pine 

trees and jaws) to having related meanings (German Rad denotes wheels and bicycles). While 

ambiguous words with unrelated meanings share only a phonological form, the representation 

of ambiguous words with related meanings is unclear.
1,2

 

 In addition to a common phonology, 

do ambiguous forms with related meanings share further representations? 

Cross-linguistic variation provides a tool for examining this question because words that are 

ambiguous in one language are often unambiguous in another. For example, while kiefer and 

rad each designate two meanings in German, separate lexemes are needed in English. 

Research on bilingual language processing shows that representations from the task-irrelevant 

language nonetheless become active during comprehension, independent of L2 

proficiency.
3,4,5

 

 We examined the representation of ambiguous word-forms with related and 

unrelated meanings by testing German-English bilinguals and English monolinguals on 

words like jaw and bicycle, whose German translations are ambiguous.  

German-English bilinguals (N = 14) and English monolinguals (N = 14) participated in a 

visual search task. Each trial began with a written English cue, followed by an array of four 

pictures. The participant clicked on the referent of the cue (the target) or indicated that it was 

absent. Cues were chosen such that their German translations were ambiguous, and the 

alternate German meaning ranged from completely unrelated to clearly related to the cue. On 

critical trials, the target was absent, and a distractor matched the alternate meaning of the 

German translation (e.g. a picture of a wheel following the cue bicycle). We reasoned that 

more interference from these competitors (compared to unrelated controls) for the Germans 

would indicate the activation of German lexical representations of ambiguous meanings. Of 

particular interest was the interaction between language group and semantic relatedness in 

creating interference.  While more interference for the Germans (compared to the English 

speakers) on the semantically-unrelated competitors would indicate that phonological overlap 

between German ambiguous meanings had influenced L2 processing, a larger difference 

between the language groups on the semantically-related competitors would indicate that 

related German ambiguous meanings overlap beyond the phonological level.  

 

We analyzed accuracy using a linear mixed-effects regression with language group, semantic-

relatedness, and competitor/control presence as predictors (Figure 1). There were significant 

main effects of semantic-relatedness (p<.01) and German phonological overlap (competitor 

vs. control, p<.01), and these factors interacted with language group (p<.05). While both 

language groups experienced interference from competitors that were semantically-related, 

only German-English bilinguals experienced interference from semantically-unrelated 

competitors.  Similar patterns emerged in participants’ fixations during the visual search task 

(Figure 2). These results suggest that phonological overlap between ambiguous words in 

German created interference for German speakers even while processing English.  However, 

these results do not indicate common representational bases beyond the phonological level 

for the ambiguous words with related meanings we tested.  
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Figures 

 

 
Figure 1. Accuracy for English monolingual (a) and German-English bilingual (b) 

participants. Competitor-present trials are shown in red and control trials in blue. Accuracy 

decreased as semantic-relatedness increased (z=2.667, p<.01), accuracy was lower on 

competitor-present trials (z=4.474, p<.01), and there was a significant interaction between 

these factors (z=2.862, p<.01), and a further three-way interaction with language group 

(z=2.487, p<.05). 

 

 
Figure 2. Average fixation distance from the center of the competitor image, on a 800 x 

600pixel display, for English monolingual (a) and German-English bilingual (b) participants. 

Average fixation locations were closer to the competitor image than control images (t=4.004, 

p<.01), and this effect was marginally larger for bilingual participants (t=1.739,  p<.1), and 

significantly increased as semantic-relatedness increased (t=2.721, p<.01). 
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Exploring the Left Periphery in Bilingual Spanish-English Speakers
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We investigate how vulnerable the syntactic-discourse interface in bilingual speakers of 

Spanish and English. While the left periphery (LP) is available to both Spanish and English 

speakers, it is more restricted in English than in Spanish. Heritage Spanish speakers are 

defined as speakers that have acquired Spanish as a first language, but later in life feel more 

comfortable speaking English. It is unclear how heritage speakers use the LP in relation with 

native speakers of either Spanish and English. 

We examined utterances from the Fruit carts corpus [1,6,7] where speakers make requests to 

move an object in order to have their interlocutors replicate a map of objects in specific 

locations. In doing so, they utilize utterances realized with (1) mono-clausal non-LP, (2) 

mono-clausal with LP, and (3) bi-clausal plans. Spontaneous instructions in three separate 

experiments were elicited using this task-oriented paradigm in monolingual English and 

Spanish, and bilingual Spanish-English speakers. In the last two experiments (i.e. Spanish 

and Spanish-English) speakers were paired with a mono-lingual Spanish listener. Subjects 

spoke in Spanish. In the first experiment, speakers were paired with a mono-lingual English 

listener. Subjects spoke in English. 

In the task, theme expressions were either simple (an apple) or complex (the small/big apple). 

We analyzed MOVE requests from 13 English, 12 Spanish, and 25 heritage Spanish speakers 

(300, 107, 461 utterances respectively). 

The LP is a useful tool to express salient/topic material. It is widely used in Spanish, while 

more restrictedly in English [3]. We hypothesize that heritage Spanish speakers are limited in 

their use of LP. Indeed, we find this asymmetry (Table 1). Spanish speakers make a heavier 

use of the LP (25%) than their English counterparts (12%), while heritage Spanish fall in 

between (20%). 

Furthermore, heritage Spanish speakers make a heavier use of mono-clausal plans when 

expressing a MOVE request than either native Spanish or English speakers. The preference of 

mono-clausal over bi-clausal plans depends on the first noun phrase complexity [6,7]. This 

requires a limited yet advanced planning window to weight possible plans to realize the 

message. The fact that heritage speakers resort less to a bi-clausal plan, similar to mono-

lingual Spanish speakers suggests that both syntactic structures (English and Spanish) are 

active at the time of the decision. Alternatively, heritage speakers may resort to shallow 

parsing [4,5] due to the lower amount or resources available at the time of production. 

In sum, the LP is an alternative tool to express a MOVE request available to speakers of 

Spanish, English and Spanish-English bilinguals. The weaker the use of the LP in heritage 

Spanish speakers suggests that licensing mechanisms for such constructions, such as the 

pragmatic-syntactic interface [8], have been modified as compared to those of native 

speakers. 
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Title: Acoustic prominence in conversation: the effect of addressee 
Tuan Lam and Duane Watson

 

University of Illinois at Urbana-Champaign 

contact: tuanlam2@illinois.edu 

 

Prominence is affected by the context in which words are spoken: Less predictable words are 

spoken with greater prominence while predictable words are spoken with less prominence. 

However, predictability may vary depending upon one’s addressee. Friends share common 

ground, which can serve as an additional source of information making utterances more 

predictable for friends than strangers.  This may impact the prominence with which they 

produce words. We test this hypothesis in a referential communication task adapted from 

Lam & Watson (2010) in which speakers described two events affecting objects in a 3x4 

display. 

 

In this task, participants worked with a partner to manipulate objects on a screen.  On each 

trial, one object shrank then another object flashed.  One participant described these events to 

a partner while being recorded.  The target word was the reference for the object that flashed.  

 

We manipulated friendship status and target predictability. Friendship was a between subjects 

manipulation in which speakers were paired with either a friend or a stranger. To manipulate 

predictability, a circle probabilistically cued the target of the second event before it flashed. 

On predictable trials (11/12 of trials), the cue correctly signaled the object involved in the 

second event. The rest of the time the cue was invalid. We also manipulated ambient, 

background noise to test a separate research question, but do not report those results here. 

 

If speakers are sensitive to differences in common ground that correlate with friendship, 

friend pairs should have reduced prominence compared to stranger pairs. If speakers are not 

sensitive to these differences, speakers should show a simple predictability effect regardless 

of friendship status.  

 

The results were analyzed with mixed effects regression. We present prominence in terms of 

intensity and duration. For intensity, there was a main effect of friendship: speaking to 

strangers led to greater intensity than speaking to friends. There was a main effect of 

predictability that did not interact with friendship: predictable words had lower intensity than 

less predictable words. For duration, there was a significant interaction between predictability 

and partner: friends produced a smaller predictability effect than strangers. Additionally, 

there was a marginal effect of predictability: predictable words had shorter duration than less 

predictable words. 

 

The results suggest that the relationship between interlocutors can affect the prominence with 

which words are produced.  This suggests that theories of acoustic prominence must be 

expanded. Contextual factors such as friendship may affect acoustic prominence. 

 

References: 
Lam, T. Q. & Watson, D. G. (2010). Repetition is easy: Why repeated referents have reduced prominence. 

Memory & Cognition, 38(8), 1137-1146. 
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Facilitatory and interfering interactions  
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Two eye-tracking experiments in the visual world paradigm examined the interaction 

between structural priming and the contrast-marking prosody for the comprehension of a 

globally ambiguous branching structure in Japanese. In particular, we tested cases where the 

contrastive relation established between the prime and the target trials was either consistent 

with (Experiment 1) and incongruent with (Experiment 2) the contrast evoked by the 

prosodic manipulation. The phrase consisting of a color adjective, a nominal modifier with a 

genitive case, and a head noun such as ‘akai hoshino osara’ (red star-GEN plate) is globally 

ambiguous between left branching (LB) interpretation (i.e., plate with red stars) and right 

branching (RB) interpretation (i.e., red plate with stars) with the former being a preferred 

reading. Using this phrase, we manipulated presence/absence of focus intonation with an 

expanded pitch range, which is known to invoke contrastive referential interpretation (Ito & 

Speer, 2008; Weber et al., 2006).  

   In the present study, participants first heard an ambiguous phrase with no pitch expansion 

while viewing the picture with an object that is compatible either with the LB or with the RB 

interpretation (i.e., prime). In Experiment 1, the following critical utterance had either a pitch 

expansion on the color-expression (e.g., "red") or no expansion. The visual target of the 

prime and that of the critical utterance establish a contrast in color within each trial. The 

results revealed that (i) participants looked more at the target object of the same branching 

type as in the prime, and (ii) the priming effect was enhanced when the spoken stimuli had a 

pitch expansion on the color-expression than when there was no pitch expansion. The effect 

mainly showed up after the participants heard the entire ambiguous noun phrases (i.e., 

following the offset of ‘osara’ (plate), which was approximately 1800 ms after the stimuli 

onset).  

   In Experiment 2, the critical utterance had a pitch expansion on the first noun (e.g., "star-

GEN"), evoking a contrast in terms of the pattern, that contradicted the contrastive 

relationship in color between the prime and critical visual targets. Again, after the 

participants heard the whole noun phrase, the interaction between pitch expansion and 

structural priming was obtained: the pitch expansion counteracted the LB priming indicated 

by less looks to the LB-target with the pitch expansion on the first noun (e.g. "star-GEN"), 

while it facilitated the RB priming, i.e., more looks to the RB-target when the sentence 

accompanied the pitch expansion. The results together demonstrated that prosodic cues 

interacted with syntactic priming in a facilitatory, as well as an interfering manner. The 

possible reasons why the effects of the prosody and priming showed up differently depending 

on the prime type (LB or RB) will be discussed in detail. 

 

 

References: 
Ito, K. & Speer, S. R. (2008). Anticipatory effect of intonation: Eye movements during instructed visual search. 

Journal of Memory and Language, 58, 541-573. 

Weber, A., Braun, B., & Crocker, M. W. (2006). Finding referents in time: Eye-tracking evidence for the role of 

contrastive accents. Language and Speech, 49, 367-392. 

 
 

AMLaP2011-PosterSession1
36



Representation of Allophonic Tone Sandhi Variants 
!"#$%&'()*%+$,'(-%.'()*%/"(-0%.,'"--(1

%

2("3()%4)"5(10"6#%

,7)6$,68%#"#$9,'():';<9-("3();)"59)-%

%

Variation in spoken word realization is ubiquitous in connected speech and presents 

challenges for theories of linguistic representation and lexical processing. Most previous 

studies have approached this variability issue from the perspective of 0=7>() ?713%

1(,7@)"6"7)* mainly focusing on 0(@<()6$- alternations (e.g. Lahiri & Marslen-Wilson, 

1991). We report upon a study designed to examine alternations in 67)$- realization during 

0=7>()%-$)@;$@(%=173;,6"7). 

In many tonal languages, particularly Chinese dialects, lexical tones are realized with 

different allophonic pitch contours in different tonal contexts, known as tone sandhi (Chen, 

2000). The question addressed here is whether tone sandhi variants are represented in the 

mental lexicon and consequently, how they are encoded during speech production. Three 

experiments were designed to examine one specific tone sandhi variant (i.e. the Sandhi 

Rising or SR) in Beijing Mandarin (BM) where in a sequence of two lexical Low tones 

(within certain prosodic domain), the first L is realized with a rising pitch contour (SR), very 

similar to the rising contour of the lexical Rising tone (R). We aimed to tease apart three 

possibilities for the representation and phonological encoding of the SR variant. One is that 

SR is not stored in the mental lexicon. During phonological encoding, it is generated as a 

lexical Rising tone from the lexical Low tone (!"#$%&$'$&). Another possibility is that SR is 

not stored in the mental lexicon but generated as a new surface tonal category, different from 

both the lexical Low and Rising tone (!(#$%&$!$&)*). A third possibility is that SR is stored 

in the mental lexicon. SR and L are processed as the same abstract LOW tone (!+#$%&$'$*) 

during phonological encoding. 

We employed the A71<% =1(=$1$6"7)% =$1$3"@< (Meyer, 1990) and tested eighteen bi-

syllabic response words, with three tonal sequences (R+L, L+L, L+R). Three experiments 

were constructed with each including a subset of the stimuli. (Exp. 1 includes the tonal 

sequences of L+L, R+L; Exp. 2 L+L, L+R; and Exp. 3 R+L, L+R.) Within each experiment, 

the stimuli were grouped into different types of sets depending upon their segmental and 

tonal sharing of the first syllable in the response words. A so-called homogeneous set shares 

both segments and tone of the first syllable (S+T); a so-called odd-man set shares segments 

of the syllable and possibly tone, depending on the representation and processing of the 

Sandhi Rising variant (as predicted in Table I). Sixty native speakers of BM (20 for each 

experiment) participated in the study. Reaction time data were analyzed using linear mixed 

effects regression modeling (Baayen et al, 2008).         

The tonal sequences L+L and R+L showed only a preparation effect of segment sharing, 

similar to results of the control experiment where the tonal sequences of L+ R and R+L only 

share segments. The sequences of L+L and L+R, however, showed a preparation effect of 

both segment and tonal sharing. The results are thus compatible with the third possibility that 

the sandhi variant and non-sandhi Low tone are processed as the same abstract LOW tone 

during phonological encoding, suggesting that the mental lexicon contains both abstract tonal 

categories and their allophonic variants.  
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 Predictions for the odd-man condition 

SR 

representation 

Exp.1 

L+L, R+L 

Exp.2 

L+L, L+R 

Exp.3 

R+L, L+R 

SR = R S + T S S 

SR !!R or L S S S 

SR = L S S + T S 

"#$%&!'(!)*&+,-.,/01!/2!.3&!1&45&0.#%!678!#0+!./0#%!6"8!13#*,04!9*/9&*.,&1!2/*!.3&!1/:-#%%&+!

/++:5#0!-/0+,.,/0!,0!;<9&*,5&0.1!=:>!?3&*&!7@"!5&#01!.3#.!.3&!*&19/01&!?/*+1!13#*&!$/.3!

1&45&0.1!#0+!.3&!%&<,-#%!./0&!/2!.3&!,0,.,#%!1A%%#$%&B!7!5&#01!1&45&0.#%!13#*,04!/0%A!
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 Across languages, if a word has initial lexical stress, such as CONstruct, its stressed 

syllable is typically louder than the following. If a word has final stress, such as conSTRUCT, its 

stressed syllable is typically longer than the preceding. It has been suggested that this stress 

pattern results from a domain-general auditory preference, the iambic-trochaic law (ITL), which 

affects the perception of rhythmic grouping (Hayes, 1995). A recent study supporting this law 

(Hay & Diehl, 2007) showed that when listening to sequences of alternating syllables that vary 

either in intensity or duration (i.e. …gaGAgaGAgaGA…), both English- and French-speakers 

report groupings with initial prominence (i.e. GAga) if intensity is varied, but groupings with 

final prominence (i.e. gaGA), if duration is varied.  

 Hay and Diehl did not find differences between French- and English-speakers. This is 

intriguing in light of research suggesting that speakers of French, a language with no lexical 

stress, show a reduced sensitivity to stress information relative to speakers of languages with 

lexical stress (Dupoux et al., 2001; Dupoux et al., 1997). These cross-linguistic differences seem 

to result from an attunement to the specific prosodic features of the target language that takes 

place at the end of the first year of life. At 6 months of age, German-learning infants demonstrate 

a preference for syllables with a trochaic pattern, while French-learning infants can discriminate 

trochaic from iambic stress patterns but do not show any preference (Höhle et al., 2009). 

Furthermore, at 9 months, French-learning infants show reduced capacity for discrimination of 

this trochaic-iambic distinction (Skoruppa et al., 2009).  

 Based on these findings, we hypothesized that rhythmic grouping preferences should be 

affected by language experience, and that Hay & Diehl may have found cross-linguistic 

differences if they had used more speech-like material. To explore this, we ran an experiment 

with 40 French and 40 German adults, all screened for exposure to other languages using a 

modification of the Language Experience and Proficiency Questionnaire (LEAP-Q; Marian, 

Blumenfeld, & Kaushanskaya, 2007). Stimuli were synthesized sequences of 16 syllables made 

up of 4 different consonants and 4 different vowels (e.g. …bomuzeli…), each presented twice 

within the sequence, once in the strong and once in the weak position. These syllables alternated 

in either duration or intensity while the other factor (i.e. intensity in the duration-varied condition 

and vice versa) as well as f0 were kept constant.  

 Results showed that both French and Germans group syllables as trochees if intensity is 

varied and iambs when duration is varied (both p < .001). However, there was an interaction 

between language and type of manipulation (p < .001): the German listeners gave more trochee 

responses in the intensity condition and more iamb responses in the duration condition, showing 

more sensitivity than the French listeners to both types of syllable prominence. Moreover, 

German but not French listeners gave more trochee responses to control (invariant) sequences, 

reflecting a trochaic bias (p < .05).  

Thus, as both French and German listeners used intensity and durational cues for rhythmic 

grouping, our findings confirm the ITL to some extent. However, they also show that the strength 
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of the effect of the ITL on grouping preference varies with language experience. Future studies 

should address to what extent experience with different types of linguistic rhythm enhances or 

reduces an innate sensitivity to rhythm. !
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Linking speech errors and short-term memory errors: The role of 

phonological features 
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We test the assumption that verbal working memory and speech production are closely 

related by testing whether overlap in different phonological features (manner, associated 

particularly with acoustic similarity according to the acoustic feature hierarchy, Fant, 1973, 

vs. place, associated particularly with articulatory similarity according to articulatory 

phonology, Browman & Goldstein, 1986) affects error patterns in a short-term memory task 

depending on whether the output requires articulation (in oral serial recall) or whether it does 

not (in written serial recall) and by comparing these findings to a speech error task in which 

feature overlap is manipulated in the same way.  

 

In short-term serial recall, participants were presented with lists of five CV-syllables in which 

the vowel was always /a/ and in which the consonants either shared the manner and voicing 

features (/p/,/ t/,/k/), shared the place and voicing features (/d/,/ l/, /z/) or did not 

systematically overlap (/f/, /n/, /g/; sampling with replacement). In a series of four 

experiments, list presentation either provided acoustic sensory input or not (auditory 

presentation vs. visual presentation) and list recall either required articulatory output or not 

(oral recall vs. written recall). Syllables with onset consonants that are acoustically similar 

(sharing the MANNER feature, e.g. pa-ta) were more frequently confused than syllables with 

dissimilar consonants, with both auditory and visual input and written and oral output. 

Articulatorily similar items (with consonants sharing the PLACE feature, e.g. da-za) led to 

more errors than dissimilar items only with oral recall, that is, only when the task involved 

overt articulation. In all conditions, MANNER overlap caused more errors than PLACE 

overlap. Figure 1 displays mean error rates for visual presentation and oral recall (for a more 

detailed description of the results see Schweppe, Grice, & Rummer, 2011). 

 

 
Figure 1: Percentage of order errors for visually presented lists as a function of onset 

similarity and recall modality. 

 

The speech error task required paced reading aloud of tongue twisters (each consisting of 

four syllables with incompatible onset and rhyme patterns, e.g. pam-tos-tam-pos). 

Analogously to the short-term memory task, the onsets shared the PLACE feature (and the 

voicing feature), shared the MANNER feature (and the voicing feature), or did not overlap 

systematically. The error pattern resembled that of oral serial recall. There was a main effect 

of onset similarity (F(2,96) = 6.86; p = .002): Both types of feature overlap increased the 
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number of errors as compared to phonologically different onsets, but MANNER overlap had 

a stronger effect than PLACE overlap (see Figure 2). 

 

 

Figure 2: Percentage of contextual onset substitutions as a function of onset similarity. 

 

The influence of phonological feature overlap on speech errors as a function of whether 

articulatory movements are required or not is recently under discussion, with opposing views 

and data on whether phonological features are specified in – and thus influence – inner 

speech (e.g., Corley, Brocklehurst, & Moat, 2011; Oppenheim & Dell, 2008). However, 

neither of these studies took into account on what kind of feature overlap phonological 

similarity was based. Our data suggest that the involvement of phonological features in inner 

speech might depend on the type of feature that is shared.  

 

In sum, both oral serial recall errors and induced speech errors were most frequent when the 

onset consonants shared the MANNER feature and were again more frequent when the 

PLACE feature was shared as compared to onsets without systematic overlap. In addition, 

both were influenced by internal features (acoustic similarity affects serial recall and paced 

reading in the absence of acoustic input) as well as by motor codes (articulatory similarity 

affects only those tasks that require overt articulation). This further supports theories that 

conceive of verbal working memory as being parasitic on language processes instead of 

constituting a separate cognitive system (e.g., Acheson & MacDonald, 2009; Jones, Macken, 

& Nicholls, 2004).  
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Information Focus marking in F rench. 
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It has been claimed that French has two means of prosodic focalization: a) the displacement of 

the nuclear pitch accent (NPA) from the sentence edge to the right edge of the focused 

constituent and b) the intensification of the initial rise ([1], [2]). NPA displacement triggers 

deaccentuation to the right. While these two means are arguably independent, it has been 

observed that they may co-occur (bilateral marking of focus in [1]). Here, we present acoustic 

results supporting the observation. 

The corpus consists of answers to broad or partial questions bearing on the object, elicited 

from eighteen speakers. They all have the same pattern V (subject clitic+verb), O (Object), A 

(adverbial) see (1) below: 

(1) !"#$%&'%(%)**+,-&!./(&videos]O [la nuit dernière.]A 0I (12//*/3&45/&'%3/)(&.$(4&*%6547 

60% of the answers to partial questions bearing on the object and 30% of the answers to broad 

questions show a deaccented post-focal adverbial A signaling NPA displacement. To discover 

the predictors of postfocal deaccentuation, we run a logistic regression analysis using the 

acoustic measures as predictors and the presence/absence of deaccentuation as the dependent 

variable. Deaccentuation was determined by the first author using auditory cues confirmed by 

visual inspection showing a flat F0 plateau in the lower part of the speaker pitch range. 

 

 
Figure 1. Waveform, spectrogram, f0 contour, syntactic structure of an answer with an accented A (higher panel) 

and of an answer with a deaccented A (lower panel). The syllables si bearing the initial rise and sf bearing the 

final pitch accent within the Object O have their beginning and end localized in the lower tier of each panel. 
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Mean duration, mean F0, F0 span (F0maximum-F0minimum) and mean intensity were 

measured for V, O. They were also measured for the first syllable of the content word of O !si 
: generally hosting the initial rise  ! and the last syllable of O ! sf : bearing the pitch accent. 

We reduced expected correlations among the predictors: 1) All measures were normalized by 

speaker; 2) Two clusters of correlated measures (first cluster: OF0mean and sfF0mean; 

second cluster: OF0span and sfF0span) were identified by computing the Spearman 

correlation index between all the possible pairs of normalized measures; 3) For each cluster, a 

Principal Component Analysis yielded two principal components (henceforth PCs), 

explaining the total variance of the normalized measures. 

A new dataset was built with the four principal components obtained and the predictors, 

which did not belong to either of the two clusters. The resulting model showed the following 

statistically reliable effects: a) siF0mean and siF0span increases when deaccented A is present 

(p<0.05 in both cases); b) The first PC of the cluster including OF0mean and sfF0mean values 

is smaller in utterances presenting deaccented A (p<0.01) ! Since OF0mean and sfF0mean are 

both positively correlated with the first PC, this means that these two variables decrease when 

deaccented A is present ! c) O Duration is smaller for utterances containing deaccented A 

(p<0.01). 

Thus, in answers showing a deaccented post-focal sequence, the focal constituent has (a) a 

higher and wider initial rise, (b) a smaller F0mean ! because the pitch on the final accented 

syllable is lower !, (c) a shorter duration. Moreover, (d) F0 mean is not lowered on the 

prefocal constituent V. 

Result (a) shows an intensification of initial rises on the focused Object when the postfocal 

constituent is deaccented: this could be explained by more occurrence"# $%&'()# *+,-.$/012#

realization of the initial rise. This suggests that information narrow focus favors the use of 

double marking: on the left and right edge of the focused phrase O. Compared with results 

obtained with contrastive focus in [3] and [4]: (a) and (b) confirm that pitch is higher in focal 

constituent O but show that the initial rise is responsible for it, not the final pitch accent; (d) 

shows that, contrary to contrastive focus, information focus sentences present no pre-focal 

pitch compression. To be confirmed, such differences should be tested through a systematic 

comparison in a dedicated experiment: this would be the matter of future work. 
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Every individual speaks differently, yet despite this inter-talker variability, we are usually 

able to understand the speech of many individuals relatively easily. While it is well 

understood that healthy individuals quickly adapt to talker variability, there is no consensus 

on how listeners are able to learn these talker-specific characteristics and deploy them while 

processing speech in real time. One class of theories posits a key role for episodic memory. 

These exemplar-based theories have been used to explain how newly-experienced stimuli, 

both non-linguistic [1] and linguistic [2], are compared and categorized with respect to 

previously-experienced stimuli. On an exemplar view of talker adaptation, each instance of 

speech is stored as a separate episodic memory trace, and when a new instance of speech is 

heard, it activates similar, previously heard traces. In this way, interpretation of a familiar 

!"#$%&'()(*%%+,)is facilitated.  

 

In order to test whether episodic memory is necessary to accommodate talker variability, 

amnesics who were previously identified as having severe declarative memory impairment 

completed a 2-talker speech perception task. Amnesics were four individuals (1 female) with 

bilateral hippocampal damage due to anoxia or HSE. To succeed at the task required 

participants to accommodate a novel accent in a talker-specific manner. If amnesic 

participants are successful, it would suggest a non-episodic mechanism is responsible for this 

type of learning. 

 

Participants were exposed to the speech of two talkers, one of whom had a novel regional 

accent in which the /æ/ vowel is raised to [e-], but only before /g/ (e.g., back- [bæk]; bag- 

[be-g]). The second talker did not have this accent. After exposure, eye gaze was monitored 

as participants viewed a computer display with four pictures, an unaccented .ack item (e.g., 

back), an .ag item with the same onset (e.g., bag), and two unrelated items, and heard one of 

the talkers name one of the pi+!/&%()01)!,%)+"&&0%&)*,&"(%)2Click on...34 

 

Three of the four amnesics performed much like healthy young adults [3, 4]: When the 

unaccented .ack word was target, shortly after word onset, amnesics fixated the target more 

when listening to the accented talker (for whom the .ack and .ag words were produced with 

different vowels) than the unaccented talker (for whom both words shared the same vowel). 

These results suggest that the participants considered how each talker would say the .ag word 

and used that information to guide speech perception. The participant who did not 

demonstrate talker-specific adaptation has extensive damage that extends beyond the 

hippocampus, and shows deficits in talker adaptation in other domains, including failures to 

match speech rate. 

 

5,%(%)6017018()(/88%(!)!,"!)"1)%*0(970+)"++9/1!):";)19!)<%)(/0!"<#%)69&)%=*#"01018)#0(!%1%&(')

ability to use talker-specific knowledge when interpreting speech on-line. Additionally, the 

failure of one patient to adapt to a novel accent tentatively suggests that some portion of the 

>5?)"*"&!)6&9:)!,%),0**9+":*/():";)*#";)")$%;)&9#%)01)&%*&%(%1!018)9!,%&(')(*%%+,)

characteristics. 
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Stereotypical gender information about the sex of characters in a sentence is immediately 

included into a mental model of the text (e.g., [1,2,3]). This topic has been largely 

investigated in psycholinguistics using behavioural techniques [1,3]. However, when and how 

this process is carried out in the brain has rarely been investigated using Event Related 

Potentials (ERPs) [4], which permit the investigation of covert responses with high temporal 

resolution. The present study consists of a replication and extension of Osterhout et al. 

(1997): we tested participants while they were reading reflexive pronouns in English that 

referred to previously introduced role nouns, embedded in short sentences. Two experimental 

factors were manipulated: pronouns could either agree with the gender information provided 

by their antecedents or not and the gender information was either conveyed by the role 

name’s semantics (see 1 and 2) or by its associated stereotypical representation (see 3 and 4). 

Research showed that the gender feature of typically male or female role nouns hinges on 

people’s world-knowledge [e.g., 5] and influences their processing [4]. Individuals’ beliefs 

about men and women might predict how this information is processed: more “sexist” 

participants could have more stereotyped representations and thus encode stereotypical 

information leading to larger mismatch effects. To test this novel hypothesis four additional 

measures assessing participants’ a) implicit associations between gender and career (IAT, 

[6]), b) self-perceived sex role (BSRI, [7]), and c) societal views on sexism (ASI [8] and MS 

[9]), were collected. Given that implicit and explicit measures assess different constructs [10] 

we selected a wide range of possible predictors of the amplitude of the ERP effects, 

hypothesizing that implicit measures (the IAT) would be better predictors for covert ERP 

effects than explicit questionnaires. 

Consistent with Osterhout and colleagues (1997), we found an interaction between noun type 

and agreement on the amplitude of the P600 component (500-700 ms). However, the P600 is 

larger for pronouns mismatching the gender of semantically defined nouns only, whereas 

processing stereotypical gender incongruent pronouns elicited a left anterior negativity (300-

700). The stereotypical mismatch effect on the P600 component, which was not significant in 

the ERP grand averages, correlated with the most explicit measure of sexism, the ASI 

[r(28)=0.49], whereas the LAN effect  in the stereotype condition was reduced in participants 

who described themselves as more typically female on the BSRI [r(28)=0.43].  The P600 has 

been associated with syntactic anomalies. Although this association is contested today [11] 

the P600 effect suggests that the incongruence between stereotypical gender information and 

the explicit gender feature provided by pronouns requires syntactic repair [12,13] only when 

participants show stronger sexist beliefs. 

This study once more highlights the impact of stereotypical assumptions on online sentence 

processing. Individual differences in gender-related beliefs modulate the consequences of 

processing incongruent information, making individuals more or less capable of recovering 

from sentence disruption. 
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Sentences Experiment 1 

(1) The mother talked to herself during the blackout. 

(2)* The mother talked to himself during the blackout. 

(3) The mechanic talked to himself during the blackout. 

(4) The mechanic talked to herself during the blackout. 
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Recent experimental work uses on-line measures to test competing theories about the 

interpretation of scalar expressions !"#$#% &'()"*+% &,-(*., specifically whether they are given 

upper-/(012"2% 31,"454",6,3(1'% !"#$#% &'()"% /0,% 1(,% 677*+% &"869,7:% ,-(*.% ,;4(0$;% a context-

sensitive pragmatic implicature computed on-line ([1]-[3]), or a context-insensitive <2"=607,>%

process ([4]-[5]). Studies using a variety of methods have found evidence for processing 

difficulty associated with upper-/(012"2%31,"454",6,3(1'%(=%&'()"* (e.g. [6]-[9]). In contrast, 

upper-/(012"2% !<"869,>.% 31,"454",6,3(1'%(=%10)"467'% 2(%1(, seem to elicit such a cost ([9]-

[10]), raising the possibility that different interpretive mechanisms are involved. However, 

before attributing processing difficulty to generating or cancelling implicatures, other factors 

that can affect on-line processing must be ruled out. For example, in [7] and [8], reading 

times at the quantifier were crucial to the interpretation of the results, but the preceding 

context differed systematically across conditions in ways unrelated to the intended 

comparison. In the current experiment, we set out to replicate the reported processing cost for 

implicatures, using very closely matched contexts. We also directly compared the processing 

(=%&'()"*%612%10)"467' in identical environments. The results show that in suitable contexts 

there is no cost associated with accessing appropriate interpretations (whether upper- or 

lower-bounded) for &'()"*% (4% 10)"467', suggesting that some previous results may reflect 

experimental materials rather than interpretive mechanisms. 

Participants* (n=24) eye movements were recorded as they read pairs of sentences. The first 

sentence established a contextual upper or lower bound (UB vs. LB). The second sentence 

contained ,;"%?061,3=3"4% &'()"*%(4% 6%10)"467%!"#$#% &,-(*), which could potentially trigger a 

scalar implicature. The context sentences for each condition differed by only one word: in the 

LB context they contained the same quantifier as the second sentence, while in the UB 

context they contained a stronger expression from the same scale (see Table 1). The regions 

of interest were the triggering quantifier and a subsequent region containing &the res,*. The 

interpretive processes of interest (generating or cancelling an implicature) should occur at the 

triggering quantifier. Processing at &,;"% 4"',*% indicates how participants interpreted the 

quantifier: it should be less difficult when the quantifier is given an upper-bounded 

interpretation, which invokes the contrast set.  

We used linear mixed-effects models to compare first fixation durations, first-pass times, 

probability of regression, and right-bound reading times in each region across conditions. 

There were no significant differences between conditions in any measures at the triggering 

?061,3=3"4% (4% 3,'% '5377(@"4% 4"$3(1#% A,% &,;"% 4"',*+% BC% 9(1,"8,'% "7393,"2% 6% '3$13=3961,7:% $4"6,"4%

probability of regression and longer right-bound reading times than UB contexts for both 

&'()"*%612%10)"467'+%312396,31$%,;6,%564,393561,'%232%6443@"%6,%6%7(-"4-bounded interpretation 

in the LB contexts. Thus, although the different contexts gave rise to different interpretations, 

there was no difference in the difficulty of computing these interpretations.  

These findings are consistent with several interpretations. One possibility is that participants 

do compute an implicature when they read the triggering quantifier, but this process is cost-

free, or at least not measurable via eye-movements. A second possibility is that participants 

do not compute a specific interpretation of the quantifier until it becomes necessary at the 

phrase &the rest*, and at that point the lower-bounded interpretation is more costly. In either 
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case, the processes involved in interpreting !some" and numerals do not seem to differ, so 

there is no need to posit separate mechanisms for each.  

 

Table 1: Sample item. Regions for analysis are indicated with vertical lines. Critical regions are in 

bold.  

Context Quantifier Example 
Upper bound some Ethan needed to pass| all his exams| in the last week of school in 

order to graduate.| Without much effort,| he| passed| some| in 

math and chemistry,| but the rest| were far too difficult.| 

Lower bound some Ethan needed to pass| some exams| in the last week of school in 

order to graduate.| Without much effort,| he| did| pass| some| in 

math and chemistry,| but the rest| were far too difficult.| 

Upper bound numeral Ethan needed to pass| five exams| in the last week of school in 

order to graduate.| Without much effort,| he| passed| two| in math 

and chemistry,| but the rest| were far too difficult.| 

Lower bound numeral Ethan needed to pass| two exams| in the last week of school in 

order to graduate.| Without much effort,| he| did| pass| two| in 

math and chemistry,| but the rest| were far too difficult.| 

 

 

References 

[1] Sperber & Wilson (1986). Relevance: Communication and cognition. Cambridge: Harvard University Press. 

[2] Geurts (2009). Scalar implicature and local pragmatics. Mind & Language 24, 51-79.  

[3] Noveck & Sperber (2007). The why and how of experimental pragmatics: the case of !scalar inferences". In 

Burton-Roberts (Ed.), Pragmatics. Basingstoke, UK: Palgrave Macmillan. 

[4] Levinson (2000). Presumptive Meanings: The theory of generalized conversational implicature. Cambridge, 

MA: MIT Press. 

[5] Chierchia (2004). Scalar implicatures, polarity phenomena, and the syntax/pragmatics interface. In Belletti 

(Ed.), Structures and beyond. Oxford: Oxford University Press.  

[6] Bott & Noveck (2004). Some utterances are underinformative: the onset and time course of scalar 

inferences. Journal of Memory and Language 51, 437-457.  

[7] Breheny, Katsos & Williams (2006). Are generalized scalar implicatures generated by default? An on-line 

investigation into the role of context in generating pragmatic inferences. Cognition 100, 434-463.  

[8] Katsos, Breheny & Williams (2005). Interaction of  structural and contextual constraints during the on-line 

generation of scalar inferences. Proceedings of GLOW 28. 

[9] Huang & Snedeker (2009). Online interpretation of scalar quantifiers: Insight into the semantics-pragmatics 

interface. Cognitive Psychology 58, 376-415.  

[10] Bezuidenhout & Cutting (2002). Literal meaning, minimal propositions, and pragmatic processing. Journal 
of Pragmatics 34, 433-456. 

AMLaP2011-PosterSession1
50



The Time Course of Quantifier-Quantifier-Interaction 
Oliver Bott

1
 and Fabian Schlotterbeck

1 

1
University of Tübingen, SFB 833 

contact: {oliver.bott/fabian.schlotterbeck}@!"#$%!&'#"(&")*&!

 

Assuming immediate scope assignment (ISA), in a doubly quantified sentence scope should 

be computed at the earliest possible point.  This should be observable when inverse scope is 

necessary, as it is presumably harder to compute than linear scope. Inverse scope can be 

enforced if the linearly first quantifier contains a variable that has to be bound by the second 

quantifier (Q2). Taken ISA for granted, it is possible that quantifiers can be directly 

interrelated, or that verb information is necessary for scope interpretation [cf. 1]. This was 

tested in German, where main verbs occur either in second position (before Q2; (1a-d)) or 

sentence-finally (2a-d). 

Predictions: Assuming either variant of ISA, we expected higher processing load when 

integrating Q2 in (1a) where inverse scope is needed than in (1b) which allows for the easier 

linear interpretation [cf. 2,3]. (1c/d) were controls with Q2 replaced by a definite description 

expected to show no effect of the possessive pronoun. The verb-independent ISA predicts the 

same effects at Q2 in (2a-d) leading to a pronoun*DP-type-interaction. If, however, scope 

assignment requires complete verb-argument structures, the inversion effect in (2a) vs. (2b-d) 

should only emerge sentence-finally. 

Eyetracking Experiment: 48 participants read 40 items in a latin square design (+90 fillers) 

while their eye-movements were monitored. Q2: a 51ms slowdown in (1a) vs. (1b)   (31ms in 

(2a) vs. (2b)) led to a significant pronoun*DP-type-interaction (F1(1,47)=6.0;F2(1,39)=9.3) 

but no three-way interaction (F1/2<1). The pattern was identical in regression-path durations 

(pronoun*DP-type:F1(1,47)=4.0;F2(1,39)=4.0) but first-pass regression ratios didn’t differ. At 

the following region, conditions didn’t differ in any measure. Last region: there was a 

slowdown in regression-path durations of 571ms in (1a) vs. (1b) (320ms in (2a) vs. (2b)) 

which led to a significant pronoun*DP-type-interaction (F1(1,47)=23.1;F2(1,39)=9.837). The 

bound variable conditions led to an across-the-board increase in first-pass regression ratios 

(F1(1,47)=4.1;F2(1,39)=3.7; marginal by items). 

Paraphrase Selection: To (i) check whether the possessive in (1a/2a) enforces a bound 

interpretation and (ii) this interpretation is considered even if a referent (eg. Fritz) is 

explicitly provided, 48 participants chose paraphrases for conditions (1a/b), (2a/b), (3a/b) and 

(4a/b).  Log-linear models revealed no effects of order so we pooled the data. In (1b/2b) 

linear was preferred over inverse scope (47.6% vs. 38.2%) whereas in (1a/2a) inverse, bound 

readings were preferred over the two coreferential interpretations (62.2% vs. 18.0% in total) 

– a significant shift in readings (LRCS1(3)=364.3;LRCS2(3)=332.9). In (3a/4a) the bound 

reading was chosen 32.0% of the time whereas the structurally identical dummy paraphrase 

of (3b/4b) was selected 12.9%; this difference was also significant 

(LRCS1(1)=50.0;LRCS2(1)=54.2). Even if a referent was mentioned the bound interpretation 

was possible. 

Conclusions:  We found early effects at Q2 not carrying over to the following region, as 

predicted by the verb-independent ISA. This is, however, only part of the story. Regressive 

eye-movements originated mainly from the last region. We therefore conclude that the early 

effects reflect a failed search for a binder, but computation of inverse scope was delayed until 

the last region. Only then readers established binding under inverse scope. 
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Sample Materials: 
!

(1a) Jeden  seiner Schüler Q1|  lobte |  genau ein Lehrer Q2|  voller  |  Wohlwollen.| 

 (3a) sagte Fritz. 

 [Each of-his pupils]acc praised [exactly one teacher]nom full-of  goodwill. 

 (3a) said Fritz 

 (paraphrases: bound vs. [coref. linear] vs. [coref. inverse] vs. “none fits”, cf (1a)=>(5)/(3a)=>(6)) 

(1b) Jeden  dieser Schüler Q1|  lobte |  genau ein Lehrer Q2|  … 

 [Each of-these pupils]acc praised [exactly one teacher]nom … 

 (paraphrases: dummy vs. linear vs. inverse vs. “none fits”, cf (7)) 

(1c) Jeden  seiner Schüler Q1|  lobte |  der neue Lehrer Q2|  … 

 [Each of-his pupils]acc praised [the new teacher]nom … 

(1d) Jeden  dieser Schüler Q1| lobte |  der neue Lehrer Q2|  … 

 [Each of-these pupils]acc praised [the new teacher]nom … 

(2a) Jeden  seiner Schüler Q1|  hat |  genau ein Lehrer Q2|  voller |  Wohlwollen |  gelobt. |   

 (4a) sagte Fritz 

 [Each of-his pupils]acc has [exactly one teacher]nom  full-of |  goodwill |  praised.  

 (4a) said Fritz 

 (paraphrases: bound vs. [coref. linear] vs. [coref. inverse] vs. “none fits”, cf (2a)=>(5)/(4a)=>(6)) 

 (2b) Jeden  dieser Schüler Q1|  hat|  genau ein Lehrer Q2|  … 

 [Each of-these pupils]acc  has  [exactly one teacher]nom  … 

 (paraphrases: dummy vs. linear vs. inverse vs. “none fits”, cf (7)) 

(2c) Jeden seiner Schüler Q1|  hat|  der neue Lehrer Q2|   … 

 [Each of-his pupils]acc has [the new teacher]nom  … 

(2d) Jeden  dieser Schüler Q1| hat|  der neue Lehrer Q2|   … 

 [Each of-these pupils]acc has  [the new teacher]nom  … 

 

(3b) like (3a), but with genau eine Lehrerin (exactly one fem. teacher) instead of genau ein Lehrermasc 

 (paraphrases: dummy vs. coreferential linear vs. coreferential inverse vs. “none fits”, cf (6)) 

 (4b) like (4a), but with genau eine Lehrerin (exactly one fem. teacher) instead of genau ein Lehrermasc 

 (paraphrases: dummy vs. coreferential linear vs. coreferential inverse vs. “none fits”, cf (6)) 

 

(5) bound)   exactly one teacher praised each of his own pupils 

 coref. linear)  there is a certain teacher, say Mr. Hempel, and each of Hempel’s pupils was  

   praised by exactly one teacher 

 coref inverse) there is a certain teacher, say Mr. Hempel, and exactly one other teacher   

   praised each of Hempel’s pupil’s 

(6) bound/dummy) Fritz said that exactly one teacher praised each of his own pupils 

 coref. linear) Fritz said that each of Fritz’s pupils was praised by exactly one teacher 

 coref. inverse) Fritz said that exactly one teacher praised each of Fritz’s pupils 

(7) dummy)  each of these teachers is such that he praised exactly one pupil 

 linear)  each of these pupils is such that he was praised by exactly one teacher 

 inverse) exactly one teacher is such that he praised each of these pupils 
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1State University of New York at Buffalo 
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While Homonyms have two semantically unrelated senses (e.g. bank!financial institution; side 

of river) polysemes have two semantically related senses (e.g. cold!illness; temperature). 

Research on homonyms has focused on lexical access and has revealed that homonym retrieval is 

affected by both the relative frequency of their meanings and preceding context (Duffy et al. 

1988; Tabossi & Zardon 1993). In the absence of context, the more frequent, dominant 

interpretation is retrieved, while biasing context toward the less frequent meaning leads to 

competition among meanings thereby delaying lexical access. In contrast, research on polysemes 

has focused primarily on whether both senses are stored separately (Klein & Murphy 2001) or in 

a single lexical entry (Beretta et al. 2005; Pylkkänen et al. 2006).  

We examined the lexical retrieval of polysemes. We hypothesized (1) that in the absence of 

biasing context, only shared features of a polyseme!s meanings will initially be activated and (2) 

that sense retrieval should be faster when switching between related, as opposed to unrelated 

senses, because it only involves switching a subset of semantic features (the unshared features). 

Experimental trials consisted of a context word, an ambiguous homonym or polyseme prime 

word, and a target word. The dominant and subordinate readings of each prime word were 

instantiated and counterbalanced across context and target words. Target words preceded by a 

non-word served as baseline controls. Participants made a lexical decision to context, prime and 

target words.  

    context word  ambiguous prime target word 

homonymy 

    dominant target  FARM   PEN   TEST 

    subordinate target  TEST   PEN   FARM 

polysemy 

    dominant target  COLOR   SHADE   SUMMER 

    subordinate target  SUMMER  SHADE   COLOR 

Two important results emerged. First, in the absence of context, dominant targets were accessed 

faster than baseline targets, but only for homonyms. Thus, dominance effects are apparently 

restricted to homonyms. Second, switching from subordinate to dominant senses facilitated 

target retrieval equally strongly for homonyms and polysemes. However, switching from 

dominant to subordinate senses only boosted target retrieval for polysemes.  
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The first result suggests that the semantic relatedness of polysemes prevents the processor from 

fully committing to one sense when no context is available. The second result suggests that the 

availability of shared semantic features eases access of the less frequent sense when the 

competing sense has already been retrieved. Results from the context condition further indicate 

that an inconsistent context word can facilitate access of a competing target word.  

We interpret our results within a featural representation of meaning (McRae et al. 1997) and a 

model of lexical retrieval in which both senses of an ambiguous word benefit from cascading 

!"#$%!#$&'( )*#+**'( #,*(+&-./0 orthographic and lexical representation (Hino & Lupker 1996). 

This explains why inconsistent contexts can facilitate lexical access of competitors. In this 

model, intralexical competition additionally guides meaning/sense selection and is greater for 

interpretations that do not share any meaning features than for words that do. Sharing meaning 

features helps quickly overcome competition. Finally, dominance is a predictor of both cascading 

activation strength and competition strength, as the more frequent reading builds up activation 

more quickly than the less frequent reading and more readily suppresses its competitor than vice 

versa. 
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The processing of the Dutch universal quantifier alle 
Ruggero Montalto, Angeliek van Hout and Ben Maassen 

University of Groningen 
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How does a hearer assess the truth of the Dutch quantifier alle (‘all’)? In a reaction time 
experiment, participants judged universally quantified sentences such as (1). 
 

(1) Alle boeren voeren een hond. (‘All farmers are feeding a dog’) 
 
(1) is true if the farmers (set A) are a subset of the set of dog-feeders (set B). The semantic 
law of Conservativity (Barwise and Cooper, 1981) restricts the logically relevant sets to A 
and the A!B intersection; any other individuals in B who are not in A!B are irrelevant to 
verify the truth of (1). 

Strong quantifiers are conservative; their verification is insensitive to set size. Weak 
quantifiers (e.g., veel ‘many’) are not conservative; they are sensitive to set size. Alle is a 
strong quantifier; verification should ignore any extra objects and spotting just one member 
of A out of the A!B intersection should suffice to judge (1) as false.  

Perceiving set sizes in a visual context recruits Core Number cognition, a perceptual-
cognitive module of mental representations of quantities. Core Number cognition produces 
time and accuracy signatures defined by magnitude and ratio (Carey, 2009; Dehaene, 1997): 
a large cardinality difference between two sets, improves the perception of the difference. 

If verification of (1) follows an interpretation process characterized purely by 
Conservativity, we predict no Core Number signatures, since set size should not matter. 
However, if alle is verified as a weak quantifier (as proposed by Drozd, 2001), processing 
may be sensitive to the set sizes of agents and objects: we would then expect Core Number 
signatures for the verification of weak quantifiers, in particular, different reaction times for 
contexts with various cardinality differences between agents and objects. 

32 adults evaluated a series of pre-recorded sentences that described pictures that appeared 
on the screen. There were three visual contexts: Extra-Object, Extra-Agent and Symmetric 
(Fig.1); the latter served as a control condition for the visual effect that numerosity naturally 
has on RT (Dehaene, 1997). 
 

a) b)  c)  
Figure 1 – Types of Context: a) Symmetric; b) Extra-Object; c) Extra-Agent. 

For each context we varied numerosity (four levels) and disposition (neatly or not neatly 
disposed), Fig.2. In the he Extra-Object and the Extra-Agent contexts we furthermore varied 
the agent-to-object ratio (“ok” (1:2 or 2:1) and “not ok” (2:3 or 3:2)), Fig.3. All stimuli were 
transitive, (2). RT and accuracy were recorded.  
 

(2) [NP Alle N]   V   NP 
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a)  b)  
Figure 2 – Disposition: a) neat; b) not neat. 

a)  b) 
Figure 3 – Ratio: a) ok; b) not ok. 

 
We expected the verification process of alle to follow Conservativity: all extra objects should 
be ignored, and spotting just one extra agent should suffice to assess alle as false. 

To counterbalance the RT effect of visual numerosity, we subtracted from the RT of each 
Extra-Object and Extra-Agent condition the average RT of the corresponding condition in the 
Symmetric context, for every subject tested. For the correct responses we see that Ratio “ok” 
in interaction with a neat disposition significantly reduces RT for both the Extra-Object 
(F(1,31)=9; p=.01) and the Extra-Agent contexts (F(1,31)=7.86; p=.008), Fig.4. 

 
Figure 4 – RT differences, in a neatly disposed display, between the Ratio “ok” (blue 

lines) and the Ratio “not ok” (red lines) across the four levels of numerosity in both the 
Extra-Object and Extra-Agent Context conditions. 

 
In a neat disposition a larger cardinality difference between agents and objects (“ok” ratio) 
leads to faster processing. In the verification of alle (in neat contexts), irrelevant extra objects 
are apparently taken in account, as well as the whole set of extra agents (even when just one 
would suffice to falsify alle). The presence of Core Number cognition signatures shows that 
the sizes of logically irrelevant sets contribute to processing. We conclude that the 
interpretation of alle ‘all’ does not follow a verification procedure purely based on 
Conservativity. Rather strong quantifier alle ‘all’ seems to be processed with a weak 
quantification strategy.  
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Centering theory (Grosz et al., 1983) establishes a structural relationship between the 

form of referential expressions and attentional focus. It predicts specifically that highly 

focused entities tend to be realized with less marked forms (e.g. pronouns) and that factors 

such as grammatical status or surface position affect prominence. The experiments reported 

here aimed to test a claim put forward in linguistic studies on French evidential adverbials 

(Schrepfer-André, 2005) concerning the functioning of the preposed position as a potential 

frame influencing the following pronominal resolutions: a preposed Prepositional Phrase (PP), 

but not an inserted PP, is considered to frame an informational bloc in which antecedents are 

easily accessed compared to antecedents located outside the bloc. 

 

 In the first experiment, the texts used began with a sentence (P1) including an 

evidential PP in selon X (according to X) where X was a Noun Phrase (NP) referring to a 

speaker’s proper name (here Rsp). The subject NP of the sentence was also introduced by a 

proper name (here Rsj). The PPs were either preposed as in (1)/(3) or inserted after the verb as 

in (2)/(4). The subsequent target utterance (P2) started with a subject pronoun whose gender 

selected either Rsj or Rsp, thus allowing the prominence of the two referents to be compared. 

The predictions were that preposed PPs would entail quick “Inside Frame” reading for targets 

starting with Rsj’s gender pronoun, and slow “Outside Frame” reading for targets starting 

with Rsp’s gender pronoun. Inserted PPs were hypothesised to be control conditions because 

Rsj was in that case much more available than Rsp. The results showed that the reading time 

of targets was shorter when the pronoun referred to Rsj than to Rsp (main effect) and that with 

preposed PPs, Rsp is as prominent as Rsj, which is not the case with inserted PPs (interaction 

of the two factors). 

 
1) Selon Francine, Vincent a trouvé un stage dans une agence de publicité. Il/Elle apprécie que 

les cursus étudiants incluent une expérience professionnelle… 

 

2) Vincent a trouvé, selon Francine, un stage dans une agence de publicité. Il/Elle apprécie que 

les cursus étudiants incluent une expérience professionnelle… 

 

3) According to Francine, Vincent found an advertising agency internship. He/She appreciates 

the fact that the curriculum includes work experience… 

 

4) Vincent found, according to Francine, an advertising agency internship. He/She appreciates 

the fact that the curriculum includes work experience… 

 

The second experiment tested the possibility that these results were due to the first 

mention effect reported by Gernsbacher et al. (1989). A third factor, protagonist prominence, 

was manipulated: the texts used in the first experiment were preceded by two additional 

sentences (P-2) and (P-1) as in (5)/(6) where (P-2) focused on one of the previous protagonists 

and (P-1) was a contextually coherent filler. The results show the same main effect and a 

similar interaction as before. 

 
5) Vincent/Francine prépare un master de gestion à Paris-Dauphine. Les programmes 

comprennent des enseignements théoriques et des mises en situation… 
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6) Vincent/Francine is taking a Master in Management at Paris-Dauphine. The syllabus includes 

theoretical knowledge and applied skills… 

 

The third experiment tested the possibility that these results were due to opinion verbs 

such as “appreciate, find, think, hope…”, which were systematically used in target sentences. 

The opinion verbs were replaced by verbs denoting a congruent action accomplished by Rsp 

or Rsj as in (7)/(8). The results show that the reading time of targets was no longer affected by 

the PP’s position: instead of the interaction between PP’s position and the target pronoun, 

there was an interaction between the focused character and the target pronoun. 

 
7) Vincent/Francine prépare un master de gestion à Paris-Dauphine. Les programmes 

comprennent des enseignements théoriques et des mises en situation. /Selon Francine,/ 

Vincent a trouvé /, selon Francine,/ un stage dans une agence de publicité. Il/Elle a mis à 

contribution proches et relations du secteur en début d'année… 

 

8) Vincent/Francine is taking a Master in Management at Paris-Dauphine. The syllabus includes 

theoretical knowledge and applied skills. /According to Francine,/ Vincent found /, according 

to Francine,/ an advertising agency internship. He/She asked some friends and colleagues for 

help early this year… 

 

The results of the first expt. are similar to those reported by Gordon et al. (1993) with 

the Repeated Name Penalty Paradigm which they interpreted as suggesting that “initial and 

non subject” or “non-initial and subject” entities are equally prominent. The second expt., 

however, shows that the preceding results are too robust to be attributed only to surface order. 

The third expt. suggests that the semantic affinity between the evidential PPs and the VP of 

subsequent utterances could enhance the preposed PP’s effect: opinion VPs seem to be primed 

by preposed evidential PPs, inducing a possible narrative transformation from an objective 

story about the subject referent to a story about the speaker’s inner thoughts. Altogether, these 

results tend to show that preposed PPs fulfil a specific framing function (Charolles, 1987) in 

certain conditions, which further studies will develop. 
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Patson and Warren (2010) used a new paradigm to provide evidence that NPs inside 

explicitly distributed predicates (e.g., Each of the men carried a box) are conceptually 

represented as plural. The current studies used their paradigm to further probe the conditions 

under which comprehenders build mental representations that focus the plurality of 

distributed events. 

 

Patson and Warren’s participants read sentences presented in one- and two-word chunks.  At 

the critical word, participants judged the number of words on the screen. This judgment is 

susceptible to interference from the numerosity of the words’ referents; comprehenders are 

slower to judge that there is a single word on the screen if it is plural than if it is singular 

(Berent et al., 2005). In the critical conditions, the judgment was made to a single word that 

was the object in either a distributed or a collective (e.g., Together the men carried a box) 

predicate. Participants were slower to answer “one” for nouns in distributed predicates 

compared to collective predicates, indicating that they represented distributed predicates as 

plural events involving different object referents. 

 

Given that explicit distributivity causes comprehenders to represent and focus multiple 

events, Experiment 1 tested whether inherent distributivity does the same.  In Experiment 1 

(N=48), the critical word was an inherently-distributed intransitive verb (e.g., beeped, which 

must apply directly to an individual).  The subjects of the sentence were either plural definite 

descriptions (PDD; as in 1) or singular descriptions (as in 2).  Results indicated no difference 

in number judgment times on the critical word. Although distributed events are comprised of 

multiple intransitive events, these findings suggest that comprehenders’ mental 

representations did not focus the events’ plurality, and instead highlighted the larger 

distributed event.  Specifically, under this account, comprehenders may be representing a 

busy control room with lots of noise for (1), rather than each individual machine beeping.  

Experiment 2 tested whether individuating the agents for inherently distributed predicates 

would make comprehenders more likely to individuate the events and thus focus their 

plurality.  

 

In Experiment 2 (N=48), sentences with PDDs were compared to those with conjoined NPs, 

as in (3). Given that conjoined NPs introduce pointers to each individual (e.g. Patson & 

Ferreira, 2009), perhaps applying the predicate directly to each individual will cause 

comprehenders to focus the multiple events. Indeed, participants were significantly slower to 

judge the verb a single word when the subject was conjoined than when it was a PDD. It is 

unlikely that this effect was driven by processing differences on the verb: Experiment 3, a 

self-paced reading experiment (N=48) with the items from Experiment 2, showed no reading 

time differences on the verb. 

 

The results of Experiment 2, along with the results from Patson and Warren, suggest that 

strong cues to distributivity (e.g., distributive quantifiers, multiple predicate application) 

drive comprehenders to build mental representations that focus the multiple individual events 

comprising distributed events.  In the absence of such cues (as in Experiment 1), the 

representation instead focuses the larger distributed event. 
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1.  The machines in the lab quietly beeped at the technician. 

2.  The machine in the lab quietly beeped at the technician. 

3.  The machine and the computer quietly beeped at the technician. 
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Compounding is a productive way of creating new words in many languages, including English 

and Dutch. For instance, two or more existing nouns can be combined to form a single novel 

noun, e.g. a slipper with a bandit on it could be called bandit slipper.  

 In English, only few compounds occur with a regular plural as modifier of the compound, 

e.g. *rats eater is not acceptable while mice eater is acceptable (e.g. Berent & Pinker 2008). In 

contrast, modifiers in Dutch compounds more freely take a linking element that is homographic 

with the regular plural form. For example, boek ('book') takes the plural form boeken, and this 

form is used in many compounds with boek as modifier (e.g. boekenkast 'book case', 

boekenlegger ‘bookmark(er)’, boekensteun ‘bookend’, etc.). Although there is form similarity in 

the plural ending and the linking element, it does not necessarily mean that these elements are 

one and the same element. 

 In addition, there is variation in Dutch compounds. Some compounds may exhibit two 

forms, one with linking en and the other without (both viskom 'fish bowl' and vissenkom 'fish + 

en + bowl' are acceptable names in Dutch for the same concept). English compounds seem to be 

less variable, though form variation (drug problem, drugs problem) has been reported in the 

literature.   

Could modifiers ending in s in English or ending in en in Dutch be plural forms? If so, 

the Level-ordering Hypothesis (Kiparsky 1982) and the Words-and-Rules theory (Pinker 1999) 

need to be adjusted, since they exclude the use of regular inflection within words. Interestingly, 

according to current handbooks on morphology, a crucial characteristic of linking elements is 

that they are considered as meaningless (e.g. Bauer 2003 and Booij 2007), although not all 

researchers agree (e.g. Schreuder et al. 1998). 

 The present study investigates the influence of meaning (conceptual plurality) on form 

choices in Dutch and English. In a picture-naming experiment, native speakers of both languages 

were asked to provide the name of an object. The pictures contained one item to indicate the 

modifier of a potential novel compound or more than one item (see figure below for one of  the 

picture sets, each participant saw only one version of the pictures; e.g. the slipper with one bandit  

or the slipper with more bandits; the participants did not seem to be explicitly aware of the fact 

that some pictures contained more items and other pictures only one).  

 We found that more than one bandit on a slipper leads to a higher preference to use the 

linking element en in Dutch, i.e. bandietenpantoffel ('bandit' + en + 'slipper') (in line with Neijt, 

Krebbers and Fikkert 2002). Interestingly, we found a similar effect in English, even when the 

pictures contained objects with names that take the regular plural form, e.g. bandits slipper. 

Thus, speakers of English did create compounds with a regular plural as modifier, for example 

words picture and hands balloon. This demonstrates the relation between conceptual plurality 

and form variation within compounds to be present in English as well. It is the first time that the 

relation between plurality and linking elements has been demonstrated for English.  

 Dutch and English compound word formation thus provide evidence that the Level-

ordering hypothesis and the Words-and-Rules theory need to be adjusted, because the plural 
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ending can be used as linking element in Dutch and English compounds. The assumption that 

linking elements are by definition meaningless, may well be wrong. The Dutch linking element 

en is not meaningless, but is used to express plurality. In addition, the English plural ending s can 

be used as linking element to express plural semantics as well. Our study shows that form 

variation in modifiers of compounds is influenced by plurality. 

 

Figure: Example of picture set 
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bandit + slipper louse + slipper lice + slipper bandits + slipper 
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When understanding language, people build and integrate multimodal simulations, which 

represent traces of their experience with sensations, perceptions, and patterns of action 

(Barsalou, Santos, Simmons, & Wilson, 2008). Here we aimed to determine the effect of 

integrating verb-induced simulations (evoked by lexical aspect) with context-induced 

simulations (evoked by disjunction vs. conjunction sentences), as reflected in visual sampling 

patterns. As shown in Rosen and Rosenkoetter (1976), two objects are sampled 

!"#$%&'#(&)**+,-#.%.-%+%'-/(-0)12-)&"-3(456-0%57%%&-them in choice contexts and !6(*#'5#1)**+,-

i.e. eyes investigate each object once in no-choice contexts. Given that atelic verbs simulate 

greater event accessibility e.g., are processed slower than telic verbs (cf. Coll-Florit & 

Gennari, 2011), we predicted that atelic verbs would generate more dimensional sampling in 

disjunction (choice) contexts than in conjunction (no-choice) contexts and that telic verbs 

would neutralize this processing difference. 

 

We tested these predictions within the !8#'9)*-7(4*",-:)4)"#/$-(Cooper, 1974; Tanenhaus, 

Spivey-Knowlton, Eberhard, and Sedivy, 1995). We recorded :)45#1#:)&5',-%+%-$(8%$%&5'-

and response latency as they matched pairs of objects to spoken sentences featuring disjoined 

and conjoined object names. As a spoken word refers to an object in a visual display, 

attention is rapidly and automatically allocated toward that object, thereby activating 

associated conceptual representations (Altmann, in press). In Experiment 1, the sentence verb 

was atelic (e.g., Nancy examined an ant or/and a cloud). In Experiment 2, the sentence verb 

was telic (e.g., Michael found a zebra or/and a padlock). In each experiment, we employed a 

2 (Context: Disjunction vs. Conjunction) x 2 (Sampling: Dimensional vs. Holistic) factorial 

design and two dependent variables: Average number of saccades and saccadic latency. 

 

We found that visual sampling depends on both context and verb type. As expected, atelic 

verbs led to more dimensional sampling in disjunction vs. conjunction trials. Interestingly, 

however, instead of neutralizing contextual differences, telic verbs generated more holistic 

sampling in disjunction trials. Saccades were launched earlier following telic vs. atelic verbs, 

but in choice trials this processing advantage was subsequently reversed. We interpret the 

results to reflect a simulation-integration effort in choice contexts, thus shedding further light 

on the decision-making process. 
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That similar words can prime one another is not news. However, recently this 

phenomenon has been exploited to make inferences about the structure of conceptual 

representations. What types of similarity matter? While there is evidence that similarity in 

function (Schreuder et al., 1986), shape (Pecher et al., 1998), and even manipulation (Myung 

et al, 2006) figure in the organization of semantic memory, evidence of color similarity is 

sparse (Taylor & Heindel, 2004, but cf. Huettig & Altmann, 2010).  

Why is color different? Color may be less essential to object knowledge than other 

features (Biederman, 1987), and may therefore constitute only a small portion of an object’s 

representation. Hence, although more essential features (e.g., function) tend to become active 

even when contextually irrelevant, color may be more sensitive to context. Color may 

therefore be a good case for exploring the extent to which similarity in conceptual 

representations can be dynamically affected by context. 

We used semantic priming to assess whether reading an object's name activates the 

conceptual representations of similarly colored objects, and if so, whether the amount of 

activation is context-dependent. We also explored individual differences in this conceptual 

activation. We manipulated context by having participants complete a standard color Stroop 

task before (Exp1) or after (Exp2) the priming task. This allowed us to test whether the 

experience of having recently focused attention on color (in the Stroop task) influences 

color’s activation. 

In Experiment 1, after completing the Stroop task, participants completed a priming task 

in which they made semantic judgments (animal/not animal?) on written target words (e.g., 

cucumber). Prime words were either color-related (e.g., emerald), or unrelated (e.g., 

pendant), and were carefully matched (e.g., for frequency, length and LSA semantic 

similarity). All words were presented in black type. Responses were faster (p=.01) and more 

accurate (p=.01) with color-related primes (Figure 1). Further, across participants, Stroop 

interference correlated positively with color-priming (Figure 2).  

Thus, when attention has first been drawn to color, reading the name of an object primes 

other objects that share the same diagnostic color—an effect that has not been previously 

reported. Importantly, priming occurred despite that color was irrelevant to the immediate 

task (animal judgment on words). In Experiment 2, the priming task was performed before 

the Stroop task. For this ordering of tasks—wherein attention was not previously drawn to 

color—no color priming or correlation was observed.  

The positive correlation between Stroop interference and color priming (Exp1) may 

reflect individual variability in a general capacity to selectively attend, or variability in 

attention to color specifically. In either case though, context must moderate these individual 

differences—for when the Stroop task was performed after the priming task (Exp2), no 

correlation (and no priming) occurred.  

These findings indicate that rather than having a fixed activation profile, conceptual 

representations can be dynamically affected by context, and critically, this context does not 

have to be immediate—it can also include “lingering” traces of recent experience: Colorless 

green ideas can prime—in the right context, for the right people.  
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!

Figure 1: Response times (correct only) in animal judgment task when performed after Stroop task 

(Exp 1, left panel), and when performed before Stroop task (Exp 2, right panel). 

 

 

!
 

Figure 2: Correlation between percent congruency effect and percent priming effect when animal 

judgment task performed after Stroop (Exp 1, left panel), and when animal judgment task performed 

before Stroop (Exp 2, right panel). 
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Sentences can contain sequences of words that – in isolation – have an interpretation that 

deviates from the interpretation of the global sentence context they are embedded in. These 

so-called local syntactic coherent sequences have been shown to influence both reading-times 

(Tabor, Galantucci & Richardson, 2004) as well as fixation patterns in visual-world 

experiments (Konieczny, Müller, Hachmann, Schwarzkopf & Wolfer, 2009). In virtually all 

explanation attempts, statistical properties of the linguistic input are seen as the driving force. 

We provide further evidence for this claim by a) analyzing the influence of unigram-statistics 

on visual-world data and b) provide a connectionist (SRN) model that can account for the 

data. We show that the likelihood of the embedded sequence to occur in the local 

interpretation (in our case main verb instead of participle) determines the grade of distraction 

from the globally correct parse. 

 

In a visual world experiment, Konieczny et al. (2009) showed that in sentences like ‘Hans, 

dem die Astronautin überrascht den Außerirdischen vom Mars zeigte, …’, (Hans, whom the 

astronaut surprisedly (ambiguous: surprises) the alien from mars shows, …) participants’ 

fixations are drawn to scenes depicting the (globally incorrect) meaning of the embedded 

sequence ‘die Astronautin überrascht den Außerirdischen’ (the astronaut surprises the alien). 

To investigate the influence of statistical properties, we calculated the finite-verb-bias for 

each ambiguous element contained in the stimuli. This finite-verb bias was captured by the 

tendency of each ambiguous element to occur as a finite verb (the locally coherent reading) 

compared to the overall frequency of the element. Linear mixed-effect models show a 

significant influence of finite-verb bias (t > 3): participants are more likely to fixate the local 

scene the higher the finite-verb bias of the ambiguous element is.  

 

We trained 10 Simple recurrent networks for 120 epochs of 20000 sentences generated by a 

simplified PCFG of German, allowing different types of simple and complex sentences 

(including the structures from the visual-world experiment), and containing ambiguous 

elements with graded finite-verb bias. The networks learn to activate the correct elements 

highest at all sentence positions and thus perform even better than 7-grams in long distance 

number agreement. To prove the influence of finite-verb bias, we tested dative relative 

clauses resembling the ones used in the visual-world experiment, where global (a) and local 

(b) predictions diverge maximally at the position of the verb of the relative clause (see 

Example (1)). A linear mixed effects model with example number and network as random 

factors and number of epoch as additional factor reveals that finite-verb bias is a significant 

predictor of (globally incorrect) activation (t > 8) of an end of sentence over the entire range 

of epochs: false-alarm activation is higher when the ambiguous element occurs more often as 

finite verb. 

Most attempts to explain local coherences view them as a source of complexity, but do not 

provide a plausible account for the fact that local coherent sequences can direct attention in 

visual scenes. In contrast, we propose a model in the framework of dynamical systems. 

Several proposals (e.g. Weldle, Konieczny, Müller, Wolfer, & Baumann, 2009; Kukona & 

Tabor, 2011) have been made to incorporate attentional mechanisms into these models. This 

allows for the modeling of dynamical attentional processes, which could capture more closely 

the visual world data we presented.  
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Examples: 

 

1) Hans, dem [die Astronautin überrascht den Außeridischen] zeigt, sieht dasRaumschiff. 

    Nnom, RPdat [Det Nnom ADVambig det Nakk] Vfinite, Vfinite det Nakk EOS 

      a.  6-gram prediction: EOS (and others) 

      b. globally possible: Vfinite only 
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It has been argued that the amount of information conveyed by each word in a sentence is a 

measure of the amount of cognitive effort needed to process the word. Two complementary 

formalizations of word information have been proposed: surprisal (Hale, 2001) and entropy 
reduction (Hale, 2006). These !"#$%&'()*+,-.,/%&0,1()*%2,*,3%,$%*%4*52&/2*#*54+67-*4//"++,$/,*

5#-*"$,3.,/%,6)*#$6*%2,*54+67-*,'',/%*4$*the uncertainty about the rest of the sentence. The 

goal of this study was to investigate whether these two information measures indeed predict 

processing effort, as observed in word-reading times. 

 

Both information measures can be computed from the probabilities of words given the 

sentence-so-far. Formally, if w18t denotes the first t words of the sentence and wt+1 is the 

upcoming word, then the surprisal of that word equals 

!"#$#%!&'()*+,- . / '01 2()*+,3),4*-. 

The entropy directly before processing wt+1 is defined as 

5(6- .789 2()*+,4*+:3),4*- '01 2()*+,4*+:3),4*-;<=>4<=?
, (1) 

where wt+18t+n denotes the rest of the sentence, that is, from word wt+1 onwards. The 

reduction in entropy due to wt+1 is simply 

@5()*+,- . 5(6- / 5(6 A B-. 
 

Although the effect of surprisal on reading time is well established (e.g., Demberg & Keller, 

2008; Frank & Bod, 2011), the role of entropy reduction has not received much attention, 

possibly because the estimation of entropy is computationally very demanding. Hale (2006) 

showed how entropy reduction can be computed from probabilistic context-free grammars, 

but this is not computationally feasible for grammars of realistic size. Frank (2010) found that 

entropy-reduction values, as computed relatively efficiently by recurrent neural nets (RNNs), 

account for word-fixation times in eye-tracking data. However, these values were estimated 

only '4+*%2,*54+6-7*syntactical categories rather than for the words themselves. 

 

Here, we show for the first time that there is a general positive relation between the reading 

time on a word and the reduction in sentence-entropy due to processing that word. A RNN 

was trained on 702,412 sentences (comprising over 7.6 million word tokens; 7,754 word 

types) from the British National Corpus. At several point during training, the network was 

made to generate surprisal and entropy-reduction estimates for 5,043 word tokens of 361 

sentences, selected from three novels on www.freeonlinenovels.com. In theory, entropy is 

defined, as in Eq. (1), over the probabilities of all possible continuations wt+18t+n of the 

sentence-so-far. However, in order to make the estimation of entropy-reduction 

computationally feasible, the number of continuations was restricted in two ways. First, 

instead of looking at complete continuations, only the upcoming three words were taken into 

account (i.e., wt+18t+3). Second, only the 40 most probable length-m continuations wt+18t+m 

were retained for estimating the probabilities of the length-m+1 continuations wt+18t+m+1. 
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Reading times on each word of the same set of 361 sentences were collected in a self-paced 

reading task involving 54 native speakers of English. Mixed-effect regression analyses 

(including several covariates such as word frequency and length) showed that both surprisal 

and entropy reduction are positively related to word-reading time, with either factor having a 

significant effect over and above the other. Moreover, as shown in Figure 1, these effects 

grew stronger as the network learned to capture the language statistics more accurately. At 

the end of RNN training, the unique effects of surprisal and entropy reduction were, 

respectively, !
2
 = 145 (p ! 0) and !

2
 = 12.3 (p < .001). 

 

These results show that the reduction in uncertainty about sentence continuations is indeed a 

cognitively relevant measure of the amount of information conveyed by a word, and provides 

further support for the theory that word-information content quantifies cognitive processing 

effort. 

 
Figure 1: Effect sizes of surprisal (left) and entropy reduction (right) as a function of the 

network"s accuracy as a language model (quantified by average negative surprisal). Effect 

size is the !
2
-statistic of either the surprisal or entropy-reduction predictor in the mixed-effect 

model.  
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According to a classic theory of language comprehension, word-order and plausibility 

information each provide a cue to meaning within a language, combining for interpretation.  

For example, in the implausible English sentence The pizza ate the boy, pizza is usually 

interpreted as the agent of ate, because English relies more heavily on word-order than 

plausibility (see Kim & Osterhout, 2005; Kuperberg etal., 2003, for evidence that people 

consider plausibility in their initial interpretation; see MacWhinney etal., 1984; MacWhinney 

& Bates, 1989; Croft, 2002; Ferreira, 2003; Bornkessel & Schlesewsky, 2006, for evidence 

that final interpretation is driven by word-order).  We present a challenge to such models in 

the form of structures where English syntax does not determine interpretation. 

 

We investigated the comprehension of materials like (1)/(2), each crossing syntax 

(active/passive in (1); double-object (DO)/prepositional-phrase object (PO) in (2)) with 

plausibility (plausible/implausible).  In Experiment 1, participants read sentences and 

indicated their interpretation (agent/patient for actives/passives; patient/goal for PO/DO).  

The results showed that people are sensitive to both syntax and plausibility in the 

active/passive constructions (see Fig1a and statistics below), but the factors do not interact.  

Critically, in the DO/PO constructions syntax and plausibility interact (Fig1b).  Furthermore, 

in the implausible DO construction (2d), people are at chance in choosing an interpretation, 

demonstrating that syntax does not determine interpretation.  (We replicated this effect in two 

additional experiments.) 

 

These results cannot be explained by a model with a single cue for English syntax.  Such a 

model predicts the same biases across constructions.  Furthermore, the relative frequencies of 

DO/PO constructions cannot explain the results because DO and PO constructions are more 

closely matched in frequency than actives/passives.  However, these results are 

straightforwardly explained by a noisy-channel model of comprehension (cf. Levy, 2008; 

Levy etal. 2009).  In our model, the speaker’s intended utterance is sometimes corrupted, due 

to speech errors or external noise.  An implausible sentence can thus be generated in two 

ways: intentionally or unintentionally (due to corruption/noise).  When listeners interpret a 

sentence, they rationally account for the noise that may have been added to it.  For example, 

the implausible DO sentence (2d) can be generated by noise from the plausible sentence (2b), 

by swapping adjacent NPs the candle and the daughter, or from (2a) by omitting the 

preposition to.  In contrast, the implausible PO sentence (2c) cannot be generated as easily 

from a plausible sentence: generating it either requires multiple swaps of adjacent terms; a 

swap of non-adjacent terms; or the insertion of a particular word (to).  The noisy-channel 

model thus predicts that an implausible PO sentence should be more often interpreted as 

intentionally implausible than an implausible DO sentence (which is easily explained by 

noise). 

  

The noise assumptions of the model were evaluated in Experiment 2.  60 participants were 

asked how likely someone might accidentally produce implausible sentences (2c,d), given 

that they intended to produce either a plausible DO or PO.  The results demonstrated that 

participants believed that implausible DO sentences were more likely to be produced 

accidentally than implausible PO sentences (p<0.001), consistent with the model’s noise 

assumptions. 
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In conclusion, noisy-channel models – originally developed for NLP applications – have 

much potential for explaining key phenomena in human sentence comprehension. 

 
(1)a. Active/plaus: The boy ate the pizza. b. Passive/plaus: The pizza was eaten by the boy. 

 c. Active, implaus: The pizza ate the boy. d. Passive, implaus: The boy was eaten by the pizza. 

(2) a. PO, pls: The mother gave the candle to the daughter. b. DO, pls: The mother gave the daughter the candle. 

 c. PO,imp: The mother gave the daughter to the candle. d. DO,imp: The mother gave the candle the daughter. 

 

       
 

            Figure 1a                Figure 1b 

 

Figure 1a: Syntactic / plausibility information in the active / passive constructions.  The y-

axis shows the proportion of trials on which syntax was used to interpret the sentence.  All 

four conditions are significantly greater than chance, showing that people use syntactic cues 

in their interpretation of these structures. 

 

Figure 1b: Syntactic / plausibility information in the DO / PO constructions.  The y-axis 

shows the proportion of trials on which syntax was used to interpret the sentence.  For 

Implausible / DO sentences, people are at chance deciding what these sentences mean.  

 

Noisy channel model details: The noisy-channel model assumes that individuals have a 

prior probability distribution PM (meaning m) over the meaning that the speaker intends to 

communicate.  Plausible meanings are assigned higher prior probability than implausible 

meanings.  Given that speakers wants to communicate a particular meaning, they have a 

distribution PS (intended utterance v | meaning m) over utterances that they will use in order 

to communicate their meaning.  The noise distribution PN(perceived utterance u | intended 

utterance v) determines the probability that the listener will perceive an utterance u given that 

the speaker intended to say v. By marginalizing over the possible intended utterances of the 

speaker, it follows that a rational listener will have the distribution 

 

 
 

over the intended meaning of the speaker given a perceived utterance. 
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Computational methods of analyzing child and adult language offer new ways of 

characterizing L1 and L2 grammars (e.g. Alexopoulou et al., 2010). We extract part-of-

speech (PoS) n-grams from child-adult interactions to investigate the extent and nature of 

language similarity (1) in individual children and adults over time, (2) across children at 

similar points of development, and (3) across adults speaking to children.  Our methods and 

results demonstrate a new way to exploit the rich database on CHILDES (MacWhinney & 

Snow, 1985) and shed light on contested issues in language acquisition. 

Method.  We generate frequency distributions for all PoS-tagged and word bigrams 

(e.g., pro vbo, it goes) from 3 corpora:  longitudinal data from Brown (Eve) and Bloom 

(Peter) and cross-sectional data from 21 children from Valian. The longitudinal corpora are 

split into 4 time periods (5 transcripts each).  We calculate Dice coefficients (twice the 

intersection of two sets divided by the sum of the cardinalities of the sets) for all n-gram 

!"#$%&!'"()'*$&"+#"(,!'+"(-'./++&%"01/(!'2/+'03/!&'!&45&(.&!'$+/)5.&)'67'6/03'.31%)'"()'

parent.  Dice, which has been used for word sense disambiguation to measure how often two 

words appear with one another (e.g. Pederson 2001), characterizes the similarity between 

inventories of n-grams while the rss characterize the frequency similarities of the shared tags. 

Results and discussion.  At the beginning of acquisition, children are dissimilar to 

adults in the PoS bigrams they use, producing ungrammatical sequences their parents do not 

(e.g., adjective-verb). The Dice increases over time in the longitudinal data (Eve: 0.53-0.75, 

Peter: 0.4-0.72). The 21 cross-sectional children in Valian are moderately similar to each 

other (Dice range ~.56-.67).   The Valian adults, in contrast, produce very similar bigrams 

across individuals (0.63-0.79).  We argue that this stability reflects the constraints imposed by 

the language.   

Table 1 shows that, for both longitudinal corpora, all rank correlations between child 

and adult PoS bigram frequencies are significant at all time periods, increasing in strength 

over time. Word bigram data (not shown here) reflect a less stable relationship: correlations 

are significant at all periods (Eve rs= .29- .43, Peter Peter rs =.19 -.51), but a resampling test 

(10,000 repetitions) shows that the relationship to be likely due to chance at the earliest 

periods (Eve 01 and Peter 01).  

 We offer new ways to assess the similarity of language produced by child and adult 

across time and individuals. The cross-adult and cross-child Dice coefficients show that input 

and child speech are strikingly uniform across individuals. Furthermore, the within-adult 

Dice coefficients show that adult input remains highly stable over time. The relatively low 

Dice coefficients for word bigrams compared to PoS bigrams suggest that the child is not 

dependent on individual word collocations, even early in development.  The increase in Dice 

coefficients between child and parent with age suggests both that the child becomes a more 

competent user of the language and that her initial productions are not primarily formulaic. 
 

Word Count: 484 
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Table 1.  Child and adult PoS bigram Dice coefficients and Spearman rank correlation coefficients 

Period Child 

bigrams 

Adult 

bigrams 

Shared 

bigrams 

Dice 

coefficient 

rs  (all 

ps<0.001) 

eve1 (1;6-1;8) 185 206 103 0.53 .26 

eve2 (1;9-1;10) 320 328 214 0.66 .46 

eve3 (1;11-2;1) 381 397 266 0.68 .67 

eve4 (2;1-2;3) 472 490 360 0.75 .78 

peter1 (1;9-1;11) 194 237 86 0.4 .36 

peter2 (2;1-2;3) 288 318 185 0.61 .72 

peter3 (2;3-2;6) 488 477 349 0.72 .80 

peter4 (2;7-3;1) 420 418 300 0.72 .85 

 

Table 2. Summary of Valian Child and adult PoS bigram Dice and correlation coefficients 

 Child 

bigrams 

Adult 

bigrams 

Shared 

bigrams 

Dice 

coefficient 

rs  (all 

ps<0.001) 

Min. 116 125 66 0.50 0.37 

Max. 310 320 226 0.71 0.76 

Mean 208 223 136 0.62 0.63 

 

Table 3.  Child-Child: Dice coefficients for Eve and Peter child bigrams at comparable periods 

 Peter  Eve  Shared  Dice  

Peter01 ! Eve02 243 308 163 0.59 

Peter02 ! Eve04 428 425 293 0.69 

 

Table 4.  Adult-Adult: Dice coefficients for Eve and Peter adult bigrams at comparable periods 

 Peter Eve Shared Dice 

Peter01 ! Eve02 548 492 370 0.71 

Peter02 ! Eve04 598 607 451 0.75 

 

Table 5.  Dice coefficients for adult and child bigrams across time periods 

 Adult bigrams Child bigrams 

Periods Eve Peter Eve Peter 

1 and 2 0.79 .83 0.62 0.60 

2 and 3 0.78 .84 0.72 0.74 

3 and 4 0.80 .84 0.72 0.75 

1 and 4 0.77 .82 0.51 0.45 

 

Table 6: Summary of adult-adult and child-child Dice coefficients for all 21 Valian children 

Adult-adult bigram tags Child-child bigram tags 

mean 0.73 

min 0.64 

max 0.79 
 

mean 0.57 

min 0.40 

max 0.68 
 

Adult-adult bigram words Child-child bigram words 

mean 0.21 

min 0.14 

max 0.26 
 

mean 0.12 

min 0.03 

max 0.18 
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Experimenters usually need to solve a set of constraints when building their materials. On the 
one hand, investigating the cognitive impact of a given factor requires contrasted modalities. 
On the other hand, other factors out of the focus of the experiment may be controlled and 
‘averaged out’ to avoid loss of statistical significance or biases. Settings in experimental 
psychology therefore often involve items carefully sorted into a number of lists according to 
their features; in psycholinguistic studies, these features are usually those of words. 
Differences in frequency, number of letters, syllabic structure etc. are commonly either 
enhanced or neutralized, depending on the target of the study. Additional constraints are 
sometimes required: preventing similar items to repeat too closely in the lists, having all lists 
start with items from a specific category etc. 
 
Building lists is a difficult and time-consuming problem. Picking and switching items while 
keeping an eye on averages or standard deviations require many trials and errors. Pen and 
paper may suffice when one restricts themselves to 2 or 3 features, but more factors usually 
need to be taken care of, and the problem quickly becomes intractable. Within the framework 
of theoretical computer science, the problem can be proven to be NP-complete; this means 
that it cannot be solved exactly in a number of operations proportional to a polynomial 
function of its “size” – in our case, typically the number of items to be sorted into lists. 
Solving NP problems exactly require too much computational power, and they are therefore 
usually better dealt with heuristic approaches yielding near-optimal results. 
 
Software already exists which assists psycholinguists in creating lists (Van Casteren & Davis, 
2006; 2007). We here propose a new tool, BALI (Balancing Lists), which goes further to 
offer more flexibility and ease in the construction of lists. Its heuristic search algorithm relies 
on genetic algorithms, an optimization paradigm which mimics natural selection in biology 
(Holland, 1975). Following the evolutionary idea of the ‘survival of the fittest’, it gradually 
evolves – by evaluating, selecting, mutating and reproducing - competing sets of lists to 
answer the constraints imposed by the user. This leads to an optimal or near-optimal result, 
depending on the constraints and on their potentially conflicting interactions. 
At the heart of the algorithm lies a ‘fitness function’, which mathematically translates the 
user’s constraints. Sets can be ranked according to it. ‘Mutating’ and ‘reproducing’ the sets 
are achieved by randomly switching pairs of items in their respective lists. The process is 
simple yet powerful when iterated many times. 
 
Like Match (Van Casteren & Davis, 2007), our algorithm accepts any number of items and 
features, and produces a desired number of lists. However, relying on a carefully fitness 
function opens a wide range of possibility. Firstly, it can simultaneously contrast some 
features and balance others, and these features may take continuous values (e.g. frequencies) 
or belong to finite sets (e.g. syntactical categories or gender). Secondly, rather than being 
only divided into different unsorted lists, items are actually organized in a 2-dimensional 
array. There are therefore interlaced horizontal lists – lines – and vertical lists – columns. 
This allows for more freedom when preparing experimental material, e.g. defining two 
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balanced lists of primes and targets where each couple (prime-target) is additionally balanced 
with respect to the same or other features. Thirdly, constraints between and within rows – 
lines or columns – of the 2-dimensional array may be combined, when they were previously 
addressed by distinct tools. It is hence possible for example to build ordered lists where 
words are always separated by at least one pseudo-word, and which are moreover balanced in 
terms of number of letters and contrasted in terms of morphological structures. 
The constraints readily available in BALI allow addressing a wide range of experimental 
settings. However, for specific needs, a programmer may easily modify the code to devise 
new constraints. 
 
BALI offers an intuitive and graphic interface without command lines. Input and output files 
are easily managed with Excel, and file reading and writing procedures are Unicode 
compliant. Although the software’s primary function is not to prepare the dataset from which 
items will be picked to build lists, it offers a few filtering functions that allow reading large 
inventories like Lexique (New, 2006) and then reduce the number of entries, e.g. to keep only 
nouns or verbs. On the one hand, this leaves the door open for diversified items to be 
matched and selected. On the other hand, working with large datasets may lead to resulting 
lists containing undesirable items, e.g. words unsuitable for children or simply unnatural in 
the context of the experiment. It is however possible to solve this issue by adding new 
constraints impeding these specific items and rerunning the optimization process to 
eventually reach a new near-optimal result that will be free of unwanted elements. 
 
We will introduce our software and illustrate its performances with examples from concrete 
cases. 
 
 
 
References: 
Holland, J. (1975). Adaptation in Natural and Artificial Systems. The MIT Press. 

New, B. (2006). Lexique 3 : Une nouvelle base de données lexicales. Actes de la Conférence Traitement 

Automatique des Langues Naturelles, avril 2006, Louvain, Belgique. 

Van Casteren, M. & Davis, M. H. (2006). Mix, a program for pseudorandomization. Behavior Research 

Methods, 38(4), pp. 584-589. 

Van Casteren, M. & Davis, M. H. (2007). Match: A program to assist in matching the conditions of factorial 

experiments. Behavior Research Methods, 39(4), pp. 973-978. 

 

 

!

!

!

!

AMLaP2011-PosterSession1
75



ANAPHORA PROCESSING: THE FOCI OF IT AND THIS 

Derya Çokal-Karada!
1, 2

, Patrick Sturt
2
, "#kriye Ruhi 

1
and Fernanda Ferreira

3
 

1
Middle East Techical University, 

2
University of Edinburgh, 

3
University of South Carolina

 

contact: !"#$%&'()*+(,*+)-.

.

Within a variety of theories and paradigms, some linguists have handled the anaphoric 

expressions it and this as oppositional, referring to different entities (i.e. this refers to a 

proposition whereas it refers to a noun phrase) and establishing different foci/attentional 

states (i.e. it signals topic continuation and this signals topic shift) (4, 8, 11, 12, 15). For 

others, however, it and this are indistinguishable with respect to the antecedent preferences 

and the foci they establish (1, 9, 10). Existing psycholinguistic studies focus on comparisons 

of the deictic that and the anaphoric pronoun it, or on comparing deictic expressions with the 

use of personal pronouns in German or French (2, 3, 7). The cognitive functions of these 

expressions in establishing coherence and in shifting foci in text processing, however, have 

not been explored with online methods. This study differs in terms of the anaphoric 

expressions we handle, our focus on textual deixis, and our use of both eye-tracking reading 

experiments and norming experiments.  

 

Here we report 3 eye-tracking experiments and 3 norming experiments designed to test the 

antecedent preferences of it and this and the foci they establish. Eye-tracking Experiment 1 

(40 participants; 40 items) compared how it and this refer to the proposition and the noun 

phrase in the preamble. Preferences were measured by referential expressions after the 

adjective following it and this. In norming Experiment 1, (16 participants; 40 items), blanks 

replaced the words following it/this and participants were asked to complete the sentences. 

Eye-tracking Experiment 2 (40 participants; 40 items) compared how it and this refer to two 

noun statuses (i.e. subject/NP1 and object/NP2). Preferences were measured by 

mismatching/matching referential expressions with the features of noun phrases. In norming 

Experiment 2 (16 participants; 40 items), we used the same stimuli as in Experiment 2 but we 

removed the phrases after it and this and asked participants to complete the sentences. Eye-

tracking Experiment 3 (40 participants; 40 items) compared how it and this refer to two noun 

phrases in the object positions. In norming Experiment 3 (16 participants; 40 items), we used 

the same stimuli as in Experiment 3.  

 

Contrary to the similarity account, Experiments 1, 2 and 3 and the norming experiments 

showed that this and it refer to different entities and establish different attentional states. 

References with this to a noun phrase led to longer fixations than did references to it. In 

Experiments 2 and 3, fixations when referring to the first NP were longer in the this condition 

than in the it condition. Our results will be interpreted in relation to a time-course model of 

anaphora processing. This combines the focus processing theory of Sidner (1983), the two-

stage model (bonding and resolution process) of Sanford et.al. (1983) and of Garrod and 

Sanford (1994), and the late filter model of Sturt (2003). The regressions-out analyses in 

Experiments 1,2 and 3 indicate that participants resolve ambiguity by taking into account the 

semantic overlap among referential expressions, anaphoric expressions and the preamble.  
 

Eye-tracking Experiment 1  

Condition 1: it referring to the proposition 

Alice pruned the bonsai tree. /It was/ a splendid idea /and she /forgot all her stress  

Condition 2: this referring to the proposition 

Alice pruned the bonsai tree. / This was/ a splendid idea/ and she/ forgot all her stress  

Condition 3: it referring to the noun phrase 

Alice pruned the bonsai tree. / It was/ a splendid plant/ and she /forgot all her stress.  

Condition 4: this referring to the noun phrase 
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Alice pruned the bonsai tree. /This was/ a splendid plant/ and she /forgot all her stress 

Eyetracking Experiment  2 

Condition 1: it referring to the subject/NP1 

The room was small and had a large jug in the centre. / It had/ a large window/ and looked stylish. 

Condition 2: this referring to the subject/ NP1 

The room was small and had a large jug in the centre. /This had/ a large window/ and looked stylish. 

Condition 3: it referring to the object/ NP2 

The room was small and had a large jug in the centre. /It had /a large handle/ and looked stylish. 

Condition 4: this referring to object/NP2 

The room was small and had a large jug in the centre. /This had /a large handle/ and looked stylish. 

Eyetracking Experiment 3 

Condition 1: it referring to the object/NP1 

Joseph put the wine glass next to the bottle. Before washing up, he/ grasped it /by its stem and/put it on the 

sideboard.  

Condition 2: this referring to the object/NP1 

Joseph put the wine glass next to the bottle. Before washing up, he/ grasped this/ by its stem and /put it on the 

sideboard.  

Condition 3: it referring to the object/NP2 

Joseph put the wine glass next to the bottle. Before washing up, he/ grasped it /by its cork and/ put it on the 

sideboard.  

Condition 4: this referring to the object/NP2 

Joseph put the wine glass next to the bottle. Before washing up, he/ grasped this/ by its cork and/put it on the 

sideboard.  
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The ability take someone else’s perspective is a crucial component of human interaction, 

relevant in linguistic and non-linguistic situations. We investigated how factors related to 

perspective-taking interact with semantic and syntactic factors during reference resolution.  

 

According to Kuno (1987), reflexives in certain contexts, e.g. picture-NPs (PNPs, ex.1), are 

sensitive to Point-of-View (POV). Similarly, Tenny (2003) suggests PNP-pronouns also refer 

to the person whose perspective/POV is being represented. However, these claims of shared 

POV-sensitivity are at odds with work (Kaiser et al. 2009) showing that PNP-pronouns and 

reflexives are guided by opposing syntactic and semantic preferences (also Chomsky, 1981 

cf. Reinhart & Reuland, 1993; Keller & Asudeh, 2001): Reflexives prefer subjects and 

sources-of-information; pronouns prefer objects and perceivers (ex.1). We investigated the 

extent to which PNP-pronouns and reflexives are governed by shared-vs.-opposing biases. 

 

(1a) PeterSOURCE  told  JohnPERCEIVER about the picture of {him/himself} on the wall. 

(1b) PeterPERCEIVER heard from JohnSOURCE about the picture of {him/himself} on the wall. 

 

Exp1 tested (i) whether pronouns and reflexives are sensitive to POV, and (ii) whether there 

is evidence of pronouns and reflexives exhibiting both (a) opposing preferences 

(subject/object, source/perceiver) and (b) similar preferences (POV-antecedents). Design: 

We manipulated referential form (pronoun/reflexive), source/perceiver (told/was told) and 

form of the perceiver (name/someone) (8 conditions, ex.2). Participants (n=24) read 

sentences and answered questions, as shown in ex.(3). We used voice (active/passive) to 

manipulate source/perceiver (ex.(2a,b): subject=source, object=perceiver, ex.(2c,d) reverses). 

To manipulate POV, we used names vs. indefinite someone. This is because if someone’s 

identity is unspecified/indefinite, that entity is not a suitable POV-anchor (Kuno, 1987). 

Thus, if a particular form is used to refer to the person whose POV is being represented, that 

form should show a dispreference for ‘someone’. 
 
 

(2a) NickSOURCE told JeffPERCEIVER 
 

…about the picture 

of{him/himself} 

[active/name+name] 

(2b) NickSRC told someonePERC 
 

[active/name+someone]

  

(2c) JeffPERC was told by NickSRC 
 

[passive/name+name] 

(2d) SomeonePERC was told by NickSRC 
 

[passive/someone+name]

 

Results. Overall, reflexives prefer subjects (81.5% subject-choices); pronouns are split 

between subjects and objects (53% subject-choices). We replicate Kaiser et al.’s (2009) 

findings with active/passive: (i) reflexives’ subject preference is modulated by a source 

preference (significantly more subject-choices when subject=source); (ii) pronouns show a 

perceiver preference (significantly more object-choices when object=perceiver). Crucially, 

these biases are modulated by a unidirectional POV-effect: both pronouns and reflexives 
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significantly prefer names over ‘someone.’ In this dimension, pronouns and reflexives pattern 

alike. (‘Someone’ is not categorically rejected; rather, it is chosen less often than names.)   

 

(3)  Sample items for Exp 1 
 

Jeff was told by Nick about the picture of himself. 

Who was in the picture? 

(a) Jeff 

(b) Nick 
 

Someone was told by Nick about the picture of himself. 

Who was in the picture? 

(a) The unnamed ‘someone’ 

(b) Nick 

 

To probe the generalizability of these findings, Exp2 (n=32) used the same method to test 

whether other referentially-unspecified elements, who and which of the (ex.4a-d), pattern like 

someone (also included, ex.4e-f). Results: These three forms pattern alike; dispreferred by 

pronouns and reflexives. Furthermore, reflexives (but not pronouns) prefer which over who. 

Since ‘which’ asks about a certain set member, it could be regarded as more specific (better 

POV-anchor) than ‘who.’ This suggests reflexives may exhibit fine-grained POV-sensitivity. 
 
 

(4a) Who told Nick 
 

…about the picture of 

{him/himself}? 

[who+name] 

(4b) Who did Nick tell 
 

[name+who] 

(4c) Which of the men told Nick 
 

[which+name] 

(4d) Which of the men did Nick tell 

 
[name+which]  

 

(4e) Nick told someone 
 …about the picture of 

{him/himself}. 

[name+someone] 

(4f) Someone told Nick 
 

[someone+name] 

 

Conclusions. We replicated Kaiser et al.’s opposing subject/object and source/perceiver 

biases (with an extension to passives), but also found a shared a dislike of unspecified, non-

POV antecedents: Interpretation of pronouns and reflexives is guided by some shared and 

some non-overlapping constraints, compatible with a multiple-constraint account (e.g. Kaiser 

& Trueswell, 2008). The finding that perspective-related factors ignore the pronoun/reflexive 

distinction (treat both the same), while syntactic and semantic factors influence pronouns and 

reflexives differently, suggests that perhaps the relevant perspective/Point-of-View 

representations are more cognitively general and less tied to linguistic details (e.g. pronoun-

vs.-reflexive difference) than syntactic/semantic representations are. 
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Multiple factors influence the interpretation of pronouns and other referring expressions, 

including grammatical role ([2],[5]) and word order ([6]). According to the form-specific 

multiple-constraint approach ([3],[4]), reference resolution is sensitive to multiple constraints, 

and, crucially, referring expressions may exhibit different levels of sensitivity to different 

constraints. For example, Finnish pronouns are more sensitive to grammatical role whereas 

demonstratives are sensitive to linear order and grammatical role [3]. However, prior work 

has focused on personal pronouns and demonstratives in a small set of languages. This raises 

the question of how generalizable these patterns are. Is the greater word-order sensitivity of 

demonstratives in Finnish and Estonian due to an inherent property of demonstratives 

!"#$%#$&''() *+,#-%#-./ to recent referents 0 and thus something that should generalize 

crosslinguistically 0 or is it a more flexible property that can vary from language to language? 

 

Bangla 0 an Indic language with default SOV order 0 is well-suited for investigating these 

questions, thanks to the rich nature of its referential paradigm and its flexible word order. 

New information occurs in the immediately preverbal position: SOV is used with a 

given/discourse-old subject and a new object; OSV is used with a given/discourse-old object 

and a new subject. We investigated the referential properties of two referring expressions in 

Bangla: (i) the distal demonstrative oTa 1*%2&%/34)and (ii) SeTa, which is normally classified as 

a pronominal/anaphoric element. Both of these forms can be used anaphorically in discourse 

to refer back to previously mentioned referents, and both can also be used discourse-
deictically 1"5.5)*This 678+8#6"!)9#8&/)  

 
Experiment. Participants (n=24) wrote continuations to short mini-stories (ex.1, 2). Target 

stories ended in a prompt-word (oTa, SeTa). The word order in Sentence 3 (1c,2c) was SOV 

or OSV, creating four conditions: [SOV.oTa], [SOV.SeTa], [OSV.oTa], [OSV.SeTa]. The 

sentence-initial argument was discourse-old to ensure felicity. The propositional content of 

the SOV/OSV sentence was constant within each item to avoid plausibility/felicity 

confounds. We had 24 targets, 30 fillers. Continuations were coded for whether the referring 

expression refers to the preceding subject or object, or whether it was used discourse-

deictically. :,;")<"8")$,!"!)&6)*7-$'"&85/ 

 

Results. =&8%#$#+&-%6/)$ontinuations reveal an asymmetry between the two forms (Table 1). 

Demonstrative oTa is mostly used to refer to the preceding object regardless of word order 

(ANOVAs show significant differences; +/6<.05). In contrast, pronominal SeTa is sensitive to 

word order: [SOV.SeTa] shows competition between the object (43%) and discourse-deictic 

usage (38%), whereas [OSV.SeTa] prefers the discourse-deictic usage (47% discourse-

deictic-continuations, 26% object-continuations, p<.05 by subjects, p=.07 by items). 

 

Whereas oTa is sensitive to grammatical/semantic role, SeTa/6) >#&6"6) 62#?%) !"+"-ding on 

word order. Our findings fit with the claims of the form-specific multiple-factor approach 

([3],[4]). Furthermore, the finding that the demonstrative oTa shows a greater sensitivity to 

grammatical/semantic role than the pronominal SeTa shows that the pattern observed in 

languages like Finnish and Estonian, where the pronoun was found to be more sensitive to 

grammatical/semantic role than the demonstrative, is not a crosslinguistic universal. By 
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broadening our investigations into more diverse languages, we can gain a better 

understanding of the extent of crosslinguistic variation. 
 
Table 1. Percentages of different continuation types in each condition. (Shading indicates the 

most frequent continuation types for each condition)   
!! "#$%&'(!

')*(+*#,(+)*!

-$%&'(!

')*(+*#,(+)*!

.+/')#0/&!

1&+'(+'!

2*'3&,04-(5&0!

-"67)8,! !"#$ %&#$ '"#$ &#$

-"67"&8,!! '!#$ '(#$ %&#$ (#$

"-67)8,! !!#$ )%#$ '*#$ (#$

"-67"&8,!! !!#$ %+#$ +"#$ "#$

 

(1) SOV example 

 a. nira  mangSer dokane  mangSo kinchilo 

 Nira meat-gen shop-loc meat  buying-was 

 !"#$%&'%(&)*+#,-&./%0&#,&01/&./%0-(12345 

b.   o dekhlo   dokaner  kache  E kTa  kukur   ghurche 

 she saw   shop-gen  near  one  dog  wondering-around

 !"#$%&(%'&01%0&a dog wa(&'2,6/$#,-&%$2*,6&,/%$&%&(12345  

 c. kukur Ta  EkTa   beRalke  taRa korlo  

 dog-N O M  a   cat-ACC  chase did 

 !The dog 71%(/6&%&7%045  [Subjold   Obj new  Verb] 

d. SeTa / 28%9  

 It / that    

  

(2) OSV example 

 a. nira  mangSer dokane  mangSo kinchilo 

 Nira meat-gen shop-loc meat  buying-was 

 !"#$%&'%(&)*+#,-&./%0&#,&01/&./%0-(12345 

b.   o dekhlo   dokaner  kache  E kTa  beRal  ghurchhe 

 she saw   shop-gen  near  one  cat  wondering-around

 !"#$%&(%'&01%0&a cat was '2,6/$#,-&%$2*,6&,/%$&%&(12345  

c. beRalTake    EkTa  kukur   taRa korlo  

 the cat-A C C   one  dog  chase did 

 !:&62- chased the cat45  [Objold   Subjnew  Verb] 

d. SeTa ;&28%9  

 It  / that    
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The present eye-tracking study addresses the processing of grammatical and stereotypical 

gender cues in pronoun resolution in German. Previous studies in German examined the 

resolution of noun phrase anaphors and showed early influences of grammatical and 

conceptual features (i.e., grammatical gender and gender typicality) of role nouns on anaphor 

resolution (e.g., Irmen, 2007). In the present study we investigated the resolution of pronouns 

referring to gender typical role nouns. We expected that the task of pronoun resolution, in 

contrast to resolving semantically richer NPs, would mainly depend on morphosyntactic 

features and that conceptual information such as antecedent gender typicality would only 

influence processing during later stages.  

Experimental sentences consisted of two clauses and contained typically male, female, 

and neutral role nouns as antecedents in the first clause and personal pronouns (erMasculineSg/he 

or sieFeminineSg/she) as anaphors in the second. Role nouns and pronouns always served as 

subjects in their respective clause (e.g., Oft hatte der Elektriker gute Einfälle, regelmässig 

plante er neue Projekte/Often had the electrician good ideas, regularly planned he new 

projects; word by word translation to preserve the structure). Role nouns were presented in 

masculine or feminine form. Their gender typicality and grammatical gender could be 

congruent or incongruent (e.g., ElektrikerinFeminineMale/[female] electrician, 

KosmetikerMasculineFemale/[male] beautician). The pronoun in turn could be congruent to the 

grammatical gender and/or the typical gender of the antecedent. Analyses were conducted for 

the role noun and for the pronoun plus the following adjective as pronoun region.  

First pass reading times of the pronoun region showed an interaction between the 

grammatical gender of the role noun and the pronoun gender (Figure 1). Both masculine and 

feminine pronouns were fixated shorter when they followed a grammatically congruent 

antecedent. Furthermore, regressions out of the pronoun region were less likely to occur in the 

case of congruent than incongruent grammatical gender of antecedent and pronoun. Gender 

typicality of the antecedent did not affect any measure of the pronoun region. 

Total fixation times of the role noun showed that it was fixated longer when its 

grammatical gender was incongruent with the pronoun. In this case of incongruity regressions 

into the role noun were also more likely. However, conditionalizing on the launching region 

showed that regressions coming from the pronoun region were only affected by incongruity in 

terms of grammatical gender, whereas regressions coming from the spillover region following 

the pronoun region were also affected by incongruity in terms of gender typicality. Finally, 

there was an interaction between the grammatical gender and typicality of the role noun. Both 

masculine and feminine role nouns were fixated longer in case of incongruent as compared to 

congruent typicality. 

Results show that early stages of pronoun resolution are guided by grammatical 

features such as grammatical gender and that background knowledge about typical gender 

roles influences later stages as reflected in total fixation times of the antecedent or regressions 

into the antecedent from the spillover region of the pronoun. Our finding is well in line with 

two-stage models of anaphor resolution (e.g., Garrod & Terras, 2000), which claim that the 

first stage of resolution is influenced by lexical features only, whereas the second stage can 
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also be affected by semantic information (context, discourse, background knowledge). The 

present results will be compared with recent data from a study that tested NP anaphors as 

opposed to pronouns. 
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Variable Binding and Coreference in Sentence Comprehension: 
Evidence from Eye Movements 
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Psycholinguistic research has shown that pronoun resolution during sentence comprehension 
is guided by a number of syntactic, semantic and discourse-level factors [3]. Similarly in 
theoretical linguistics, it has been posited that pronoun interpretation can be resolved in two 
ways, either via variable binding mediated by syntactic structure, or via coreference 
assignment in the discourse representation [4]. Within this framework, syntactic variable 
binding is only possible between a pronoun and an antecedent that c-commands it, while non 
c-commanding antecedents can only be linked via coreference. Therefore, in ‘Every man who 
saw Jim said that he was ill’, while every man c-commands the pronoun and can thus be 
linked via variable binding, the non c-commanding potential antecedent Jim can only be 
linked via coreference. Crucially for the current work, syntactic variable binding is 
hypothesized to be computed before discourse-mediated coreference assignment [2]. 
 
We tested this hypothesis in two experiments. In Experiment 1, 27 native English speakers 
read 24 experimental and 60 filler texts while their eye-movements were monitored. 
Experimental sentences contained a pronoun and two potential antecedents, a c-commanding 
quantified noun phrase (QP), and a non c-commanding proper name, as in (i). Gender 
congruence (match vs. mismatch) was manipulated between the pronoun and the two 
potential antecedents in a 2x2 design. Gender congruence was achieved using proper names 
(James/Helen) for the coreference relation and pre-tested gender stereotypes for the QP 
(Every soldier... that he/she; see [5]). In Experiment 2, 31 native English speakers read 
similar texts, except that this time the linear order of antecedents was reversed, as in (ii). 
 
If variable binding is computed before coreference [2], readers should initially link the 
pronoun to the c-commanding QP rather than the proper name, irrespective of antecedent 
linear order. In this case, reading times at the pronoun in both experiments should be longer 
when it mismatches the QP’s stereotypical gender compared to when there is a gender match. 
Our results did not support this hypothesis. In Experiment 1, both first- and second-pass 
reading time measures indicated reliably longer reading times at the pronoun (that s/he) and 
spillover region (should wave) when the pronoun mismatched the gender of the proper name. 
A different pattern was found in Experiment 2, where both first- and second-pass measures at 
the pronoun and spillover regions indicated reliably longer reading times when the pronoun 
mismatched the stereotypical gender of the QP.  
 
These findings fail to support the hypothesis that variable binding is computed before 
coreference assignment. Instead, we interpret these results as suggesting that the pronoun-
antecedent relations examined here are better explained as being resolved via discourse-based 
mechanisms sensitive to the linear order and referential properties of potential antecedents 
(see e.g. [1]) rather than via syntactic binding. 
 
The squadron paraded through town... 

(i) Every soldier who knew that James/Helen was watching was convinced that 
he/she should wave as the parade passed. 

(ii) It looked to James/Helen that every soldier was completely convinced that 
he/she should wave as the parade passed. 
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Pupil dilation as an index of processing load during pronoun resolution 
Manizeh Khan & Jesse Snedeker 
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Pupillometry has long been used in psychology as a measure of processing cost.

1
 The current work 

explores this measure as a tool for psycholinguistic research. Prior studies on spoken language 
comprehension have examined pupillary responses to grammatical violations or semantic 
anomalies,

2,3

 

 so it unclear whether pupillometry is sensitive to increased cognitive load during typical 
comprehension. Pronoun resolution provides an interesting test case for examining pupillary 
responses, as conflicts can occur at the referential level without necessitating re-analysis at the 
syntactic or semantic levels. 

Two experiments compared cases of ambiguous and unambiguous pronouns that were resolved to 
either the preferred (first-mentioned) or dispreferred discourse referent. In experiment 1, participants 
watched videos of a speaker describing vignettes (1, 2). In the unambiguous condition the names 
indicated different genders. Pronoun resolution was disambiguated by the possessive noun, which 
could not be the referent of the pronoun. Following disambiguation, sentences continued with a final 
verb phrase, without explicit re-mention of the subject. Figure 1 shows the change in pupil diameter 
from baseline while listening to the sentences, with time windows offset by 200ms to allow for lexical 
access.

2
 There was a marginal early effect of ambiguity, significant by subjects only, in which pupil 

dilation was greater for unambiguous items. This may be driven by the fact that when the pronoun is 
unambiguous, there is early information about dispreferred resolutions. In the time window from the 
final verb until sentence-offset, there was a significant interaction of pronoun ambiguity and 
resolution, driven by the increased pupil diameter in sentences with an ambiguous pronoun that 
resolve to the second-mentioned character. 
 
Experiment 2 used psych-verbs followed by a pronoun in a “because” clause (3,4). Verbs were chosen 
such that the initial preference would be to resolve the pronoun to the subject.

4

 

 Each item continued 
with a second sentence that started with the pronoun and reinforced the same resolution. Figure 2 
shows pupil dilation over two time windows, offset by 200ms. There was no effect of ambiguity or 
subject vs. object resolution on pupil dilation in the time window from the onset of “because” until the 
beginning of the second sentence. Following the second occurrence of the pronoun, in the time 
window until sentence-offset, there was greater pupil dilation in the ambiguous pronoun condition 
(p<.05). 

In both experiments, a reliable effect of pronoun ambiguity on pupil dilation occurred following a 
point in the sentence where the referent had to be reactivated; consistent with an account where initial 
pronoun processing is shallow.

5

 

 These data suggest the pupillary response is sensitive to difficulties 
encountered in day-to-day language comprehension. We discuss time-course analyses, along with the 
potential utility of pupillometry as a measure of processing cost in young children’s sentence 
processing. 

Example Sentences 
1. First-mention resolution: Diego/Dora built a snowman with Arthur last December. He/She 

made arms using sticks from Arthur's backyard and used a carrot for the nose. 
2. Second-mention resolution: Diego built a snowman with Arthur/Dora last December. He/She 

made arms using sticks from Diego's backyard and used a carrot for the nose. 
3. Subject Resolution: Mary scares Sally/John because she is so violent. She even hits her best 

friends. 
4. Object Resolution: Mary/John scares Sally because she is afraid of everything. She's even 

afraid of her own shadow. 
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Figures 
 

 
 
Figure 1. Average pupil diameter change from baseline (500ms prior to Pronoun Window onset) in 
Experiment 1. In the Final Verb Window, there was a significant interaction between ambiguity and 
first vs. second mention resolution F1(1,10)=8.925, p<.05, F2(1,12)=11.537, p<.01. There was also a 
marginally significant effect of ambiguity in the Pronoun Window, F1(1,11)=10.106, p<.01, 
F2(1,11)=1.726, p=.22. 
 
 

 
 
Figure 2. Average pupil diameter change from baseline (500ms prior to First Pronoun Window onset) 
in Experiment 2. In the Second Pronoun Window, pupil dilation was significantly larger for 
ambiguous compared to unambiguous pronouns, F1(1,23)=6.418, p<.05, F2(1,31)=7.927, p<.01. 
 
 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

References 
1
 For example, Beatty & Wagoner (1978). Science, 199. 

2
 Engelhart , Ferreira & Patsenko (2009). Quarterly Journal of Experimental Psychology, 63. 

3
 Gutierrez et al. (2011). CUNY 2011: Conference on Human Sentence Processing. 

4
 Hartshorne & Snedeker (under review). 

5
 Stewart, Holler & Kidd (2007). Quarterly Journal of Experimental Psychology, 60. 

AMLaP2011-PosterSession1
87



The role of Expectancy in the Processing of Gender and Number-
Mismatching Pronouns 

Alice Doherty, Kathy Conklin and Walter van Heuven 
University of Nottingham, 

contact: aexad4@nottingham.ac.uk 
 
Language processing is expectancy-driven. The reported study explores the role of 
expectancies derived from the frequency of occurrence of a linguistic pattern and from real-
world knowledge in online pronoun processing. In English, pronouns usually match the 
number of their antecedent. Exceptionally, singular-them (as in, I spoke to someone and 
asked them for the time) occurs frequently in English. In previous research employing 
generic antecedents such as someone, we have shown that participants are sensitive to the 
frequency of singular-them and that it does not elicit an online processing cost. In contrast, 
violations in gender-expectancies (mechanic-her) are both infrequent and violate real-world 
knowledge, and therefore elicit robust processing costs (e.g. Kreiner et al. 2008). Gender-
mismatch (Stephanie-him) is less socially appropriate than number-mismatch (Stephanie-
them). Thus the current research explores how number and gender expectancies are 
prioritised in relationship to each other.  
 
It has been argued that number-mismatching-them is only acceptable under very specific 
circumstances, when gender is unknown or considered unimportant (Mackay, 1980). This 
study explores whether it is still acceptable when the gender of the antecedent is known or is 
highly predictable (mechanic-him vs. mechanic-them) and whether it incurs any processing 
cost. A further aim of the study is to compare number-mismatch violations with gender-
expectancy violations (mechanic-her vs. mechanic-them), which, due to social constraints, 
might be more salient to participants. To explore these questions an eye-tracking study was 
conducted using sentences such as (1) and (2) below, which were also rated for naturalness. 
Sentences contained a gender-marked (1) or a gender-unmarked but highly predictable (2) 
antecedent and either a gender-matching, a gender-mismatching or a number-mismatching 
pronoun. First-pass-reading-times, Regression-path-reading-times and Total-reading-times 
were analysed for three analysis regions (demarcated on example).  A proportion of filler 
sentences included a range of ungrammaticalities (e.g. violations of subject-verb agreement).  
 
A small but significant cost of them was observed in both the gender-marked (RPRT- final 
region) and the gender-unmarked condition (FPRT/TRT- verb+pronoun region). Similarly 
the naturalness-ratings indicate that in both conditions participants find them less natural than 
the gender-matched pronoun. This suggests that participants do not consider them to be well 
matched with either antecedent type and that this affects their online processing. Consistent 
with previous findings, a robust gender-mismatch cost is observed (in RPRT/TRT, various 
regions) and is strongest in the gender-marked condition. Intriguingly although participants 
only rate gender-mismatching pronouns unnatural in the gender-marked condition 
(spokeswoman-him) indicating that they know that the gender-unmarked antecedent 
(mechanic) can be male or female, in both the gender-marked and unmarked conditions 
gender-mismatch (spokeswoman-him, mechanic-her) causes more disruption to reading than 
number-mismatch (spokeswoman-them, mechanic-them).  This suggests that gender-
expectancy violations have a greater processing cost than number-mismatch violations. There 
are two potential explanations for these data. First, reduced sensitivity to specific cases of 
number-mismatch may generalise to other cases of plural-mismatch (see Haskell et al. 2010 
for similar findings). Second, violations in gender-expectations may be more difficult to 
recover from than number-mismatch costs because gender is a more salient cue.   
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Example Sentences: 
1. He called a spokeswoman and |instructed her/them/himverb+pronoun|hurriedlyadverb| to call a press conference.final| 
2. He saw a mechanic there and |asked him/them/her verb+pronoun |warilyadverb| if there were any problems. final| 
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MacKay, D. G. (1980). On the goals, principles, and procedures for prescriptive grammar: Singular they. 
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Syntactic and pragmatic cues in the resolution of overt vs. zero anaphora in 
French 

Sarah Schimke1, Saveria Colonna2, Barbara Hemforth3 and Suat Istanbullu2 
1University of Osnabrück, 2University of Paris 8 & CNRS, 

 3CNRS & University Paris Descartes 
contact: sarah.schimke@uni-osnabrueck.de 

 
In French, a referent can be modified by a subordinate clause containing an overt pronoun as 
in (1a), or, alternatively, by a nonfinite adverbial clause that does not contain an overt 
pronoun but a zero anaphor as in (1b). For ambiguous overt pronouns such as in (1a), 
previous research in different languages has found that pragmatic factors such as the 
topicality of the antecedents influence to which of the two potential antecedents the pronoun 
is resolved (see e.g. Arnold, 1998). In contrast, it is not clear whether pragmatic factors also 
influence the resolution of zero anaphora as in (1b). According to prescriptive grammar, such 
zero anaphora should always be resolved towards the syntactic subject of the matrix clause in 
French, even though following native speakers’ intuitions, resolution towards the object of 
the matrix clause seems possible as well. The relative influence of pragmatic cues (topicality) 
and syntactic cues (subjecthood) for the two types of anaphora were tested in a written 
questionnaire containing four types of sentences: canonical active SVO sentences (1a,b), 
sentences with a dislocated subject (2a,b), passive SVO sentences (3a,b), and sentences with 
a dislocated object (4a,b). The percentages of choices for the first noun (N1) as the 
antecedent of the anaphor are in brackets. 
 
(1a) Pierre a giflé Jean quand il était jeune. (58%) 
(1b) Pierre a giflé Jean Ø étant jeune. (62%) 
Peter slapped John when he was/ being young. 
(2a) Pierre, il a giflé Jean quand il était jeune. (60%) 
(2b) Pierre, il a giflé Jean Ø étant jeune. (64%) 
Peter, he slapped John when he was/ being young. 
(3a) Pierre a été giflé par Jean quand il était jeune. (84%) 
(3b) Pierre a été giflé par Jean Ø étant jeune. (63%) 
Peter has been slapped by John when he was/ being young. 
(4a) Pierre, Jean l'a giflé quand il était jeune. (72%) 
(4b) Pierre, Jean l'a giflé Ø étant jeune. (46%) 
Peter, John slapped him when he was/being young. 
 
For sentences with an overt anaphor (1a-4a), an N1-preference was found for all four 
constructions. This preference was significantly more pronounced in passive sentences (3a) 
as well as in sentences with a left-dislocated object (4a) than in active sentences (1a) and 
sentences with a left dislocated subject (2a) (F1(1,60)=18.48, p<.0001; F2(1,11)=9.03, 
p<.05), and significantly more pronounced in passives (3a) than in sentences with a left-
dislocated object (4a) (F1(1,60)=4.78, p<.05; F2(1,11)=4.31). These results are neither 
compatible with a syntactic role preference nor with a general preference for dislocated topics 
(no effect of topicalisation for dislocated subjects). It seems that patient-initial structures such 
as (3a) and (4a), which deviate from the canonical agent-initial order, constitute a strong case 
of foregrounding the patient of the sentence. If we assume that the choice of the subject can 
be considered as a means of topicalisation as well (see e.g. Demuth, 1990), passivation may 
be used only when the patient is supposed to be clearly marked as the topic of the sentence. 
Passivation, less frequent in French than dislocation, may thus be a particular strong and 
more easily perceived marker of topicality. Overall, the increased N1-preference in 
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conditions (3a) and (4a) therefore suggests that the pronoun is resolved towards a strongly 
marked sentence topic for overt pronouns. For zero anaphora, approximately 59 % of the 
interpretations were in favour of the syntactic subject across conditions, suggesting that 
syntactic role is the predominant factor that determines resolution preferences for zero 
anaphora in French, whereas topicalisation does not seem to play a role. Note, however, that 
this preference is far from being a case of the application of a prescriptive rule, as object-
interpretations turned out to be possible as well in a large number of cases. We conclude that 
pragmatic factors play a bigger role for the resolution of overt pronouns, and syntactic factors 
for the resolution of zero anaphora. 
 
References: 
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Recent evidence suggests that the cognitive control mechanisms recruited in sentence 

processing may overlap with those employed in attention and non-linguistic perception (Ye & 

Zhou, 2009; January et al, 2008; Novick et al., 2005). This notion clashes with the traditional 

view that sentence comprehension is a highly specialized cognitive task, which engages 

dedicated domain-specific modules (Kuperberg, 2007).  

 

Engaging domain-specific as opposed to domain-general cognitive systems during linguistic 

conflict resolution should be reflected in the differential activation of specific brain areas. 

The left temporal cortex is a prime candidate for an encapsulated linguistic system (Hagoort, 

2005). By contrast, if linguistic conflict is resolved outside the linguistic system, then conflict 

resolution should rely on large-scale neuronal networks, typically engaging the prefrontal 

cortex (PFC). To study domain-general vs. domain-specific network contributions in sentence 

processing, we focused on three test cases involving conflicting information: EEG-

experiments 1 and 2 examined anaphoric and cataphoric conflict resolution using a gender 

mismatch manipulation ([A], [B]) and contrasting lexical-(king) with stereotypical gender 

nouns (minister). EEG-experiment 3 compared spoken sentences containing reduced-relative 

clauses [C] (garden-path effect at “by”) to an unambiguous control condition [D]. We 

investigated oscillatory brain activity in the alpha (8-12Hz), theta (4-7Hz), and beta (16-

26Hz) band in relation to each type of conflict, since amplitude changes in specific frequency 

bands are thought to reflect the dynamic recruitment of the relevant neuronal networks 

engaged in cognitive processing. 

 

For anaphora sentences (Experiment 1), we hypothesized that a gender-mismatch would 

engage general cognitive systems because anaphora are less constrained in terms of linguistic 

predictions (syntactic gender becomes available late). For cataphora (Experiment 2), we 

expected that linguistic predictions (syntactic gender being available early) lead to activation 

of domain-specific posterior or temporal areas. In line with our hypotheses, we found distinct 

activation patterns between the two experiments: For anaphora, the gender-mismatch in both 

the lexical and stereotypical gender conditions elicited a significant increase in theta activity 

in the right frontal lobe (specifically, the right IFG (BA 46) in the lexical conditions, and the 

ACC (BA 32) in the stereotypical conditions). By contrast, cataphora processing engaged 

domain-specific posterior brain areas: a decrease of alpha activity for the lexical conditions, 

localizing in the left middle temporal gyrus (BA 21)), and a left-lateralized parietal increase 

in theta activity for the stereotypical conditions (BA 40).   

 

For Experiment 3 we hypothesized that if linguistic conflict triggers domain-general conflict 

mechanisms, this should result in increased activity in domain-general network such as PFC 

for the garden-path condition compared to the unambiguous control. Nonparametric 

permutation tests revealed a significant cluster of theta-band power increase at frontal-

midline electrodes (4-7Hz, 200ms-580ms post-“by”; p<0.05, right superior frontal gyrus) 

which was preceded by an early and short-lived decrease of beta-activity at frontal-midline 

electrodes (16-26Hz, 50ms-180ms post-“by”; p<0.05, ACC) for [C] as opposed to [D].   
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Taken together, when linguistic context is sufficiently constraining (cataphoric pronoun 

resolution), domain-specific networks seem to play a dominant role.  By contrast, anaphoric 

pronoun resolution and, interestingly, conflicts induced by ‘unforeseeable’ reduced-relative 

clauses engage domain-general conflict resolution processes. 

!

Examples: 

 

Experiment 1 (Anaphora, 20 participants, visual presentation): 

 

[A] Yesterday the king / minister left London after reminding himself / herself about the 

letter. 

 

Experiment 2 (Cataphora, 20 participants, visual presentation)): 

 

[B] After reminding himself / herself about the letter, the king /minister immediately went to 

the 

meeting. 

 

Experiment 3 (syntactic garden path sentences, 32 participants, auditory presentation): 

 

[C] The nurse examined by the doctor was not on duty. 

[D] The nurse that was examined by the doctor was not on duty. 
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Garden path vs. Local coherence: Online processing and offline 

comprehension 
Kiel Christianson1 and Steven G . Luke2 

1University of Illinois, 2University of South Carolina 
 

Garden-path (GP) sentences, such as (1a), have been studied intensely for over four 

decades, yielding considerable insight into human sentence processing and driving the 

development of all major current theories of human sentence parsing. Tabor et al. 

(2004) identified a somewhat different structure: the "local coherence" structure (1c). 

Tabor and colleagues provided evidence showing that processing difficulty arises in 

response to the "merely local coherent" string 'the player tossed' despite the fact that 

preceding sentence content should rule out any parse other than a reduced relative 

structure. One aspect of local coherence (LC) that it is not clear is how much, if at all, 

LC effects differ from GP effects. Descriptively, what distinguishes LC from GPs is 

that in LCs, previous syntactic context should rule out the misparse of the locally 

coherent substring. 

 

(1) a. The player tossed the ball was tackled by the other team. 

b. The player who was tossed the ball was tackled by the other team. 

c. The other team tackled the player tossed the ball. 

d. The other team tackled the player who was tossed the ball.  

e. Did the player toss the ball? 

 

This experiment is to our knowledge the first to directly compare GP and LC 

structures using eye-tracking to examine online processing and comprehension 

questions (1e) to probe interpretation of "ambiguous" (1a, c) and "disambiguated" (1b, 

d) GP and LC sentences. The offline comprehension probes are critical in this analysis 

of the sentence types, as it has been shown that comprehension for other GP structures 

is often well below what is assumed in studies in which only online measures are 

considered (Christianson et al., 2001, 2006; Christianson & Luke, 2011).  

  

The analyses of online data (residualized fixation durations on the critical regions in 

each sentence type, shown in italics in (1)) showed large effects of "ambiguity," with 

elevated reading times on all measures for sentences like (1a) and (1c) compared to 

(1b, 1d), respectively. Most eye movement measures were not significantly different 

between the sentence types, though first fixations on critical LC regions were longer 

than on corresponding critical GP regions. (See Table 1 for descriptive data.) 

 

The offline measures were striking: Participants were well below chance for both 

types of "ambiguous" sentences (19% GP, 14% LC), and did not rise significantly 

above chance even for the "unambiguous" sentences (59% GP, 54% LC). For both 

types of sentences, participants were faster to respond after "ambiguous" sentences. 

Mitigating factors such as differences between the structures and participant-related 

variables will be discussed. 

  

Conclusions: GP and LC structures are processed similarly online, despite their 

structural difference; the results taken together suggest that the parser fails to compute 

a coherent global structure for such sentences, salvaging only a local, "good-enough" 

parse and interpretation (Ferreira & Patson, 2007). Because parsing theories assume 

that the previous structure of the current sentence is a major determinant of the 
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ongoing parse, this result raises questions about both the assumption and theories. 

GP/LC structures do not result in stable interpretations. Precisely what is indicated by 

eye movement patterns traditionally associated with disambiguation/reanalysis must 

be reconsidered in ongoing formulations of future processing theories. 

 

TABLE 1: Descriptive Statistics for Reading and Response Time Data 

Sentence Type Garden Path 

 

 Local Coherence 

Ambiguity Ambiguous  Unambiguous 

 

 Ambiguous  Unambiguous 

 M SD  M SD  M SD  M SD 

First Fixation Duration 236 54 
 

232 36 
 

 
259 58 

 
230 48 

Gaze Duration 449 141  406 118  332 84  278 90 

Go-Past Time 879 503 
 

611 330 
 

 
630 387 

 
417 217 

Total Time 1272 477  586 358  1147 652  801 431 

Question RT 2492 732 
 

2737 691 
 

 
2870 898 

 
2967 903 
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Structural change revisited: An ERP comparison of reanalysis difficulty in 
two locally ambiguous constructions 
!ükrü Barı" Demiral and Patrick Sturt 
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Previously, Sturt et al. (1999) showed NP/Z(ero) (1a) garden-path sentences caused slower 
reading times than NP/S(entence complement) (1b) sentences, relative to controls. This 
might have been due simply to quantitative differences in processing difficulty; related to the 
final structure to be constructed (aka monotonic/non-monotonic construction hypothesis), or 
alternatively, it might have been due to qualitative differences in the processes required to 
resolve the garden-path, related to the fact that the NP/Z garden path requires the closure of 
the current clause while the NP/S does not. We used ERPs to measure the magnitudes of the 
reanalysis related P600 effect in the 550-800ms time window, and then contrasted the ERP 
amplitudes by using linear mixed effects models. If there are merely quantitative differences 
in processing difficulty between the two sentence types, then we would observe a P600 for 
both GPs, with a larger amplitude for the NP/Z. In contrast, if the complexity were due to the 
closure of the initial clause and not the complexity of the final structure, then we would 
observe a P600 effect only for the NP/Z corresponding to the syntactic closure (Hopf, Bayer, 
Bader, & Meng, 1998).  
 
Our 2x2 factorial design consisted of Factors Ambiguity (Ambiguous vs. Unambiguous) and 
Clause-Type (NP/Z vs. NP/S). Each subject was presented (RSVP; 300ms stimulus duration 
and 200ms ISI) with two sentences per set from 40 sets, leading to a total of 80 critical 
sentences (20 sentences per condition.) Subjects also read 96 filler sentences. ERP analysis 
showed that on the subset of right and left posterior-parietal electrodes i) there was a 
dominant P600 effect for the ambiguous NP/Z condition (loglik= -8795.9, !2(1)=4.05, t=-
2.1, Pr(!2)=.04, for the Unambiguous condition on parietal electrodes), ii) the P600 effect 
was missing for the NP/S, and instead there was a small but significant negative shift on the 
posterior-parietal electrodes (Figure1), iii) there were major individual differences in 
ambiguity resolution for both clause types found by the best fitting model being the one 
where fixed effects were introduced within the random effects part of the lmer function (for 
NP/Z clauses; left-temporal: loglik=-8417.2, !2(2)=7.03, Pr(!2)=.02; right-parietal: loglik= -
8492.2, !2(2)=8.51, Pr(!2)=.01, and marginally for NP/S clauses; right temporal-parietal: 
loglik=-8574.9, !2(2)=5.18, Pr(!2)=.07),  iv) for both clause types there were two “partially” 
overlapping groups of individuals, one group showing N400 for the reanalysis, and the other 
group showing P600. 
 
Our results indicate that there are qualitative differences between the two garden path types, 
as well as individual differences among participants. NP/Z ambiguities can elicit a 
reanalysis/closure related P600 effect, but for some individuals reanalysis induces only an 
N400, and not a P600, similar to some previous findings (Demiral & Ferreira, 2011; 
Osterhout, 1997). The existence of an (individually oriented) N400 effect for the reanalysis 
accompanied by a late parietal negative shift for the NP/S group is in line with some of the 
previous studies reporting syntactic N400 effects (Hopf, Bader, Meng, & Bayer, 2003; Hopf, 
et al., 1998). For the NP/Z sentences, revision of the completed/closed subordinate clause 
could induce P600, but for the NP/S conditions P600 effect disappears, probably because 
there is no strong closure commitment to be made. 
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1a. NP/Z: [Because the employees negotiated(,)] SubClause [the technical contract would be 
changed very soon.] MainClause     
1b. NP/S: [Probably the employees understood (that) the technical contract would be 

changed very soon.] MainClause    
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Figure1. The difference waves of (A) NP/Z ambiguous versus unambiguous 
conditions (ZA-ZU); and (B) NP/S ambiguous versus unambiguous condition (SA-
SU) on electrode P3. 
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Task effects in relative clause attachment in English 
Daniela Zahn & Christoph Scheepers 

Institute of Neuroscience and Psychology, University of Glasgow 

d.zahn@psy.gla.ac.uk 
 

Attachment disambiguation in a NP1-NP2-RC structure has received much attention in 

the psycholinguistic literature (e.g. Cuetos & Mitchell, 1988; Carreiras & Clifton 1993; 

Gibson & Schuetze1999; Hemforth et al., 1998; Desmet, Brysbaert & De Baecke 2002; 

Scheepers 2003). However, if such disambiguation cues are unavailable, listeners may 

draw upon other information sources such as prosody. Indeed, prosodic structure does 

influence how listeners interpret syntactically ambiguous utterances. It has been shown 

that the absence or presence of a strong phrase boundary (IPH) can act as a cue to 

resolve different attachment ambiguities (Lehiste 1973; Price, et al.1991; Schafer, 

1997; Carlson, Clifton & Frazier, 2001; Snedeker & Casserly, 2010). The experiments 

presented here were designed to compare the effectiveness of prosodic and semantic 

cues in relative clause (RC) attachment. Twenty-four items like 1 (a. – c.) were used.  

(1) a. John talked to the mother of the girl -IPH- who was standing next to him. 

 b. John talked to the mother of the girl who was standing next to him. 

 c. John talked to the mother of the girl who was wearing a moustache. 

 d. John talked to the mother of the girl who was wearing a skirt. 

(1a,b) were disambiguated prosodically. The presence of the IPh before the RC 

indicated high attachment (HA) and absence low attachment (LA). (1c,d) were 

disambiguated via plausibility cues (no IPH present). A norming study showed that 

RCs in (1a,b) were equally plausible in combination with NP1 and NP2, and that RCs 

in (1c) and (1d) were more plausible in combination with NP1 and NP2, respectively. 

The prosodic manipulation was verified via an acoustic analysis of the pre-boundary 

syllable duration and the F0 at the offset of NP2. 

In Experiment 1, participants were presented with spoken sentences like (1a-d), and 

they indicated their interpretation after each sentence in a forced choice task e.g. Who 

stood next to her/was wearing a moustache/skirt? The father < > The girl. It was found 

that both prosody (1a,b) and plausibility (1c,d) significantly biased participants’ 

judgments towards the appropriate attachments, but that plausibility was a stronger 

disambiguation cue than prosody, possibly because the task gave plausibility cues an 

advantage (e.g. whether the girl was wearing a moustache could be decided even 

without considering the spoken sentence). 

Experiment 2 employed a syntactic priming paradigm. The spoken sentences in (1) 

were used as primes, followed by written target sentence fragments (e.g. The tourist 

guide mentioned the bells of the church that …) to be completed verbally by 

participants. Log-linear analyses of participants’ target completions indicated very clear 

priming effects (more HA after HA primes, more LA after LA primes) for both 

semantic (1c,d) and prosodic (1a,b) primes. There was no indication of plausibility cues 

being more effective for priming than prosody cues.  

This suggests that with an implicit, unbiased task, prosody and plausibility are 

equally effective cues for relative clause attachment. 

 
Word count 488 
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Plural attraction in attachment ambiguity 
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In English, subjects and verbs agree in number. However, speakers sometimes erroneously 

produce a plural verb that agrees in number with some other noun in the sentence rather than 

the subject noun, as in “ The key to the cabinets were…” (e.g., Bock & Eberhard, 1993; Bock 

& Miller, 1991). These are called “attraction” errors. Wagers et al. (2009) argue that the 

confusion that leads to plural attraction arises at the point of trying to identify the verb’s 

subject in the memory representation of the sentence so far. However, it remains unclear 

whether a search for the subject is triggered whenever a verb is encountered, or only when 

features of the verb do not match those predicted for it based on the features of the subject 

noun. This study examines mechanisms underlying agreement processing using temporarily 

ambiguous structures such as The reporter shocked the advisor of the politicians who was at 

the meeting.  

 

Four different versions of each critical sentence (see (1) below) were generated by 

manipulating whether it was disambiguated toward a low (1a,b) or high (1c,d) attachment 

interpretation and whether the attractor noun was plural (1a,c) or singular (1b,d). Sentences 

were presented in word-by-word fashion in the center of the screen while event-related brain 

potentials (ERPs) were recorded. After each sentence, participants judged its acceptability. 

 

Most previous studies have shown a preference for low attachment in English sentences like 

(1) (e.g., Cuetos & Mitchell, 1988), with the relative clause modifying the low noun.  If 

retrieval of the subject’s number occurs only when the prediction about the verb’s number is 

contradicted, there should be no attraction effects in the low attachment structure because the 

verb agrees with the low noun as expected. In contrast, if subject retrieval occurs whenever 

verbs are encountered, there should be plural attraction effects in sentences with both kinds of 

attachment. Because two nouns that are both syntactically legal subjects strongly compete to 

control agreement, features like plurality have a better chance to interfere with agreement 

processing in both kinds of attachment structures.  

 

Consistent with the low attachment preference for English, we found a P600 effect 500-

900ms after the onset of the relative clause verb when it disambiguated toward the high 

attachment structure. The effect of attractor number appeared as a frontal negativity 300-

900ms after verb onset, with greater negativity at prefrontal electrode sites when the attractor 

noun was plural than when it was singular. This pattern suggests that the plural attractor noun 

increased the demands imposed by having to select among multiple candidates for subject 

status (van Berkum et al., 1999). However, this effect did not interact with attachment type, 

ruling out the prediction-based account. 

 

The results support the view that agreement processing always involves a cue-retrieval 

process in which the features of the subject are re-accessed at the verb. In temporarily 

ambiguous structures like (1), the retrieval mechanism results in interference from a plural 

attractor, which leads to confusion about which noun is the subject, even though verb number 

fully disambiguates attachment.  
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(1) a. Low attachment, plural attractor 

   The reporter shocked the advisors of the politician who was at the meeting.  

b. Low attachment, singular attractor 

    The reporter shocked the advisor of the politicians who were at the meeting.  

c. High attachment, plural attractor 

    The reporter shocked the advisor of the politicians who was at the meeting.  

d. High attachment, singular attractor 

    The reporter shocked the advisors of the politician who were at the meeting.  
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Introduction: The number of a local noun included in a modifier to the subject head can 

interfere with the agreement process resulting in subject-verb number !"#$$%$&'()!''#!*'+,&(

$##,#-.(/0,*1(2(3+44$#5(677689(:;%<$#(!''#!*'+,&(+&(-;<=$*'-verb relations has been widely 

studied in language production (e.g., Franck, et al., 2006; Hartsuiker, et al., 2001) and 

comprehension (e.g., Nicol, Forster, & Veres, 1997; Pearlmutter, Garnsey, & Bock, 1999; 

Wagers, Lau, & Phillips, 2009). Bock, Eberhard, and Cutting (2004) revealed that similar 

number attraction effects occur in the production of subject-verb and antecedent-pronoun 

(subject) agreement relations. However, only two papers have explored the 

neurophysiological mechanisms underlying these effects in subject-verb agreement: Kaan 

(2002) observed a larger P600 component (i.e., difference wave between grammatical and 

ungrammatical conditions) in the number-match condition compared with the number-

mismatch condition. In contrast, Severens, Jansma and Hartsuiker (2008) observed a P600 in 

the noun number-mismatch conditions (i.e., difference wave between grammatical and 

ungrammatical conditions) and a N400 in the noun number-match conditions (the P600 

component is assumed to reflect repair or reanalysis processes after real or apparent syntactic 

violations, while the N400 component is assumed to reflect semantic incongruencies). 

However, no study has so far reported on object-clitic pronoun agreement attraction. We 

explored the electrophysiological responses of number attraction effects on object-clitic 

pronouns in Spanish.!

Method: In a grammaticality judgment task, 46 native Spanish speakers were presented 

(word-by-word) with sentences containing a singular object-NP with a local noun that 

matched (la montaña) or mismatched (las montañas) in number with the head noun (la casa). 

Sentences were either grammatical or ungrammatical, depending on whether they contained 

an object-clitic pronoun that agreed or  not in number with the preceding object-NP (e.g., La 
pastora dijo que la casa de la(s) montaña(s) la / *las visitó en invierno [The shepherdess said 

that the house in the mountain(s), she visited it / *them in winter]). ERPs (32 electrodes) and 

grammaticality judgment task responses were registered.!

Results: Number attraction effects were found in both behavioral and electrophysiological 

data. In the grammaticality judgment task, participants were significantly slower (only for 

grammatical sentences) and less accurate (for both grammatical and ungrammatical 

sentences) in number mismatch than match conditions. More interestingly, at the critical 

word position (la vs. *las clitics; 'it' vs. 'them'), different ERP patterns related to 

grammaticality effects were reported for number match (a fronto-central N400 followed by a 

P600) and mismatch (only a P600 component) conditions (see Figure). !

Conclusions: Our data suggest that the electrophysiological responses related to number 

attraction effects during the encoding of subject-verb and object-clitic pronoun agreement 

relations are similar: both types of relations reveal N400 and P600 components. Furthermore, 

the absence of N400 components in number mismatch conditions indicates that number 

attraction effects have a deep impact on early (considered automatic) stages of agreement 

computation, whereas later comprehension processes seem to remain unaffected.!
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Backward licensing of NPIs in Dutch: an ERP investigation 
Leticia Pablos, Jenny Doetjes, Bobby Ruijgrok & Lisa L. Cheng 
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Contact: l.pablos.robles@hum.leidenuniv.nl 
 

The backward licensing of dependencies constituted by a Negative Polarity Item (NPI) and 

negation has received little attention in the processing literature [1]. NPI-negation dependencies 

can be used to know if the same active search mechanism at work both in wh-gap [2, 3, 4] and 

backward anaphora dependencies [5, 6] is triggered in NPI dependencies. The present study 

examined whether the parser triggers a search for a licensor (e.g. negation) immediately upon 

encountering an NPI in Dutch. 

 

The experimental sentences were in Dutch and contained the NPI ook maar iets within an 

embedded sentence; the NPI linearly preceded negation even though negation was in a 

structurally higher position in the matrix clause. We tested whether the processing of NPI-

dependencies is affected by the distance from the NPI to negation. In addition, the increase in 

distance occurred at different positions in the sentence (main clause and embedded clause) to 

evaluate whether it affected the parsing of the sentence differently. We predicted that increasing 

the distance at the embedded clause where the NPI is contained -as in (1b) and (1c) - would be 

less costly for the parser than increasing the distance at the main clause right after the copula is - 

as in (1d) and (1e). 

 

Previous studies that looked at the processing of wh-dependencies [7, 8, 9] in which they 

manipulated the distance between the wh-word and the gap found: (i) Sustained anterior 

negativities associated with maintaining the wh-word in working memory and (ii) a P600 for the 

completion of the wh-dependency. If NPI-neg dependencies are processed similarly to wh-

dependencies analogous components could be elicited in our study. 

 

We conducted an ERP experiment where EEG was continuously recorded while native speakers 

(n=24) of Dutch read silently 35 sentences such as (1a-e) interspersed with 35 fillers and 

answered a comprehension question for every sentence. ERP results show that negation niet  

evoked a central anterior negativity in the time window 200-600 ms at all conditions with respect 

to (1a) (significant interaction of factors Condition and Position (Anterior, Central, Posterior); 

F(8,184)=2.554; p=0.038). This negativity was bigger in amplitude at (1d) (A>D; p<0.001) and 

(1e) (A>E; p<0.001) where the extra material was included after the main verb is when 

compared with (1b) (A>B; p=0.0023) and (1c) (A>C; p=0.0046) where the extra material was 

included after the NPI in the embedded clause. 

 

Results show that there is a search started for a licensor when there is an NPI in the input which 

cannot be licensed otherwise. Increasing the linear and the hierarchical distance between the NPI 

and its licensor creates disruption in processing. This is shown by the amplitude of the central 

anterior negativity elicited in (1b),(1c),(1d) and (1e) conditions at negation. The anterior 

negativity increased in amplitude as material was inserted in the main clause with respect to 

sentences where material is inserted in the embedded clause, indicating an increase on the 

parsing difficulty.  
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Experimental items: 

1a. [Dat de man ook maar iets gezegd heeft] is niet waarschijnlijk.  

     That the man anything said has is not probable. 

 

1b. [Dat de man ook maar iets over zijn problemen gezegd heeft] is niet waarschijnlijk.  

     That the man anything  over his problems said has is not probable. 

 

1c. [Dat de man ook maar iets over zijn problemen tegen zijn moeder

 gezegd heeft] is  niet waarschijnlijk.  

That  the man anything  over his problems to his mother

 said  has is  not  probable. 

 

1d. [Dat de man ook maar iets gezegd heeft] is in dit geval niet waarschijnlijk.  

That the man anything said has is in this case not probable. 

 

1e. [Dat de man ook maar iets gezegd heeft] is in dit geval

 om verschillende redenen niet waarschijnlijk.  

That  the man anything said has  is in this case

 for different reasons not  probable. 
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Previous research showed that rehearsal of spatial locations by means of covert attention 

allocation improves spatial working memory (e.g. Awh & Jonides, 2001; Fischer, 2001). By 

recording eye movements as an indicator of overt deployment of visual-spatial attention, this 

study investigates this rehearsal effect for the first time during memorising multiple 

instructions in an assembly task. In particular, we examined whether eye movements towards 

task-relevant objects during and after the presentation of sequential verbal instructions and 

before the execution predict their successful completion.  

In two eye tracking experiment, participants heard strings of between two and six instruction 

components. Each instruction component was of the form “Move the [object] to [goal 

location]”. In Experiment 1, the instructions had to be executed immediately on a monitor by 

manipulating objects in a numbered grid with a mouse. In Experiment 2, an additional 6s 

retention interval was added between the presentation of instructions and the start of the 

execution. Participants were all naive with respect to the purpose of the experiment. 

In Experiment 1, we discovered that participants fixated mentioned objects and goal locations 

during the presentation of their verbal references. These results confirm earlier findings in the 

visual world literature (e.g. Cooper, 1974). Furthermore, as instruction complexity increased, 

attention was divided between all previously mentioned objects and goal locations. However, 

the time spent on objects and goal squares decreased with each following instruction 

component. The reason for this eye movement pattern was that participants returned to 

previously encoded components. This active rehearsal behaviour broke down after 3-4 

instruction components, which coincided with the average limit of executed instruction 

components. Furthermore, there was a strong correlation between re-fixating mentioned 

objects and locations on the one hand, and correctly executing the instructions on the other 

hand. In Experiment 2, active rehearsal behaviour was also detected during the retention 

interval which correlated even stronger with the correct execution of instruction components.    

In conclusion, we showed that overt attention is directed towards multiple objects during 

encoding of complex instructions to mentally simulate the execution of these instructions. 

Moreover, we found a limit in the number of objects that could concurrently be rehearsed, 

and this limit predicted performance of participants in subsequent execution. This 

interrelation between overt attention and memory performance suggest an embodied nature of 

cognition, according to which our sensory and motor capacities shape our cognitive 

representations and abilities. 
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Context breeds false recognition for indeterminate sentences 
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Over the last decade, there has been considerable debate concerning the processes 

governing the comprehension of indeterminate sentences such as (1a), and how they might 

come to be semantically enriched such as in (1b).  

(1) a. Mary began the book.  ! b. Mary began reading the book.     

A major theme in this debate concerns the role of context in facilitating comprehension. 

Research typically shows that indeterminate expressions engender processing costs at 

postverbal positions when sentences are presented in isolation (e.g., McElree et al., 2001), but 

that a sufficiently supporting context is capable of attenuating this cost (de Almeida, 2004). A 

plausible explanation for this observation is that context facilitates comprehension of 

indeterminate sentences by supporting inferential processes. This view lies in contrast to the 

coercion hypothesis, for which indeterminate sentences are enriched by default as a function 

of retrieving internal properties of the nominal book (e.g., Pustejovsky, 1995). Researchers 

endorsing the coercion hypothesis have argued that context reduces the cost of indeterminacy 

only when it obviates the coercion operation ! i.e., when the indeterminate verb-phrase (VP), 

or the underspecified event, is explicitly described in the preceding discourse (Traxler et al., 

2005).  

Here, we report two studies in which we investigated whether a strongly biasing context 

facilitates comprehension of indeterminate sentences, even when the indeterminate VP and 

the underspecified event are not included in the discourse. A central goal of our experiments 

was to move from the traditional emphasis on the costs of indeterminate sentence processing, 

and focus instead on the content of their enrichment. In order to access the semantic (or 

pragmatic) representations that participants assigned to these sentences, we employed a 

sentence recognition paradigm introduced by Sachs (1967).  

In Experiment 1, 72 participants listened to 24 passages of continuous discourse such as 

(2), which included an indeterminate sentence supported by a strongly biasing context (2a) 

followed by several sentences of neutral discourse (2b). At either 0 or 25 seconds following 

presentation, participants were presented with one of three probe sentences such as those in 

(3) and were asked to indicate whether they recognized the sentence verbatim from the 

passage.  

(2) a. Context: Lisa had been looking forward to the new Grisham novel ever since it 

 came out. She had finally managed to set aside some time this weekend and made 

 sure to make  her home library nice and cozy. First thing Saturday morning, Lisa 

 curled up on the sofa in her library with a blanket and a fresh cup of coffee. With 

 everything in place, Lisa began the book. [Immediate probe point (0s)] 
 b. Neutral discourse: Suddenly, the doorbell rang"#$[Delayed probe point (25s)] 
(3) a. Identical/Indeterminate: Lisa began the book.  

 b. Contextually biased foil: Lisa began reading the book.  

 c. Contextually unbiased foil: Lisa began writing the book.  

The discourse contexts were designed to bias interpretations of the indeterminate 

sentences by triggering inferential processes ! %"&"'$()$&*+,(-%*.%/0$+.&$*1(2&3+4*$%/+&/+%5/$+5$

perform a particular activity, without explicitly stating so. The probe sentences were either 

identical to the original indeterminate sentence (3a), a foil sentence that specified the 

contextually-biased activity (3b), or one that specified a contextually unbiased alternative 

(3c). We predicted that context would support interpretation of indeterminate sentences to 
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such an extent that following a 25 second delay, participants would falsely recognize 

contextually-biased foils such as (3b) as the sentence they heard in the discourse.  

We found that while participants were able to accurately discriminate the probe sentences 

immediately after presentation (all means ! 95% correct), they falsely recognized biased 

probes 25 seconds later (MD=.44), t1(71)=12.85, p<.001, t2(23)=10.78, p<.001 and reported 

being 71% confident that the biased foil was the sentence they heard. Such false recognition 

was dependent on the discourse context as participants were able to reject unbiased probes 

with 89% accuracy (MD=.39); t1(71)=9.62, p=.000, t2(23)=12.66, p<.001 and 80% confidence 

(Figure 1A).   

 

 
F igure 1. Mean recognition accuracy (i.e., proportion of correct responses) by condition for Experiment 1 

(Panel A) and Experiment 2 (Panel B). Mean level of expressed confidence is presented at the base of each bar.   
 

In Experiment 2 (Figure 1B), a separate group of 72 participants listened to the same 

passages, but were presented with an alternative set of probe sentences such as those in (4). 

These probe sentences were different from that of Experiment 1 in that the aspectual meaning 

of the original indeterminate sentence (i.e., that an event began, continued, or finished) was 

not fully preserved in the foil sentences (4a) and (4b). This minor change in aspect 

diminished false recognition of contextually biased foils to 21% (compared to 49% in 

Experiment 1). Thus, our Experiment 2 demonstrated that false recognition truly reflected the 

"#$%&'()*+)*%*,&-&$.,(./(&0*(indeterminate sentence, as a semantic (aspectual) deviation from 

the content of the base sentence per se (as opposed to the broader discourse) dramatically 

reduced the effect observed in Experiment 1. 

(4) a. Contextually biased foil: Lisa read the book.  

 b. Contextually unbiased foil: Lisa wrote the book.  

In sum, the present results demonstrate that a strongly biasing context facilitates 

comprehension of indeterminate sentences to the extent that individuals incur false memories 

for contextually biased distractors. This effect is observed even when the event is not 

explicitly described in the discourse, indicating that inferential processes are driving 

comprehension.   

 

References: 
De Almeida, R. G. (2004). The effect of context on the processing of type-shifting verbs. Brain and language, 

90, 249-61. 

McElree, B, Traxler, M J, Pickering, M J, Seely, R. E., & Jackendoff, R. (2001). Reading time evidence for 

enriched composition. Cognition, 78(1), B17-25.  

Pustejovsky, J. (1995). The Generative Lexicon. Cambridge, MA: The MIT Press. 

Sachs, J. S. (1967). Recognition memory for syntactic and semantic aspects of connected discourse. Perception 
& Psychophysics, 2, 437-442. 

Traxler, M. J., McElree, B., Williams, R. S., & Pickering, M. J. (2005). Context effects in coercion: Evidence 

from eye movements.  Journal of Memory and Language, 53(1), 1-25. 
 

AMLaP2011-PosterSession1
111



Subanalysis of complex inflectional markers: An ERP study on the 

processing of morphological information 
 

Stefanie Regel
1
, Andreas Opitz

2
, Gereon Müller

2
, and Angela D. Friederici

1 

1
Max Planck Institute for Human Cognitive and Brain Sciences, 

2
University of Leipzig 

contact: regel@cbs.mpg.de 
 

 

In languages with a relatively free word order, such as German, inflectional morphological 

markers are crucial for phrase structure as well as sentence structure building. Thereby the 

occurrence of particular inflectional markers is grammatically constrained by agreement rules 

with respect to gender, case and number of a noun. While German noun inflection is formed 

regularly by affixation of a particular grammatical morpheme to the word stem, in some cases 

complex morphological marker occur representing several grammatical categories. For 

example, nouns in dative plural context, e.g. ‚Kindern’ (children), are marked by the affix /-

rn/ that conveys both plural and case marking. In current models of morphology such 

complex inflectional markers are often subanalyzed in terms of their surface form into 

independent markers like that for plural, e.g. /-r/, and for case, e.g. /-n/ (Alexiadou & Müller 

(2008), Wiese (1999), Müller (2007)). However, it is still unclear whether the processing of 

complex inflectional markers is indeed rule-based by analyzing independent markers, or 

whether complex markers are processed rather holistically. In the present study we examined 

this question exemplarily for the German dative plural marking by using event-related brain 

potentials (ERPs). ERPs are highly time sensitive measures that allow an on-line 

investigation of neurocognitive processes involved in language comprehension. An ERP 

component related to (morpho)syntactic analysis is the left anterior negativity (LAN) 

(Friederici et al. (1996), Penke et al. (1997)), which we would expect to emerge in case the 

processing of complex inflectional markers is indeed rule-based. In order to investigate 

subprocesses underlying the processing of inflectional markers, we compared ERPs during 

reading of German nouns inflected for accusative and dative plural. For all nouns chosen as 

stimuli plural is formed regularly by affixation of /–s/ in all cases (thus lacking any additional 

case marking in dative). Nouns were embedded in prepositional phrases requiring either 

accusative or dative, e.g. ‚...ohne dieACC/mit denDAT Kartons...’(with/without cartons). They 

were manipulated by affixation of the /–n/ plural form, e.g. ‚*...ohne dieACC/mit denDAT 

Kartonen...’. All phrases were presented in a sentential context. Native German participants 

read sentences containing either a correctly or incorrectly inflected noun, and were ask to 

perform a grammaticality judgment. For dative plural contexts, ERPs on the critical noun 

showed a LAN component followed by a late positivity (P600) for incorrectly inflected nouns 

(i.e. dative plural /–n/ marking) compared to the respective correct plural marking (i.e. /–s/). 

In contrast, we obtained no such LAN effect when comparing nouns with the incorrect 

marking (i.e. /–n/) in accusative plural contexts. Still, the incorrect accusative plural marking 

evoked a P600 component (see Figure). This pattern of ERP results is in accordance with the 

notion of a rule-based processing of complex inflectional markers. While affixation of /-n/ 

seems to be analyzed as a regular, independent inflectional marker in dative plural contexts 

(indicated by an enhanced LAN), no such morphological analysis processes were observed 

when this marker occurred in the accusative case. Thus, the findings support a fine-grained 

morphological subanalysis of complex inflectional markers and ask for an extension of 

current rule-based processing models.  
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Figure. Grand average ERPs elicited by correctly (blue line) and incorrectly (red line) inflected nouns in dative 

plural context (left side) and accusative plural context (right side). The topographic maps on the right column of 

each side show the scalp distribution of the ERP effects related to the inflectional violation in the respective 

plural context. 
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A saucer or a plate: Do word frequency and word length influence 
the outcome of lexical competition in language production? 
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Semantic paraphasias (slips of the tongue) naturally occurring in Russian normal speech were 
analyzed for word frequency, word length, target-error co-occurrence strength, and word 
association norms. The analyses involved 1191 speech errors collected by recording everyday 
conversations, telephone conversations, and live TV and radio programs.  
 
The target-error pairs of nouns were classified as either “taxonomically related (category 
coordinates)” (TARGET: I want to get you a saucer ! ERROR: …a plate) or “non-
taxonomically related” (TARGET: She will wear this coat in winter, too ! ERROR: …at 
night…) by 20 undergraduate students of linguistics and 4 professional linguists.  
 
Previous studies of semantic substitution errors in normal speech (Hotopf 1980; del Viso et 
al. 1991; Harley & MacAndrew 2001) failed to discover any significant frequency difference 
between target words and their semantically related substitutes. However, Russian speech 
error evidence suggests that whether such a difference exists depends on the type of 
conceptual-semantic relationship between the target and its substitute. Semantic substitutes 
do tend to be higher in frequency than target words when the target and the substitute are 
non-taxonomically related whereas for taxonomically related target-error pairs, the frequency 
difference is questionable (no significant difference was observed for raw frequency values). 
 

                                                                             
                                                                     
At the same time, there is a strong positive correlation between target frequencies and 
error frequencies in both groups of semantic paraphasias, indicating that target word 
frequency affects the outcome of the error: to successfully compete with a word to be 
produced, a semantically related word has to be of a higher frequency. The data suggest that 
probabilistic information about lexical units may be available at earlier stages of word 
retrieval such as the stage of lexical selection. This finding runs counter to the claim that 
frequency is coded only at the phonological encoding level (Jescheniak & Levelt 1994; 
Jurafsky 2003 etc.). 
  
A comparison of target and error lengths in non-taxonomically related target-error pairs 
shows the substitutes to be significantly shorter than the targets. Multiple regression analyses 
reveal that in this case, both target frequency and target length (measured in syllables but not 
in phonemes) have an impact on error frequency. Conversely, targets that elicit taxonomically 
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related errors appear to be “matched for length” with their substitutes, so word length is not a 
significant variable predicting the outcome of such errors. 
                                                                                                                                                                                                                                                                                                              

                   
 

Taxonomically related target-error pairs were found to have much higher measures of 
associative relatedness and co-occurrence strength compared to non-taxonomically related 
target-error pairs. Consequently, a taxonomically related substitute is more likely to be closer 
to the center of the target’s lexical-semantic field whereas a non-taxonomically related 
substitute is typically a peripheral item that belongs to a cognitive frame evoked by the target.          

                    
 

To conclude, target word frequency is a significant variable affecting the outcome of lexical 
competition particularly when the competing items are non-taxonomically related. Target 
word length seems to matter only when the target competes with a non-taxonomically related 
item. With semantic substitutions of taxonomic type, word length is not significant in 
predicting the outcome of the competition apparently because it is outweighed by the 
speaker’s experience of frequently using the target word together with the competing 
taxonomically related item (resulting in stronger associative links between the two words).  
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Readers experience processing difficulties when reading biased homographs preceded by 

subordinate biasing contexts.  According to the Reordered Access Model (Duffy et al., 1988), 

this is the result of competition between the dominant meaning and the context-instantiated 

subordinate meaning upon reaching activation simultaneously. Attempts to overcome this 

processing deficit by further instantiating the subordinate meaning have often failed to 

eliminate the subordinate bias effect, upholding the conclusion that lexical access is 

exhaustive.  

 

The present study used eye tracking to examine the processing of biased homographs 

preceded by single-sentence contexts that instantiated the subordinate meaning. We varied 

whether this preceding context contained a prior instance of the homograph or a control word 

or phrase.  Having previously encountered the homograph in its subordinate meaning earlier 

in the sentence reduced the subordinate bias effect for the subsequent encounter in both early 

and late eye movement measures. This reduction in processing time was not observed after 

the weaker instantiation of the subordinate meaning in the non-repeated condition. To ensure 

that this reduction in processing time actually reflected a reduction in the subordinate bias 

effect and not simply a benefit of recent lexical access through repetition, we compared these 

reductions in reading times to conditions in which the dominant meaning was instantiated by 

preceding context that included either the homograph or a control word or phrase.  We found 

no significant differences in processing times for the dominant conditions as a function of 

repetition, supporting the idea that the observed reductions in processing times for the 

subordinate conditions actually reflect a mediation of the subordinate bias effect.  

Additionally this supports our conclusion that it is possible to create a strong enough biasing 

context to reduce the subordinate bias effect within a single sentence frame.  Furthermore, we 

see that mediation of the subordinate bias effect is due to more than simple semantic or 

repetition priming.  By using dominant conditions with equal degrees of repetition priming 

(repeated condition) and semantic priming (non-repeated condition) as our basis for 

comparison, we have attempted to control for this basic effect of priming and examine the 

effect of biasing context strength alone. 

 

 

  

 

 

Example. 
 

Subordinate.!"#$%#!&#'!()*+,-!.)/!#!0),1)!),!2(3!.)4/2(!'2)/$5.%))/6!742!

2(3!73'2!2(3$!(#1!&#'!2(3!2(+/1!!"#$%!')!'(3!1+1,82!74$!+29!
!

Dominant.!:2!,+-(2!;438'!<)<!/3#1'!(3/3!#!'2)/$57))=!73.)/3!7316!742!

%#'2!,+-(2!2(3$!1+1,82!/3#1!#!!"#$%!'+,03!'(3!&#'!+,!2/)47%39!
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There are different and contrasting data about the role of grammatical class information in the 

picture-word interference paradigm. In a seminal study, Pechmann & Zerbst (2002) asked 

participants to name target pictures of objects in presence of distracter words that could be 

either nouns or adverbs. Participants had to name the pictures with definite determiner noun 

phrases. Results evidenced that participants were slower in presence of noun distracters 

compared to adverbs. However, in a recent study, this hypothesis has been challenged by 

Janssen, Melinger, Mahon, Finkbeiner, Caramazza (2010). According to the authors the 

effects observed in the previous studies are due to a semantic effect of imageability of nouns 

compared to adverbs. In a picture-word interference experiment, they selected pictures of 

objects to name with nouns and orthogonally manipulated word class (nouns vs. verbs) and 

imageability (low vs. high imageability) of the distracters. The results evidenced that 

distracters imageability but not word class affected naming latencies. 

We decided to clarify the role of grammatical class and imageability in two picture-word 

interference experiments. In the first experiment, participants had to name pictures of actions 

with verbs in the infinitive form (e.g. sciare, to ski). Pictures were paired with syntactically 

related distracters, verbs (e.g. dormire, to sleep), or unrelated distracters, nouns of object (e.g. 

tavolo, table). Distracters were balanced for semantic and lexical factors as imageability, 

frequency and length. Results evidenced that participants were slower when they had to 

produce a verb in presence of a distracter verb than in presence of a distracter noun. 
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However, as in the related condition targets and distracters both belonged to the semantic 

category of actions, these results could also be explained as a semantic effect. In order to 

avoid this possible confounding between grammatical and semantic effects, a second 

experiment was run. Pictures of objects were selected to be named with nouns (e.g. chiesa, 

church). Each picture was paired with a distracter that could be either a noun denoting an 

action (e.g. risata, laughter) or a verb (e.g. ridere, to laugh). As in experiment 1, distracters 
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were balanced for semantic and lexical factors. Results evidenced that participants were 

slower when they had to produce a noun in presence of a distracter noun compared to a verb.  
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As the related distracter was grammatically a noun but semantically an action, the effect 

observed suggests a word class effect. In addition, the results evidence that grammatical class 

distinction cannot be always explained on a semantic base account (e.g. imageability). 

However, before drawing conclusions about the role of grammatical class effects obtained by 

means of the paradigm and their implications for the current models of lexical production 

more experiments are in order.  
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An enduring challenge in psycholinguistics is modeling the relationship between storage and 

computation of multiword expressions in the mental lexicon. While there has been 

considerable research on noncompositional idioms and fully compositional sentences, less is 

known about phenomena between these two extremes. One such phenomenon is light verb 

constructions (LVCs). Compare a truly compositional sentence like “Jan gives Elsa a rose” to 

an LVC like “Jan gives Elsa a kiss”. Whereas in the non-light sentence, Jan is the Theme, 

Elsa is the Recipient and the rose is the Theme, in the LVC the semantic roles are different: 

Jan is the “kisser”, and thus the Agent of kissing, Elsa is the person kissed, and the kiss is 

part of the complex predicate. “Kiss” is assigning semantic roles itself, and is not a typical 

Theme like “rose”. 

 

One theoretical approach to LVCs is to list each construction as a unit in the lexicon, with its 

idiosyncratic syntax and semantics [1]. Another approach presumes that there are lexical 

features on the verb that make it “light” if it combines with an abstract noun. Thus, the 

syntactic structures of light and non-light sentences are the same, and only the semantic roles 

differ [2; 3]. 

 

We used structural priming to disambiguate between the two models, testing if the word 

order of non-light ditransitive constructions was primed by LVCs in addition to non-LVCs. If 

there is shared structure between light and non-light constructions, then their priming 

behavior should not differ. But if LVCs are stored separately, LVCs should prime less than 

non-LVCs. 

 

METHODS: Twenty participants read out loud prime sentences that were either light or non-

light and either employed Double Object word order (DO, “Jan gives Elsa a kiss/rose”) or 

Prepositional Object word order (PO, “Jan gives a kiss/rose to Elsa”). Light vs. non-light 

construction type was manipulated between subjects. After each prime sentence, their task 

was to describe a picture that represented a non-light ditransitive scene. There were 28 sets of 

items, divided into four lists and counterbalanced across subjects. Each list also contained 

150 fillers. To disguise the purpose of the experiment, a distractor memory task was used, 

following Bock & Loebell’s (1990) study [4]. 

 

RESULTS: Our dependent measure was the percentage of DO constructions produced on 

target trials, out of all DO and PO constructions. Both light and non-light DO primes resulted 

in more DO targets compared to PO primes (Figure 1), with a robust main effect of prime 

type  (F(1,54)=30.18, p=.000) that was reliable for both the Light and the Nonlight sentence 

type (Light: F(1,54)=14.14, p=.000, Nonlight: F(1,54)=8.37, p=.005). There was no reliable 

interaction between sentence type and prime type (F(1,54)=.57, p=.451). 

 

CONCLUSIONS: The results indicate that even though the argument structures of LVCs and 

non-light sentences differ dramatically, they both prime non-light targets equally, suggesting 

complete overlap of the structure that is sensitive to priming. To the extent that production 

priming reflects surface syntax [5, 6, 7], we can confirm that these structures share the same 

syntactic structure. 
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Figure 1. Percentage of DO answers out of all ditransitive answers to Light Primes (left 

group) and Nonlight Primes (right group).  
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Studies report that in both head-initial and head-final languages, speakers tend to 

produce sentences that place salient words earlier in a sentence [1][2].  In producing 

sentences with a long phrase, however, the two types of languages diverge: speakers of head-

final languages with flexible word-order such as Japanese show the Long-before-short (LbS) 

tendency, a tendency to position a long phrase before a short phrase [3][4].  The frequency of 

scrambling a long phrase ahead of a short phrase varies across sentence structures in Japanese 

[4][5], suggesting that length-based phrase-ordering may be guided by multiple principles.  

Using the Corpus of Spontaneous Japanese, we investigated whether (i) LbS is motivated by 

a lighter production load, and (ii) speakers make incremental production or advance planning 

for (a) forthcoming phrase(s) in producing structures of different degrees of linguistic 

constraints.  

 

One of the functions of fillers is to signal efforts to formulate utterances [6].  Using 

fillers such as ee, anoo ‘uh, um’ as a measure of production/planning load, we examined 

global/local production loads and how the local production load interacts with the length of 

forthcoming and preceding phrases. High Canonical Structure (HCS), the Transitive structure 

shown in (1), and Low Canonical Structure (LCS), the Locative structure shown in (2), were 

tested. The length of two underlined phrases and the occurrences of fillers before and within 

those phrases were analyzed. When the underlined words receive modification and gain in 

length, the word-order within the pre-nominal modifier clause is mostly flexible in both 

structures.  However in HCS the subject-object is 95% in natural speech and in LCS the order 

of locative phrase before object and reverse order is approximately equal [4]. 

 

(1) High Canonical Structure: Transitive Structure 

John-ga pizza-o  tabeta.    “John ate some pizza” 

John-nom    pizza-acc  ate 

  

(2) Low Canonical Structure: Locative Structure 

(John-wa/ga)    teeburu-ni  pizza-o  oita.    “(John) put the pizza on the table.” 

(John-top/nom) table-loc  pizza-acc  put!

 

The results revealed striking differences between the two structures.  In LCS, there 

were twice more LbS sentences than Short-before-long (SbL).  In contrast, the number of 

LbS and that of SbL structures in HCS were about the same.  As for global production load, 

the Logistic regression analysis revealed that the probability of fillers occurring before and 

within the two phrases was no difference between SbL and LbS in LCS (p>.05), whereas in 

HCS, fillers in SbL occurred more frequently than those in LbS (p<.05).  As for advance 

planning, LCS was incremental in the sense that the length of forthcoming phrases did not 

influence the occurrences of fillers.  In contrast, HCS showed advanced planning because 

before the first phrase in HCS the filler frequency was influenced by the length of second 

phrase, suggesting that speakers were aware of the forthcoming long object phrase as they 

spoke the canonically-motivated subject.  !

 

The LbS tendency was observed for a structure that allows flexible word-order within 
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a clause and within a modifier, and it was unrelated to a production load.  In producing a 

structure with a linguistic constraint (canonicality), LbS tendency was not observed; speakers 

produced SbL with increased production loads and they showed evidence of advance 

planning.  Overall the results indicate that even within a language speakers’ production 

processes are adjusted according to how strongly linguistic constraints require the speakers to 

observe a rigid word-order, and LbS tendency emerges only when speakers have a high level 

of flexibility in arranging words within a sentence and a modifier.  Implications for producing 

languages with high positional requirements such as English are discussed. 
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Animacy is known to play a role in postverbal argument ordering for various languages 

(W02, B08a, B08b). Together with definiteness, pronominality, and shortness, animacy favors 

positioning an argument first. Nevertheless, it is sometimes difficult to distinguish linear 

ordering from grammatical function or semantic role assignment, since those are also subject 

to various factors including animacy (K77). In order to investigate the role of animacy in 

French argument ordering, we limit ourselves to complements of ditransitive verbs with 

object and indirect object nominal complements. Using statistics on treebanks for language 

production and a questionnaire study for language perception, we show that animacy seems to 

play no role in the relative ordering. 

Ordering of postverbal NP and PP complements in French is known to display a preference 

for NP PP (ex1, B28) and to be sensitive to different factors~: length (2), definiteness (3)… 

Given the lack of treebanks for spontaneous spoken French, we randomly extracted 982 

sentences from two newspaper corpora (Le MondeA03, Est Républicain) and a radio corpus 

(ESTER). We observe an average 58% preference for NP PP, with some variation between 

corpora (46.4% for Est Républicain), between verbs (37.8% for montrer - 'to show') and 

between prepositions (28.4% for de - 'of'). We annotated the sentences for relative length of 

NP and PP (log number of words), V-PP collocation, and complement animacy, definiteness 

and pronominality. We annotate Animacy into a binary variable (with ‘animate’ for 'human', 

'animal' and 'organization').  

We built a logistic regression model predicting either ordering (NP-PP or PP-NP), with corpus 

and verb lemma as intercept random effects. We observe two significant effects : relative 

length  (p-value < 2e-16) and collocation (p-value = 0.039). Differently from English and 

German complement ordering (B08a, B08b), animacy shows no reliable preference for early 

position (AnimacyPP p-value = 0.95, AnimacyNP p-value = 0.91) as illustrated on the 

following figure : 
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We then built a second model (CM) removing non significant factors by likelihood ratio test 

(!2 = 0.55), keeping only relative length (favoring short before long), and collocation 

(favoring PP-NP). We computed variable interaction and only one was significant: collocation 

and NP non-animacy (p = 0.012), but with an effect contrary to what would be expected, 

collocation and NP non-animacy voting for NP-PP order.  

In order to neutralize the relative length effect, and give animacy more chances to show up, 

we extracted 23 sentences from our corpora with complements of equal length (1) for our 
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questionnaire study. We tested 25 subjects for preferences between NP-PP and PP-NP 

continuations using a 5 point likert scale (with each order as an endpoint on the scale) and 

coded the results from 1 = strong PP-NP preference to 5 = strong NP-PP preference.  The 

experiment confirms the overall preference for NP-PP order (with average rating 3.5). We 

built a linear mixed model to predict the ratings, with the same predicting variables as the 

corpus study (minus complement relative length, plus subject as random effect). In this 

model, NP definiteness becomes significant (p = 0.02), but pronominality and animacy effects 

remain non significant (animacyNP p = 0.9, animacyPP p = 0.5). Compared to English and 

German, the lack of pronominality effect can be explained by the fact that French has a 

different strategy (preverbal cliticization) for ordering pronominal arguments. But the lack of 

Animacy effect is a major surprise, which should be confirmed with other experiments and 

other constructions, but which nevertheless undermines its supposed universality for 

argument ordering. 

 

Examples 

(1) Pierre fonce dans la nuit porter la bonne nouvelle à sa fiancée (Est Républicain) 

     ‘Pierre runs in the night to-bring the good news to his fiancee’ 

 (2) verser au  fisc les  4,80%  droits d'enregistrement (Le Monde)  

‘give to-the taxes the 4.8% registration rights’ 

 (3) un administrateur provisoire qui proposera aux actionnaires différentes possibilités. (Le 

Monde)  

‘a temporary admistrator who will-propose to-the shareholders different possibilities’ 

 (4) la Banque fédérale d'Allemagne (…) permit de mettre en échec la spéculation. (Le 

Monde)  

‘The German Federal Bank permitted to defeat the speculation’ 

 

!"#$%"&'()*$+&,-.$
Formula: ordre ~ lengthSN-lengthSP + collocatePP + (1 | corpus) + (1 | verbLemma)  

Data: snspoanim  

AIC    BIC  logLik  deviance 

613.9  638.4    -302     603.9 

Random effects: 

Groups     Name        Variance Std.Dev. 

verbLemma  (Intercept) 1.78145  1.33471  

corpus     (Intercept) 0.17067  0.41312  

Fixed effects: 

                 Estimate  Std. Error  z value   Pr(>|z|)     

(Intercept)      -1.2679      0.3238    -3.916     9e-05 *** 

log(lengthSN)-log(lengthSP)         2.8432      0.2071    13.731    < 2e-16 *** 

collocatePP    1.2192      0.4604     2.648    0.00809 **  
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Understanding and producing language requires language users to process the grammatical 

structures of sentences, with the goal of comprehending or expressing meaningful ideas.  

Most natural sentences are both structurally well formed and meaningful.  This allows, but 

does not require, that the processing of structure be supported by  the meaningfulness of the 

sentence.  Three experiments investigate the extent to which language users process the 

structures of sentences independently of the meaningfulness of those sentences.

This issue was explored using a syntactic priming paradigm. In Experiment 1, on each trial, 

subjects (N = 24) (a) heard a prepositional dative or double object prime sentence from the 

experimenter that was more meaningful ("The agent offered [an ad] [to the buyer] / [the 

buyer] [an ad]") or less meaningful ("The seven offered [an embrace] [to the shoe] / [the 

shoe] [an embrace]"); (b) answered a question about it  ("Did the shoe offer an embrace?"); 

then (c) described a meaningful target picture back to the experimenter ("The burglar is 

offering [the book] [to the artist] / [the artist] [the book]"). Prime and target sentences shared 

verbs.  We measured how often subjects produced the same prepositional dative or double 

object structure in their target descriptions that they  heard in the prime sentences.  Results 

showed large priming effects that were about equal after more meaningful (21.4%) as after 

less meaningful (20.0%) sentences, suggesting that structure is processed independently of 

meaning.  (In a separate norming experiment, we assessed the relative meaningfulness of 

prime sentences with an explicit  memory  test [Marks & Miller, 1964]. Subjects had much 

poorer explicit memory for less meaningful sentences.)

It may  be that asking subjects questions about the less meaningful primes imbued them with 

meaning, so in Experiment 2 (N = 24), the questions were eliminated. Priming effects 

diminished somewhat, but were still about equal after more meaningful (17.5%) as after less 

meaningful (14.1%) primes. Another possibility is that repeating verbs from prime to target 

sentences somehow underlies the roughly equal priming that was observed, so in Experiment 

3, primes and targets had distinct verbs. Priming effects (unsurprisingly) were cut in half, and 

whereas numerically, priming effects were larger after more meaningful primes (7.6%) than 

after less meaningful primes (4.7%), statistically these effects did not differ, even after testing 

72 subjects.  Finally, combining data across all experiments did not provide any evidence of 

different levels of priming after the two kinds of primes.

In all, these results show that as assessed by syntactic priming, sentence structures are 

processed similarly  whether they are more or less meaningful. This suggests that we process 

the structures of sentences in a manner that does not depend heavily  on the meaning of those 

sentences.
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Using a structural priming paradigm, the details of sentence production model have been 

investigated substantially, specifically the processes in grammatical encoding level (e.g., [1]). 

Many studies provide evidence that the function assignment stage and the constituent 

assembly stage are processes separately in grammatical encoding (e.g., [2]). However, it is 

less known whether these two stages are interacted with each other during the production 

processes, and if so, how the processes are executed. 

 

In this study, we report a structural priming experiment in Japanese, a relative free word 

order language. Function assignment and word order were manipulated independently and 

simultaneously in order to examine the processes at two stages directly. Our results revealed 

that priming effects patterns were different depending on whether the effects occur at 

function assignment stage or at constituent assembly stage. 

 

In a confederate-participant dialogue-style task, native Japanese speakers (n=33) were 

instructed to describe pictures in turn with a confederate and repeated each other’s 

descriptions. Participants were encouraged to create and memorize a mental image of the 

picture that their confederate described, and they performed a recognition task after each 

block.  

 

To ensure that the observed effects are purely structural in nature, conceptual factors such as 

event type, animacy of NPs, and viewpoint shifts were carefully controlled in the prime/target 

pairs. That is, our experimental items only involved human entities for both agent and patient, 

minimizing the bias of conceptual accessibility. The event type between primes and targets 

was paired among positive, negative or neutral types, in order to eliminate the possibility that 

the event similarity facilitates the use of same viewpoint between the prime/target pairs. The 

prime was either an active or a passive voice sentence with canonical (SOV) or scramble 

(OSV) word order: (1) SOV-active prime, (2) OSV-active prime, (3) SOV-passive prime, and 

(4) OSV-passive prime. A target picture such as (5) was presented immediately after the 

prime.  

 

Voice and word order priming effects were observed even after conceptual factors being 

strictly controlled. The results showed that in SOV-passive responses, voice was interacted 

with word order (p<.05) (Figure 1). More SOV-passive sentences were produced after SOV-

passive primes (6%) than after SOV-active primes (1.6%). Although both function 

assignment and word order were different between the prime/target pairs, the difference was 

also found in active prime conditions – more SOV-passive sentences were produced after 

OSV-active (4%) than after SOV-active (1.6%). The results show the similarity between the 

OSV-actives and SVO-passives that is consistent with previous studies (e.g., [3]), and 

suggest the priming effects might occur outside the grammatical encoding level. In contrast, 

in OSV-active responses only the main effect of word order was significant (p<.05) – more 

OSV-actives were produced after OSV primes than after SOV primes (Figure 2). This result 

suggests that word order determination occurs indecently from function assignment stage, 

after an active voice is selected at function assignment stage. 
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Taken together, our findings suggest that various factors affect and complicate the processes 

at function assignment stage; however, the processes at constituent assembly stage are rather 

straightforward by the syntactic options available in that language. 

 

Examples  

 (1) SOV-active prime: sapootaa-ga  sakkaa sensyu-o ooensi-teiru. 

    fans-NOM  soccer player-ACC cheer 

The fans are cheering the soccer player. 

 

(2) OSV-active prime: sakkaa sensyu-o sapootaa-ga  ooensi-teiru. 

    soccer player-ACC fans-NOM  cheer 

The fans are cheering the soccer player. 

 

(3) SOV-passive prime: sakkaa sensyu-ga sapootaa-ni  ooen-sare-teiru. 

    soccer player-NOM fans-OBL  cheer-PASSIVE 

The soccer player is being cheered by the fans. 

 

(4) OSV-passive prime: sapootaa-ni  sakkaa sensyu-ga ooen-sare-teiru. 

    fans-OBL  soccer player-NOM cheer-PASSIVE 

The soccer player is being cheered by the fans. 

 

(5) target picture   
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[1] Bock, J. K., Loebell, H., & Morey, R. (1992). From conceptual roles to structural relations: bridging the 

syntactic cleft. Psychological Review, 99:1, 150-171. 

[2] Hartsuiker R. J., & Westenberg, C. (2000). Persistence of word order in written and spoken sentence 

production. Cognition, 75, B27-B39. 

[3] Prat-Sala, M., & Branigan, H. P. (2000). Discourse constraints on syntactic processing in language 
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Figure 2. OSV-Active responses in each condition 
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Cascaded Processing in W ritten Word Production: Evidence from a Chinese Colour 
Naming Task 
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In models of spoken production it remains a controversial issue how activation is transmitted 

!"#$""%& '"('")"%#*#+,%*-& -"."-)/& 01"'+*-2& 3,4"-)& *))53"& #6*#& (6,%,-,7+8*-& "%8,4+%7& ,9& *&

word is only carried out after semantic-syntactic selection of the target has been completed. 

This view entails that in word production, only the target activates its phonological 

representation, whereas other lexical candidates which become co-activated during lexical 

selection do not activate their corresponding word forms. By contrast, so-8*--"4&08*)8*4"42&

models hold that phonological representations are activated before the target has been 

selected at the semantic-syntactic level. Hence not only the target, but also other related 

lexical nodes transmit activation to the phonological level. Over the last few years, a number 

of studies have reported evidence which supports the view that activation flows in a cascaded 

fashion within the spoken word production system (e.g., Morsella & Miozzo, 2002; 

Navarrete & Costa, 2005; Meyer & Damian, 2007).  

 

Compared to spoken production, relatively less work has been devoted to investigate the 

processes and mechanisms underlying written production. In tasks requiring written output, a 

8,%8"(#5*-&8,4"&+)&#'*%)9,'3"4&+%#,&,'#6,7'*(6+8&9,'3&:0,'#6,7'*(6+8&"%8,4+%72;<&*&(',8"))&

which is likely based both on a direct transmission route between semantic and orthographic 

representations, and simultaneous input from phonological codes (e.g., Qu, Damian, Zhang & 

Zhu, 2011). With regard to orthographic encoding, a similar question to the one outlined 

above for spoken production can be raised: is activation transmitted between lexical selection 

and orthographic encoding in serial or cascaded fashion? To our knowledge, very little 

relevant evidence exists which addresses this issue. Partially this lack of evidence can be 

attributed to the fact that in alphabetic languages, orthography and phonology are very 

heavily confounded, hence it is difficult to construct studies which could disentangle the two 

variables.  

 

Because in non-alphabetic scripts such as Chinese, orthography and phonology are largely 

dissociated, their corresponding effects can be optimally isolated from each other. The work 

reported below investigated how activation flows between lexical selection and orthographic 

encoding in Chinese written production, and specifically sought to generate evidence for 

cascadedness in written word production. To this aim, we aimed to develop a task which 

$,5-4& *--,$& 5)& #,& 3"*)5'"& ,'#6,7'*(6+8& ('+3+%7& 9',3& *& %,3+%*--=& +''"-".*%#& 04+)#'*8#,'2&

dimension. We employed a colour naming task with written response in which Chinese 

participants were presented with coloured pictures and were asked to write down, on each 

trial, the name of the colours while attempting to ignore the picture and its name as much as 

possible. Words were written on a digital tablet, and we measured the time interval between 

the onset of the colour, and the first contact of the digital stylus with the writing surface 

(written naming latencies). Orthographic relationship between the picture and colour names 

was manipulated in the following way. All colour names were monosyllabic in Chinese and 

hence written as a single character, and all picture names were disyllabic hence consisting of 

two orthographic characters. The colour name either shared a radical with the first character 

of the object names, or did not. There is no any phonological or semantic relation between 

colour and object names. If written production latencies of the colour name are affected by 
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orthographic overlap with the picture name, this would imply that participants involuntarily 

orthographically encoded not only the target colour, but also the object name. Hence, an 

orthographic priming effect would support a cascaded view of orthographic word production. 

Moreover, we manipulated the stimulus onset asynchrony (SOA) interval between picture 

and colour, by either displaying a coloured object (both dimensions are available 

simultaneously; SOA = 0 ms), or by first showing the object in black outlines for a very brief 

period (-300 ms, and -150 ms) before colouring it and hence making the target dimension 

available with a slight delay. SOA was manipulated in order to maximise our chances of 

finding evidence for cascadedness. The result shown in Table 1 suggest that colour naming 

was significantly faster in the orthographically related condition than the unrelated condition 

at SOA = -300 ms and SOA = -150 ms, but not at SOA = 0 ms. The presence of an 

orthographically based priming effect from the distractor object names onto written colour 

naming constitutes clear evidence that nontarget lexical nodes activate their corresponding 

orthographic representation. These findings suggest that activation flows in a cascaded 

manner within the written production system. Additionally, the results speak to how the time 

interval between processing of target and distractor dimensions affects and modulates the 

emergence of orthographic facilitation effects.  

 

Table1. Reaction times in ms and percentage of error in the different conditions 

                         Stimulus onset asynchrony (ms) 

 

 -300 -150 0 

Condition RT PE RE PE RE PE 

       

Related 812  1.3  835  4.8  845  3.9  

Unrelated 857  7.0  863  9.6  843  8.3  

Effect  +45*      +5.7  +28*     +4.8          -2  +4.4  

     

Note. RT = reaction time.  PE = mean error percentage. *p < .05.  
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