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Chapter three  

Long-distance dependency resolution in Persian (I): 

evidence from self-paced reading studies on separable 

complex predicates 

 

 

 

 

 

 

 

 

3.1. Introduction 

In this chapter, we investigate the long-distance dependency resolution in 

Persian complex predicates through two masked self-paced reading 

experiments. In the literature of sentence processing, it is widely believed that 

the distance in a long-distance dependency determines the accuracy and speed 

of its resolution (Fodor, 1978; Gibson, 2000; McElree et al., 2003; Lewis and 

Vasishth, 2005; Levy, 2008); however, what remains a controversial point is 

how lengthening the distance (i.e., intervening materials) might affect this 

accuracy and speed. In this regard, there are two seemingly contradicting 
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explanations, one of which is based on memory and the other one on 

expectation. In the current research, we aim at finding either or both of these 

effects studying Persian separable complex predicates. To our present 

knowledge, this is the first psycholinguistic study in Persian language that 

targets locality and expectation accounts. 

 

3.1.1. Memory-based accounts 

The memory-based explanations consist of two major accounts: the 

Dependency Locality Theory (Gibson, 1998, 2000) and the Activation-Based 

Model (Lewis and Vasishth, 2005; Lewis et al, 2006). According to 

Dependency Locality Theory, the processing difficulty at resolving a long-

dependency depends on integration cost and storage cost. Integration cost 

refers to the increasing number of discourse referents in the intervener. 

Storage cost refers to the number of predicted heads that leads to increasing 

the processing difficulty. As a result, there is a slow-down at the time of 

resolution when the number of intervening words between the head and the 

dependent goes up. This theory is only relevant for sentence comprehension 

processes; however, the Activation-Based Model has a broader cognitive 

approach. This model puts aside the storage cost of Dependency Locality 

Theory while the effects of interferences are still considered (Van Dyke and 

Lewis, 2003; Lewis et al., 2006; Van Dyke and McElree, 2011).  

The activation-based model argues that the linguistic items in memory are 

affected by interference from other linguistic materials. Therefore, it regards 

the source of difficulty in retrieving the non-local argument (i.e., an argument 

which is not close to its head) whose access can be affected by two factors: 

decay of the items in working memory (which means the increased time 

passed from the moment the argument was actually encoded and proposes that 
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memory fades in the passage of time) and similarity-based interferences 

(which are distractors that share similar features with the target argument). 

The idea comes from the original studies on working memory based on which 

the items that we are supposed to remember are more quickly forgotten when 

they are followed by the similar items in some aspects (Shulman, 1970; 

Waugh and Norman, 1965). Hence, increasing similarity can make things 

more difficult. In a recent study, Nicenboim (2014) argues that individuals’ 

working memory capacity affects the processes involved in the dependency 

resolution, that is, the working memory capacity modulates the reading times 

and regressions at the head of long-distance dependencies, as predicted by 

both memory-based accounts (see also, Kings and Just, 1991; Unsworth and 

Engle, 2007; Kuperman and Van Dyke, 2011; Prat, 2011; Traxlert et al., 2012; 

Caplan and Waters, 2013; among others). 

 

3.1.2. Expectation-based accounts 

Another stream of research, so-called ‘antilocality’, is concerned with the role 

of prediction that has always been a major interest in the theories of cognition 

and language processing (Kutas et al., 2011). A classic study by Marslen-

Wilson (1973) showed that the majority of ’constructive errors’ made by 

subjects in a speech shadowing task were ’both semantically and syntactically 

congruent with the preceding context’. This study was one of the earliest to 

demonstrate the role of prediction in human sentence processing. On this 

account, previous phrases in a sentence influence the processing of upcoming 

unseen material. Investigations on SOV languages (where the argument of VP 

is presented pre-verbally) like German (Konieczny, 2000), Hindi (Vasishth, 

2003; Vasishth and Lewis, 2006, Husain et al., 2014), and Chinese6 (Jäger et 

                                                           
6 Generally, Chinese is considered an SVO language. However, in standard Mandarin SOV word order 
is tolerated as well. 
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al., 2014) among many others proposed that increasing distance can lead to a 

speedup of retrieving the head at the point of dependency resolution. This can 

also be justified by the activation-based model as the intervener can strengthen 

the appearance of the following head by activating it through modifying it, 

i.e., determing the time, person, etc (Vasishth and Lewis, 2006), so this 

facilitation is because the head has already been preactivated.  

A prominent account called ‘Surprisal’ (Hale, 2001, Levy, 2008) assumes that 

the comprehenders’ Surprisal increases when a parser is required to build 

some low probability structure. Surprisal theory has been successful in 

explaining the so-called ’anti-locality’ effects (Levy, 2008; Levy and Keller, 

2013). This effect is seen as a facilitation in processing at the head (eg. verb) 

as its distance with respect to its prior dependent (eg. an argument) increases. 

Surprisal theory explains this facilitatory ’anti-locality’ effect by proposing 

that expectation of encountering an upcoming head is sharpened with more 

intervening phrases, as adding more phrases has the effect of constraining the 

upcoming material compatible with previous context. Hence, when the reader 

eventually reaches the head, a facilitation in processing occurs as the 

comprehender effectively expects the appropriate head. Note that Levy (2008) 

makes the distinction between expecting the ’identity’ or/and ’position’ of the 

upcoming head. Surprisal predicts facilitation under both kinds of expectation. 

 

3.1.3. Mixed account 

More recent work (eg. Staub, 2010; Vasishth and Drenhaus, 2011; Levy and 

Keller, 2012; Levy et al., 2013; Husain et al., 2014) has shown that in order to 

account for the cross-linguistic experimental results, both these theories must 

be taken into account. For example, Staub (2010), in his eye-tracking study 

investigating processing difference in English object versus subject relative 
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clauses ,finds evidence for both expectation based processing and locality 

constraints. But these opposing effects are seen at different regions in object 

relatives.  

While evidence for the Surprisal theory is seen at the first noun after the 

relative pronoun, the locality-based effect is seen as processing slowdown at 

the relative clause verb. Vasishth and Drenhaus (2011) and Levy and Keller 

(2013) have argued that locality effects may appear when there is a high load 

of WM, whereas, anti-locality effects may be present when the load is low. As 

opposed to this, in a recent study, Husain et al. (2014) argue that strong 

expectation of the head cancels locality effect and locality manifests itself only 

when expectation strength is weak. Also, Levy and colleagues (2013), who 

studied Russian relative clauses, conclude that dashed expectations lead to 

slowdown, i.e, building a rarer structure is more demanding than building a 

more frequent structure.  

As Nicenboim (2014) suggests, if both Dependency Locality Theory and 

expectation-based accounts come to stage together, we may see decreasing 

locality effects (with increase of working memory capacity) until the point 

that anti-locality effects (as a result of Surprisal) increase, yet the facilitation 

should not go further than a certain level. Therefore, all of these studies 

suggests that memory-based and expectation-based accounts do not 

necessarily contradict each other and both types are needed in order to explain 

the experimental effects. 

 

3.1.4. Persian complex predicates 

Complex predicates are interesting constructions that display both syntactic 

and lexical features, i.e on the one hand, they participate in the syntactic 

processes and some of them can be separated by different interveners whereas 
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they often have a non-compositional meaning (Amtrup and Megerdoomian, 

2007). These constructions can be used to study two contradicting accounts of 

locality and expectation by lengthening the intervener between the two part of 

the separable complex predicates. 

 

3.1.5. Predictions for the current studies 

According to self-paced reading studies, locality effects occur as a result of 

longer reading times (among others : Gibson, 2000; Grodner and Gibson, 

2005; Bartek et al., 2001), and antilocality effects occur as a result of shorter 

ones (Konieczny, 2000; Levy, 2008; Vasishth and Lewis, 2006). Also, based 

on the Husain et al. (2014) results, we expected that increasing noun-verb 

distance leads to faster reading time at the position of the verb in the strong 

predictable conditions, but slower reading time in the weak predictable 

conditions. Thus, we expect to obtain a cross-over interaction. Memory based 

accounts (Just and Carpenter, 1992; Gibson, 2000; Lewis and Vasishth, 2005) 

predict that increasing distance leads to a slowdown at the verb. These 

accounts make no predictions about the strength of predictability. 

There are two alternative predictions for the expectation account, depending 

on how one operationalizes expectation. First, if sentence completion 

probabilities are a reasonable proxy for conditional probabilities—and the 

previous research reported above (Husain et al., 2014; Levy and Keller, 2013; 

Jäger et al., 2015) suggests that they may be—then we predict (a) no difference 

in reading time at the verb as a function of distance, and (b) faster reading time 

at the verb in the strong predictable conditions than the weak predictable 

conditions. Prediction (a) arises because, in the sentence completion data, we 

saw no effect of distance on the predictability of the upcoming verb, in either 

the strong or weak predictability conditions; prediction (b) arises due to the 
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difference in predictability of the exact verb that we see in the strong versus 

weak predictability conditions (see the results of the sentence completion 

studies in chapter 2). 

An alternative prediction of the expectation account is that increasing distance 

facilitates processing at the verb position. Surprisal predicts facilitation with 

increasing distance whenever distance causes the number of possible parses 

to decrease; this decrease in the number of possible parses leads to the 

probability mass being reassigned among the remaining parses. In our 

materials, when a participant reads the noun in the noun-verb complex 

predicate, they are expecting the light verb with high probability (nearly 1). 

However, in the long distance condition, the next word begins a relative 

clause; this leads to an expectation that the light verb will appear after the 

relative clause verb. But what appears after the relative clause verb is a 

prepositional phrase that modifies the upcoming light verb. For a facilitation 

to be predicted in this long distance condition by Surprisal, it is the case that 

the conditional probability of the light verb following the relative clause and 

prepositional phrase is higher than the conditional probability of the light verb 

in the short-distance (prepositional phrase) condition.7 

Regarding the strong versus weak predictability conditions, note that the 

expectation account of Hale (2001) and Levy (2008) does not expect that 

processing is facilitated when the exact identity of the upcoming verb is 

predicted (in the complex predicate conditions), compared to the case when 

just ‘some’ verb is predicted (in the simple predicate conditions). This is 

because Surprisal is usually calculated using the conditional probability of the 

grammatical function (i.e., the verb here) given preceding context, and this 

will be the same in both the strong and weak predictability conditions. 

However, it is possible to subsume the difference between strong and weak 

                                                           
7 For more information and examples, please refer to the sentence-completion tasks in chapter 2. 
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predictability under the Surprisal account by reframing the conditional 

probabilities in terms of the exact identity of the verb. In this case, the 

expectation account would predict faster reading times in the strong 

predictability conditions compared to the weak predictability conditions, 

regardless of distance. 

In experiment 2, the distance manipulation involves lengthening the 

prepositional phrase. There are two predictions of Surprisal. One is that 

Surprisal predicts no difference at the verb; this is because the end of the 

prepositional phrase raises a strong expectation for a verb, and this strong 

expectation for a verb would be the same in both the short and long 

prepositional phrase conditions. Another alternative prediction of Surprisal is 

that lengthening the prepositional phrase leads to a facilitation. This prediction 

holds if increasing distance, counted in terms of the number of intervening 

words, generally increases the predictability of the upcoming verb. In Table 

3.1, you can find the summary of the predictions for the upcoming 

experiments. 

Table 3.1. Summary of the predictions for distance and predictability in the 

framework of memory-based and expectation-based accounts 

 Regarding distance Regarding predictability 

Memory-based  Slow-down at the 

verb 

No prediction 

Expectation-based  Either no effect of 

distance,  

or a facilitation at the 

verb as a function of 

distance 

Speed-up at the verb in the 

strong predictability 

conditions  
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In short, regarding the distance manipulation, the expectation account predicts 

either no effect or a facilitation at the verb as a function of distance; and 

regarding the predictability manipulation, the expectation account 

(appropriately formulated to include the conditional probability of the exact 

lexical item predicted) predicts a main effect of predictability. 

 

3.2. Locality and expectation in Persian: evidence from self-paced 

reading 

In the following sections, the first self-paced reading study will be explained 

in details. The manipulation of this experiment involves a prepositional 

phrase and a relative clause that act as the intervening materials for the 

separable complex predicates.  

 

3.2.1.  Methodology 

3.2.1.1. Participants 

In this experiment, forty-two adults participated. They were all between 17 

and 40 years old (with mean of 24 years old), lived in Tehran (Iran), and were 

all native speakers of Persian. They had normal or corrected-to-normal eye-

sight with no known history of neurophysiological and cognitive disorders. 

There were no participants from the pretest studies (explained in the previous 

chapter) among them.  

We made sure that the participants were unaware of the purpose of the study 

which was conducted in accordance with Helsinki Declaration. Letters of 

consents were obtained from all of the participants.  
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3.2.1.2. Materials 

The materials consisted of 36 sets of items with a 2x2 factorial design. 

Therefore, in the whole experiment we had 144 sentences which were latin-

squared across the four conditions such that the participants only saw one 

condition of each item. 

In our design, the two factors of predictability strength and distance were 

manipulated. As for the first factor, manipulation was done between the noun 

(either the nominal of the complex predicate in conditions ‘a’ and ‘b’ or the 

direct object of the simple predicate conditions in ‘c’ and ‘d’) and its verb 

(light verb in the complex predicate conditions and heavy verb in the simple 

predicate conditions) such that the light verbs were highly predictable and the 

heavy verbs were highly unpredictable. This predictability was judged in the  

first pre-test  which was discussed in chapter 2. Regarding distance 

manipulation, an intervener was inserted between the noun and the verb such 

that conditions ‘a’ and ‘c’ with a short prepositional phrase as the intervening 

material are shorter than conditions ‘b’ and ‘d’ which had a relative clause in 

addition to the prepositional phrase as the intervener. The sentences were 

exactly the same as the ones used in the sentence-completion tasks in chapter 

2. 

In order to mask the main experimental conditions, we included 100 fillers 

with different syntactic structures, so that the participants could not recognize 

our designed pattern. Below an example for each condition is given. It is worth 

mentioning that the critical region was the light verb (in this example ‘kard’) 

versus the heavy verb (in this example ‘xarid). The main experimental 

sentence was always continued by a coordinate structure, so that the critical 

region would not fall at the end of the sentence.  
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a. Short distance + strong predictability of the head 

Ali  a:rezouyee  bara:ye  man   kard. . . 

Ali  wish-INDEF     for        1.S    do-PST. . . 

‘Ali made a wish for me. . .’ 

 

b. Long distance + strong predictability of the head 

Ali  a:rezouyee   ke  besya:r  doost-da:asht-am  

Ali wish-INDEF  that  a lot     like-1.S-PST          

bara:ye  man  kard... 

for        1.S    do-PST… 

‘Ali made a wish for me that I liked a lot…’ 

 

c. Short distance + weak predictability of the head 

Ali  shokola:ti              bara:ye  man  xarid…  

Ali  chocolate-INDEF  for         1.S    (buy-PST)… 

‘Ali bought a chocolate for me…’ 

 

d. Long distance + weak predictability of the head 

Ali  shokola:ti        ke  besya:r    doost-da:sht-am  

Ali  chocolate-INDEF   that  a lot         like-1.S-PST        

bara:ye  man xarid 

for     1.S   buy-PST… 

‘Ali bought a chocolate for me that I liked a lot…’ 

 

All experimental sentences as well as the fillers were followed by true-false 

comprehension-check questions which targeted different thematic roles in the 

sentence. The distribution of these sentences was such that half of them were 

false and the other half was true. All materials can be found in the appendix 

of the current dissertation.  

 

3.2.1.3. Procedure 

The individuals were tested in a silent room in front of a PC. They were 

explained the procedure of the experiment thoroughly and instructed to read 

the sentences that appeared on the screen at a normal pace and to answer the 

comprehension-check questions that followed them. Also, they were shown a 

set of 5 practice items before the actual experiment started. The stimuli were 
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presented on a single line with the font of 22 pt Persian Arial on Linger 

software (http://tedlab.mit.edu/~dr/linger/) with a ‘moving window’ paradigm 

in which the participants had to read the sentences word by word successively 

as they pressed the space button on the keyboard. So, the previous word was 

masked and the new word appeared on the screen.  

After each sentence, a true-false comprehension check question appeared 

which the participants had to answer based on the sentence they read before 

by pressing the two previously-specified buttons. These questions targeted 

different thematic roles of the sentence to ensure that the participants paid 

attention to the complete sentence. The whole experiment took on average 30 

minutes for each individual. 

 

3.2.1.4. Statistical analysis 

The data were analyzed in R programming environment (R Development Core 

Team, 2013). In order to confirm the robustness of our results, we conducted 

the analysis with two different statistical methods: Linear Mixed Models 

based on rePCA function (Bates et al., 2015) and Bayesian hierarchical (so-

called linear mixed) models using Stan (Stan Development Team, 2014; 

Gabry and Goodrich, 2016). In the following section, the two statistical 

methods will be presented based on the analysis of the results.8 

In the first analysis, we used linear mixed-effects models (LMMs; Pinheiro 

and Bates, 2000; Bates et al. 2015). For large samples, the t-distribution 

approximates the normal distribution and an absolute value of t larger than 2 

indicates a statistically significant effect at alpha= 0:05. Sum contrasts were 

                                                           
8 All data and code are available from 

http://www.ling.unipotsdam.de/_vasishth/code/SafaviEtAl2016DataCode.zip  

 

http://tedlab.mit.edu/~dr/linger/
http://www.ling.unipotsdam.de/_vasishth/code/SafaviEtAl2016DataCode.zip
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used to code main effects and interactions. In addition, a nested contrast was 

defined for a secondary analysis in order to look at the effect of distance in 

complex predicates versus the control conditions separately; these were also 

coded as sum contrasts.  

For the reading time data, the most complex model possible given the data and 

the design was chosen based on the rePCA function (Bates et al., 2015). See 

the package RePsychLing (https://github.com/dmbates/RePsychLing) for 

examples and more theoretical background.  

The rePCA function computes a principal components analysis of the variance 

covariance matrices for the random effects (subject and item), which allows 

the modeler to decide which variance components should be included. No 

attempt was made to fit correlations between intercepts and slopes, for 

subjects or for items.  

In the second analysis, we fitted Bayesian hierarchical (so-called linear mixed) 

models using Stan. Again, sum contrasts were used to code main effects and 

interactions. In addition, a nested contrast was defined for a secondary analysis 

in order to look at the effect of distance in complex predicates versus the 

control conditions separately; these were also coded as sum contrasts. We fit 

full variance-covariance matrices for participants and items (the so-called 

maximal model, Barr et al., 2013; Bates et al., 2015).  

 

3.2.2.  Results 

3.2.2.1. Response accuracy 

Participants answered correctly on average 92.73 percent of the 

comprehension questions (excluding fillers). Accuracy was 91, 94, 95 and 91 

percent respectively for the four conditions in (1). A generalized linear mixed 
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model of the binary responses showed an interaction (coef=-0.25, SE=0.10, 

z= -2.37) between predictability and distance. A nested contrast suggests that 

this interaction is driven by the weak predictability condition, such that 

response accuracy is lower in the long condition compared to the short 

condition. 

 

Table 3.2. Means, 95% uncertainty intervals, and P(b < 0), the probability of the estimate 

being less than 0, in the question-response accuracy analysis for the first self-paced 

reading experiment looking for the effects of distance and predictability 

 

 

3.2.2.2. Reading time 

Reading times (RTs) were analyzed at the verb. As shown in Table 3.3 and 

Figure 3.1, there was a main effect of distance (t=3.88), such that increasing 

distance led to longer reading times. There was also a main effect of 

predictability (t=-2.94): the complex predicate conditions were read faster 

overall as compared to simple predicate conditions. A marginal interaction 

(t=1.70) is also seen: stronger locality effects are seen in the simple predicate 

condition (control condition) than in the complex predicate condition.  
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Table 3.3. Coefficients, standard errors, and t-values for the main effects and interactions 

in the first self-paced reading experiment looking for the effects of distance and 

predictability 

 

 

According to the Bayesian analysis (table 3.4), there was a main effect of 

distance, such that increasing distance led to longer reading times. There was 

also a main effect of predictability: the complex predicate conditions were 

read faster overall. A weak interaction was also seen: stronger locality effects 

were seen in the control conditions than in the complex predicate conditions. 

A nested analysis also shows that the distance effect was caused by the control 

(weak predictability) condition.  

Table 3.4. Means, 95% uncertainty intervals, and P(b < 0), the probability of the estimate 

being less than 0, in the reading time analysis for the first self-paced reading experiment 

looking for the effects of distance and predictability 
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Figure 3.1 | Reading times at the critical verb in the first self-paced reading experiment 

looking for the effects if distance and predictability 

 

3.2.3.  Discussion 

Experiment 1 found a main effect of predictability such that the verbs in the 

strong predictability conditions were read faster than the weak predictability 

conditions, and a main effect of distance, such that the verbs in the short 

conditions were read faster than the long conditions. A nested contrast showed 

that this effect of distance was driven by the weak predictability conditions, 

i.e., within the weak predictability conditions, the reading times at the position 

of the verb in the short condition were faster than the reading times in long 

condition. A weak interaction suggests that the locality effect may be 

somewhat stronger in the weak predictability condition. A marginal effect of 

interaction between predictability and distance seems to provide only weak 

support, if any, for the idea that strong predictability can at least attenuate 

locality effects (Husain et al., 2014).  
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The overall effect of distance is consistent with memory-based accounts, 

which correctly predict a slowdown at the verb in the long conditions, i.e., a 

main effect of distance. However, as the nested comparison shows, the main 

effect of distance is driven only by the weak predictability (non-complex 

predicate) conditions. Memory-based theories are unable to explain this 

because they predict a slowdown in long conditions irrespective of 

predictability strength. Nevertheless, note that the absence of an interaction 

makes this absence of a distance effect in the strong predictability conditions 

difficult to interpret.  

The expectation account’s prediction regarding distance, that increasing the 

argument-verb distance has either no effect or results in a facilitation, was 

clearly not validated. However, the main effect of predictability is consistent 

with a version of the expectation account that uses the conditional probability 

of the exact lexical item (verb) appearing given the preceding context. 

Our original motivation for this study was to replicate the Husain et al. (2014) 

findings for Persian. The results are not inconsistent with those of Husain et 

al. (2014), but they are also not a strong validation of the memory and 

expectation interaction posited in that paper. As in the Husain et al. (2014) 

study, we see a main effect of predictability driven by the complex predicate 

condition. This effect can be explained in terms of reduced retrieval cost at the 

verb due to its high expectation.  

An obvious confounding factor here is that the verbs in the strong vs weak 

predictability conditions are not identical; this prevents us from ruling out the 

possibility that low-level differences in the verbs are responsible for the 

facilitation due to prediction strength. 

We speculate that one reason why we see this trend towards locality in spite 

of the strong expectation has to do with the nature of the intervener. Unlike 
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Husain et al. (2014), where the long distance condition had extra adverbials 

compared to the short condition, in Experiment 1 we have a more complex 

intervener, a relative clause. Although both Vasishth and Drenhaus (2011) and 

Levy and Keller (2013) argue that memory load is critical for having either 

locality or anti-locality effect, none of them investigate the role of memory 

load on maintaining prediction. We reasoned that if a prediction has to be 

actively maintained in working memory, it will take up resources. As a result, 

since working memory is limited, processing different levels of syntactic 

complexity (while maintaining a prediction at the same time) may have a 

negative impact on the trace of the predicted chunk in memory. Therefore, 

manipulating the complexity of the intervening material may provide a better 

test of the interaction between memory decay and expectation.  

In order to determine whether the locality effect depends on the nature and 

complexity of the intervener, we also ran an experiment in which a short 

versus a long prepositional phrase was the intervener. We had no theoretical 

basis for deciding whether a prepositional phrase intervener is more or less 

complex than a relative clause intervener; at a minimum, our next experiment, 

reported below, tests whether the nature of the intervener affects whether we 

see locality effects in this argument-verb configuration. 

Therefore, we designed experiment 2, in which we manipulate the type of 

intervener. Here, in the long distance condition, instead of a relative clause 

and prepositional phrase intervener, a long prepositional phrase intervenes. 

The motivation was to increase distance without having different types of 

interveners in the short vs long conditions, as is be a better comparison. 
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3.3. Locality and expectation in Persian: evidence from self-paced 

reading 

In the following sections, the second self-paced reading study will be 

presented. The manipulation of this experiment, unlike the previous 

experiment, only involves a prepositional phrase (short versus long) as the 

intervening phrases used to separate the complex predicates.  

 

3.3.1.  Methodology 

3.3.1.1. Participants 

In this experiment, forty-three adults with the same criteria as in the first self-

paced reading study participated. They were all between 17 and 40 years old 

(with mean of 24 years old). They were from Tehran (Iran) and native speakers 

of Persian. They all had normal or corrected-to-normal eye-sight with no 

known history of neurophysiological and cognitive disorders. We made sure 

that the participants were unaware of the purpose of the study which was 

conducted in accordance with Helsinki Declaration. Letters of consent were 

obtained from all of the participants. The participants were different from the 

ones who took part in the previous study.  

3.3.1.2. Materials 

Similar to the first self-paced reading study, the materials consisted of 36 sets 

of items with a 2x2 factorial design. Therefore, in the whole experiment we 

had 144 sentences which were latin-squared across the four conditions such 

that the participants only saw one condition of each item ID.  

In our design, the two factors of predictability strength and distance were 

manipulated. As for the first factor, the manipulation was done between the 

noun (either the nominal of the complex predicate in conditions ‘a’ and ‘b’ or 



79 
 

the direct object of the simple predicate conditions in ‘c’ and ‘d’) and its verb 

(light verb in the complex predicate conditions and heavy verb in the simple 

predicate conditions) such that the light verbs are highly predictable and the 

heavy verbs are highly unpredictable. This predictability was judged in the 

first pre-test which was discussed in chapter 2. Regarding distance 

manipulation, an intervener was inserted between the noun and its verb such 

that conditions ‘a’ and ‘c’ with a short prepositional phrase as the intervening 

material are shorter compared to conditions ‘b’ and ‘d’ which had a longer 

prepositional phrase as the intervener without any relative clause as in the first 

self-paced reading study. In this way we have more comparable conditions by 

keeping the nature of the intervener the same.  

As mentioned in the section related to the first self paced reading task, we 

masked the stimuli by including 100 fillers with different syntactic structures, 

so that the participants could not recognize our designed pattern. Below an 

example for each condition is given. It is worth mentioning that the critical 

region was the light verb (in this example ‘kard’) versus the heavy verb (in 

this example ‘xarid’). The main experimental sentence was always continued 

by a coordinate structure, so that the critical region would not fall at the end 

of the sentence.  

The stimuli and fillers were the same as in experiment 1 except for the long 

conditions (b and d), where the intervener was a longer prepositional phrase 

instead of the combination of a relative clause and a prepositional phrase as in 

the previous experiment. The prepositional phrase was lengthened using 

several different structures as the following, all of which had one or more 

instance of the so-called Persian ‘ezafe’ marker (marked as ‘ez’ in the 

following examples), connecting the nouns and/or adjectives to one another 

(Samvelian, 2007). In Persian, Ezafe is a short vowel /-e/ (or sometimes /-ye/ 

when it is followed by a vowel) which is unstressed and applied to link two 
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words in some contexts (e.g., to mark possession). This vowel is often not 

written but automatically considered and pronounced by the native speakers 

of Persian. 

1. Noun-ez + noun-ez + noun/pronoun/proper name 

2. Noun-ez + adjective-ez + noun/pronoun/proper name 

3. Noun-ez + adjective-ez + noun 

4. Noun-ez + noun-ez +  adjective 

5. Noun + adjective-ez + adjective 

6. Superlative adjective + noun +  noun/pronoun/proper name 

7. Noun-ez + pronoun 

 

One set of examples using the first type of prepositional phrase shown above 

is as follows: 

a. Short distance + strong predictability of the head 

Ali  a:rezouyee  bara:ye man (kard)… 

Ali  wish-INDEF for        1.S   (do-PST)… 

‘Ali (made) a wish for me…’ 

 

b. Long distance + strong predictability of the head 

Ali a:rezouyee  bara:ye doost-e     xa:har-e   man (kard)… 

Ali wish-INDEF for        friend-EZ sister-EZ   1.S  (do-PST)… 

‘Ali (made) a wish for my sister’s friend…’ 

 

c. Short distance + weak predictability of the head 

Ali shokola:ti               bara:ye man (xarid)… 

Ali chocolate-INDEF  for         1.S   (buy-PST)… 

‘Ali (bought) a chocolate for me…’ 

 

d. Long distance + weak predictability of the head 

Ali shokola:ti               bara:ye    doost-e      xa:har-e    

Ali chocolate-INDEF  for            friend-EZ  sister-EZ    

man  (xarid)… 

1.S   (buy-PST)… 

‘Ali (bought) a chocolate for my sister’s friend…’ 
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All experimental sentences as well as the fillers were followed by a true-false 

comprehension-check questions which targeted different thematic roles in the 

sentence. The distribution of these sentences was such that half of them were 

false and the other half was true. All the materials can be found in the 

appendices.   

 

3.3.1.3. Procedure 

As mentioned in the first self-paced reading study, the individuals were tested 

in a silent room in front of a PC. They were explained the procedure of the 

experiment thoroughly and instructed to read the sentences that appeared on 

the screen at a normal pace and answer the comprehension-check questions 

that followed them. Also, they were shown a set of 5 practice items before the 

actual experiment started.  

The stimuli were presented on a single line with the font of 22 pt Persian Arial 

on Linger software (http://tedlab.mit.edu/~dr/linger/) with a ‘moving window’ 

paradigm in which the participants had to read the sentences word by word 

successively as they pressed the space button on the keyboard. So the previous 

word was masked and the new word appeared on the screen. After all of the 

sentences, a true-false comprehension check question appeared which the 

participants had to answer based on the sentence they read before by pressing 

the two previously-specified buttons. These questions targeted different parts 

of the sentence (in terms of the content) to ensure that the participants paid 

attention to the complete sentence. The whole experiment took on average 30 

minutes for each individual.  

 

 

http://tedlab.mit.edu/~dr/linger/
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3.3.1.4. Statistical analysis 

As in the first self-paced reading study, the data were analyzed in R 

environment with two different statistical methods of linear-mixed models 

(rePCA) and Bayesian analysis using Stan. For more information, refer to the 

statistical analysis section of the previous experiment, that is, section 3.2.1.4. 

 

3.3.2.  Results 

3.3.2.1. Response accuracy 

Participants answered 93% of all comprehension questions correctly on 

average (excluding fillers). The accuracies by condition were 96, 92, 94, and 

89% percent respectively for the four conditions in (2). As shown in Table 

3.5, the Bayesian generalized linear mixed models of the responses showed a 

main effect of distance, such that accuracies were lower in the long conditions. 

No effect of predictability strength, and no interaction between predictability 

strength and distance were found. 

 

Table 3.5.  Means, 95% uncertainty intervals, and P(b < 0), the probability of the 

estimate being less than 0, in the question-response accuracy analysis for the second self-

paced reading experiment looking for the effects of distance and predictability 
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3.3.2.2. Reading time 

As shown in Table 3.6 and Figure 3.2, the results showed a main effect of 

distance (t=3.99), with the verbs in long distance conditions being retrieved 

slower. There was also an effect of predictability (t=-2.28), with the verbs in 

the strong predictability condition being read faster than the weak 

predictability condition. No interaction was found between predictability and 

distance.  

Table 3.6. Coefficients, standard errors, and t-values for the main effects and interactions 

in the second self-paced reading experiment looking for the effects of distance and 

predictability 

 

The results of the Bayesian analysis (as seen in table 3.7) showed a main effect 

of distance, with long distance conditions being read slower. There was only 

a weak effect of predictability, with the strong predictability condition being 

read faster than the weak predictability condition. No interaction was found 

between predictability and distance. The effect of distance was present in both 

strong and weak predictability conditions. 

 

Table 3.7. Means, 95% uncertainty intervals, and P(b < 0), the probability of the estimate 

being less than 0, in the reading time analysis for the second self-paced reading 

experiment looking for the effects of distance and predictability 
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Figure 3.2. Reading times at the critical verb in the second self-paced reading experiment 

looking for the effects of distance and predictability 

 

3.3.3. Comparison of the two self-paced reading studies 

A secondary analysis was conducted to compare the strength of the locality 

effect in the two experiments, and to determine whether an interaction 

between distance, predictability and experiment was present. The between-

participant factor experiment was coded using sum coding: experiment 1 was 

coded -1, and experiment 2 was coded +1. The results (as shown in Table 3.8) 

from the linear mixed model indicate a main effect of distance such that the 

locality effects are stronger in experiment 2 as compared to experiment 1. 

However, the Bayesian model (as shown in Table 3.9) does not provide a 

convincing evidence for an interaction between distance and experiment; there 
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is only weak evidence for a larger effect of distance in experiment 2. 

Therefore, we cannot argue for a qualitative difference in the distance effects 

found in the two experiments.  

 

Table 3.8. Coefficients, standard errors, and t-values for the main effects and interactions 

in the combined analysis of the two self-paced reading experiments 

 

 

Table 3.9. 95% uncertainty intervals, and P(b < 0), the probability of the estimate 

being less than 0, in the reading time analysis for the combined analysis of the two 

self-paced reading experiments 
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3.3.4. Discussion 

In this experiment, we replicated the locality effects found in experiment 1, 

but we no longer see a weakening of the locality effect that was seen in 

experiment 1 (a marginal interaction between the distance and predictability 

in experiment 1 such that the locality effects might get weakened as a result 

of strong predictability). The strength of locality effects was equal in the 

strong and weak predictability conditions. 

In experiment 2, we also see an effect of predictability, with the strong 

predictable verb being read faster. Regarding the distance manipulation, the 

working-memory account’s prediction is validated, and the expectation-based 

account’s prediction is not supported. The main effect of predictability does 

furnish evidence consistent with the expectation-based account. 

In the second self-paced reading experiment, the intervener was a long 

uninterrupted prepositional phrase whereas in experiment 1, the intervener 

consisted of a short relative clause followed by a prepositional phrase. One 

can speculate as to why experiment 2 shows equally strong distance effects in 

both predictability conditions: processing a single long intervening phrase 

may be harder than processing two different phrases because it may be harder 

to chunk a single long phrase compared to two shorter phrases; this is 

predicted by the Sausage Machine proposal of Frazier and Fodor (1978). If 

this is correct, then the complexity of the intervener may indeed be a relevant 

factor in determining whether strong expectation can weaken locality effects. 

It is possible to test this claim by using an intervener that is easier to process; 

an example is an adverb containing no noun phrases. 
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3.4. General discussion 

Our main finding is that the Levy’s account of expectation-based facilitation 

(2008) is not supported by the Persian data; rather, our results are in favor of 

dependency distance accounts (Gibson, 2000). This result is quite problematic 

for the expectation view and suggests a closer examination of the claims of 

expectation theory.  

In previous work, Husain et al. (2014) and Jäger et al. (2015) have successfully 

validated the principles of expectation-based account by using sentence 

completion data . This is the approach that we took for the present 

experiments. Given that we have been able to demonstrate a correspondence 

between expectations as computed using sentence completions and online 

reading data, it is reasonable to assume that despite the increased expectation 

of the upcoming verb, at least in our Persian data, it is integration cost that 

dominates. 

The experiments presented here also provide suggestive (but weak) evidence 

that the complexity of intervening material could be critical for prediction 

maintenance: when the intervener is a relative clause followed by a 

prepositional phrase, we see a marginal interaction between distance and 

expectation, but when the intervener is a single long prepositional phrase, we 

see no evidence for an interaction between distance and expectation strength. 

As always, it is vital to attempt to replicate the results to establish robustness. 

In the next studies, we will examine these effects using another methodology: 

eye-tracking.  

 


