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Chapter one  

Introduction 

 

 

 

 

 

 

 

1. General introduction 

The current dissertation aims at investigating the mechanisms involved in 

resolving long distance dependencies. In this chapter1, we are going to 

describe the background of this work from different perspectives. First, we 

will explain the nature of linguistic dependencies and its different categories. 

Proceeding to long-distance dependencies, we will investigate the cognitive 

aspects out of which the two competing memory-based and expectation-based 

accounts have emerged. Subsequently, we will briefly discuss how these 

accounts can explain the processing of dependencies across languages.  

                                                           
1 The content of this dissertation is adopted from the following published work: Safavi MS, Husain S and 
Vasishth S (2016) Dependency Resolution Difficulty Increases with Distance in Persian Separable Complex 
Predicates: Evidence for Expectation-based and Memory-Based Accounts. Front. Psychol. 7:403. doi: 
10.3389/fpsyg.2016.00403 
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We turn next to complex predicates that were used as the main linguistic 

structure in the series of experiments we have conducted. Then, we will 

differentiate the concept of light verbs versus heavy verbs which are the core 

structures leading to complex versus simple predicate types. Subsequently, we 

will proceed to Persian as a language in which complex predicates as multi-

word verbal constructions are more frequently used as compared to single-

word verbs. There are various types of complex predicates in Persian that will 

be elaborated in details. 

In the final section of this chapter, we will give a general overview of the 

current dissertation including the study population, the methodologies used 

for the purpose of our research, the approaches we took for the statistical 

analysis, and the outline of the current dissertation.  

 

1.1. Linguistic dependencies 

Dependency Grammar is referred to as a class of Linguistic theories on syntax 

which are based on dependency relations (Tesnière, 1959). All the elements 

of an utterance have some internal links and relations, and the speaker uses 

several grammatical rules to put them together in a well-specified way. As an 

example for dependency, we can refer to the sentence ‘I love you’ in which 

the position and the form of both pronouns ‘I’ and ‘you’ depend on the verb 

whereas the form of the verb depends on ‘I’. However, we cannot conclude 

that all of these relations can be called dependencies (Melʹčuk, 2009). For 

example, in the following sentence, Maria and Ms. Müller (referring to the 

same person) cannot form a dependency. There must be a one-to-one 

correspondence between the elements of the dependency meaning that for 

each element, there is precisely one corresponding node in the structure.  

When Maria called her teacher, Ms. Müller was still at school. 
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Linguistic Dependency is defined as the linguistic relations which are non-

symmetrical and in which one of the elements is a prerequisite  of the other 

one, but generally not the other way round. So in the following structure, word 

2 (w2) is the dependent on word 1 (w1) which is called the governor (or head, 

regent, ruler) of w2 (Melʹčuk, 2009). 

W1  W2 

Since the earliest grammars like Panini (see Percival, 1997), the concept of 

dependency exists, referring to the constituents of the speech. However, the 

first person who used the term dependency in the grammatical sense was Ibn 

Mada, the Andalusian linguist in 12th century (Percival, 1976; 1990). Modern 

dependency grammar (DG) was initiated by the work of Lucien Tesnière 

(1959), and his syntactic approach was further developed by others (Hays, 

1960; Gaifman, 1965; Robinson, 1970). Also, computational linguistics and 

machine learning have contributed considerably to dependency grammar 

(Hays, 1972), and there is a growing interest in dependency-based systems for 

generating dependency treebanks and parsing natural languages (see the 

proceedings of Depling International Conference on Dependency Linguistics, 

2011; 2013; 20152).  

There are different types of dependency in language, which are sometimes 

difficult to disentangle: semantic dependency, morphological dependency, 

prosodic dependency, and syntactic dependency. The focus of the current 

dissertation is on the last type, namely syntactic dependency in a sentence, 

which will be discussed in the following section. We have to know precisely 

which particular type of syntactic dependency links w1 and w2. Locality is the 

most controversial type of syntactic dependency which is the core of the 

current dissertation and will be explained in section 1.3.1.  

                                                           
2 http://www.depling.org/ 
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1.1.1.  Syntactic dependencies 

Syntactic dependencies, as the building blocks of syntactic structure, have 

been the focus of most linguistic research in dependency grammar. Unlike 

semantic dependencies (which refer to meaning) and morphological 

dependencies (which refer to inflectional forms), syntactic dependencies are 

the abstract dependencies that are not directly related to meaning or form. To 

put it formally, w2 is considered to be the dependent of w1 if the following 

criteria are met (Melʹc̆uk, 2009): 

 

Criterion A: connectedness 

The fundamental information we need in the first place is to know whether or 

not w1 and w2 are directly linked in syntax. In order to satisfy this criterion,  

(1) the linear position of one of the constituents (in the sentence) must be 

determined with respect to the other element;   

(2) either w1 and w2 form a special syntactic unit (e.g., N+V, N+ADJ, 

etc.), or w1 and w2, together with another word, form a syntactic unit such 

that w1 is the head of the whole phrase and w2 is the head of the w2+w 

phrase (e.g., consider the unit graduate from the university where graduate 

(w1) is the head of the whole unit and from (w2) is the syntactic head of 

the university (w). Therefore, graduate and from have a direct syntactic 

link).  

 

Criterion B: dominance 

Either w1 or w2 must dominate the other one. In other words, one of them 

needs to be the syntactic governor of the other. In order to ensure this, the 

following three conditions should be met:  
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(1) w1 is the governor of w2, then the passive syntactic valency (or the 

distribution) of the whole phrase must be determined mostly by the passive 

syntactic valency of w1 compared to w2 (e.g., in the phrase Sir Johns, the 

name Johns determines the distribution as we can say I see sir Johns/ I see 

Johns, but we cannot say I see sir);  

(2) there are morphological links between the phrase elements and the 

external context, such that w1 controls the inflection of the words outside 

the phrase or vice versa (the external elements in the context take control 

of the inflections attached to w1 (e.g., in the German phrase drei Gläser 

Kaffee: lit. ‘three glasses of coffee’, Gläser is the governor, and when it is 

in the context of a sentence like Dies-e drei Gläser Kaffee sind super: lit. 

‘these three glasses of coffee are wonderful’, the plurality of Gläser as well 

as the number ‘drei’ imposes plural marking to the demonstrative and the 

verb);  

(3) the meaning of the whole phrase is interpreted as a kind/instance of w2 

as the governor (e.g., a chicken sandwich is a kind of sandwich (w1), not a 

kind of chicken (w2)).  

 

In the following sections, we will focus on long-distance dependencies and 

the relevant theories for resolving such dependencies across languages. In 

particular, we will discuss locality as the most controversial property of 

syntactic dependencies. The type of dependency which we use in the current 

dissertation is the complex predicate that will be explained in details.  

 

1.2. Long distance dependencies 

Long-distance dependencies (also called Unbounded, non-local, filler-gap 

dependencies) have been studied since Fodor’s (1978) research on the 
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strategies for parsing. However, there are many unanswered questions with 

regard to this topic (Clifton and Frazier, 1989; Huang and Tang, 1991; 

Kluender and Kitas, 1993; Traxler and Pickering, 1996; Philips et al., 2005; 

Fedorenko et al., 2013; among others). We can refer to wh-questions (who did 

you talk to?) or relative clauses (the girl whom John talked to…) as examples 

of long-distance dependencies. 

Processing a long-distance dependency between the noun and the verb of a 

complex predicate or a simple predicate occurs when a listener or reader 

expects a subcategorizing verb to come after the noun, but he does not know 

exactly when. Every constituent assigned to a specific grammatical function 

eliminates most of our expectation to see one other constituent with the same 

grammatical function as the upcoming element. Consequently, every 

constituent which we read increases the probability of expectation to see a 

constituent of a remaining grammatical function in the rest of the clause. So 

the expectation for finding the subcategorizing verb will increase and, as a 

result, its processing will be facilitated as well. To put it in other words, the 

probability of reading a subcategorizing verb (as the next word) rises along 

with the increase of the number of words that intervene the noun and the verb 

as the head (Nicenboim et al., 2014). 

 

1.3. Theories on processing long distance dependencies 

In this section, two seemingly opposing perspectives of memory-based and 

expectation-based accounts will be presented to explain the processing 

difficulty or facilitation that will arise while resolving a long-distance 

dependency. In order to explain these two accounts, we first give an 

explanation of long-distance dependency resolution.  
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1.3.1. Memory-based accounts 

It has been thought for a long time that if we increase the distance in a 

linguistic dependency, such as the distance between a subject and a finite verb, 

there will be more processing difficulty (Chomsky, 1965; Just and Carpenter, 

1992; Gibson, 2000; Lewis and Vasishth, 2005). This phenomenon, a slow-

down at the dependency resolution region in case of increased distance 

between the dependent noun and the head/verb, is commonly referred to as the 

‘locality’ effect (e.g., Gibson, 2000; Grodner and Gibson, 2005; Demberg and 

Keller, 2008; Bartek et al., 2011; Vasishth and Drenhaus, 2011).  

 

It is widely believed that the distance over which a linguistic dependency is 

resolved is the main parameter for the precision and speed of the dependency 

resolution (Gibson, 2000, McElree et al., 2003; Lewis and Vasishth, 2005; 

Levy, 2008; among others). However, it is still a controversial point what 

underlying cognitive mechanisms are involved when increase in distance 

affects the accuracy and speed of resolving that dependency (Nicenboim et al., 

2014). 

 

According to the Dependency Locality Theory (Gibson, 1998;2000), the 

slowdown or processing difficulty depends on integration cost and storage 

cost. Structural integration cost is defined as the processing cost for integrating 

all intervening constituents while keeping the first part of the dependency in 

working memory. In fact, structural integration cost is caused by the 

increasing number of new discourse referents that intervene the constituents 

of the dependency. Storage cost is the processing cost that is needed to keep 

the first part of the dependency relation in working memory. The concept of 

storage cost implies that processing difficulties increase as a function of the 

number of predicted potential heads (Jäger et al., 2015).  
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As the Dependency Locality Theory (Gibson, 1998; 2000) suggests, the longer 

the distance between the head and the dependent constituent, the more difficult 

it is to retrieve the head from working memory. In a number of studies, the 

role of working-memory constraints in sentence processing has been 

established (e.g. Turner and Engle, 1989; Waters and Caplan, 1996; Daneman 

and Merikle, 1996; Lewis, 1998; Gibson and Thomas, 1999; Gordon et al, 

2002; Lewis and Vasishth, 2005; Lewis et al., 2006; Van Dyke and McElree, 

2000, 2006; Fedorenko et al., 2006; Otten and Van Berkum, 2009; McVay 

and Kane, 2011; Van Rij et al., 2013; among others). Hence, limitations that 

are imposed by the working memory system can be one possible explanation 

for locality effects. From the perspective of Dependency Locality Theory 

(Gibson, 1998), the experienced difficulty while processing and resolving a 

long-distance dependency is related to the decay of the noun in memory. 

  

1.3.2.  Expectation-based accounts 

Despite strong evidence for locality effects, a growing body of literature 

shows an opposite effect which is called “anti-locality”. There have been 

several studies on languages with SOV word order, for example, German 

(Konieczny, 2000; Konieczny and Döring, 2003; Levy and Keller, 2013) and 

Hindi (Vasishth, 2003; Vasishth and Lewis, 2006), that provide evidence for 

a speed-up in dependency resolution when the distance is increased. In many 

of these studies, the intervening elements can be helpful for strengthening the 

prediction of the upcoming verb by activating it through modifying the head 

before the verb actually appears leading to speedup in retrieving the verb 

(Vasishth and Lewis, 2006). This suggests that processing of the verb/head 

can be facilitated in case it has already been generated (i.e. the verb has been 

‘pre-activated’). This is specifically true for verb-final languages in which the 
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arguments appear before the verb and modify it (for example, by determing 

the person or time) before it is actually parsed.  

 

Surprisal (Hale, 2001; Levy, 2008) formalizes the concept of predictive 

sentence processing or probabilistic parsing and has been widely investigated 

in event-related brain potential studies (Kutas and Hillyard, 1984; Jurafsky, 

1996; Kamide et al., 2003). The so-called anti-locality effect can be explained 

with Surprisal in the framework of the expectation-based account (Levy, 

2008) which is based on the assumption that the reader retains and uses 

language information in a probabilistic way in order to parse that information 

incrementally.  

According to the Surprisal theory, infrequent transitions are difficult to 

process, that is, the processing difficulty will increase when a parser needs to 

form a syntactic construction with low probability. In other words, Surprisal 

is equal to the negative log-probability of seeing a specific word or word class, 

given the preceding context while reading. In the current research, we will 

follow Levy’s (2008) terminology and refer to Surprisal as the expectation-

based account. 

The assumption in the expectation-based account is that the relative frequency 

of a construction can affect the time it needs to be processed. To be specific, 

as defined by Hale (2001) and Levy (2008), Surprisal predicts that the 

processing difficulty which is associated with the integration cost of a certain 

word depends on how probable it is for the head to appear (given the previous 

context). So, the higher the Surprisal values, the more processing difficulty, 

hence, the longer reading times (Jäger et al., 2015). 
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1.3.3. Mixed accounts 

We cannot conclude on the mutual exclusiveness of the memory-based and 

expectation-based accounts as the recent investigations (Staub, 2010; Vasishth 

and Drenhaus, 2011; Levy et al., 2013; among others) indicate the need for 

insights from both theories.    

It is still not very clear how working memory influences expectation-based 

parsing. There are researchers like Levy (2008) who argue the expectations 

play a crucial role only when working memory load is low. So, they suggest 

that prediction of the upcoming words is also dependent on working memory. 

The reason is that the reader’s expectation also depends on the accumulated 

information. As a result, readers with low working memory capacity, whose 

ability to manipulate information and store it temporarily is decreased, will 

parse the sentence slower than the high-working-memory-capacity readers 

when it comes to expecting the upcoming lexical items.  

As in many of the above-mentioned studies, evidence for both accounts have 

been found. We can conclude that both memory and expectation play a role to 

some extent. For example, an eye-tracking study by Staub (2010) provides 

evidence for both even though these effects take place in different regions of 

the sentence.  

Below is an example of Staub’s (2010) study which showed processing 

difficulty on the object noun-phrase in the subject relative clause (‘the 

fireman’ in example a) as compared to the subject noun phrase in the object 

relative clause (‘the fireman’ in example b). This result is in line with the 

expectation-based account as the comprehender needs to build an infrequent 

structure (object relative clause) when he/she reads the noun phrase. It is also 

consistent with memory-based accounts based on which there is more 



11 
 

processing difficulty at the position of the relative clause verb of the object 

relative clause than the subject relative clause.  

a. The employees that noticed the fireman hurried across the open field. 

b. The employees that the fireman noticed hurried across the open field. 

Studies by Vasishth and Drenhaus (2011) and Levy and Keller (2013) suggest 

that there are locality effects when working memory load is high (see also, 

Van Dyke et al., 2014). The anti-locality effects may appear in case of low 

working memory load.  

In a recent study, Husain and colleagues (2014) argue that the prediction of a 

precise lexical item (high predictability of a head) can neutralize the effect of 

locality. Therefore, they suggest that the effect of locality shows up when there 

is a weak predictability strength, that is, when a verb is predicted regardless 

of its exact identity. Husain and colleagues (2014) conducted a self-paced 

reading study with a 2x2 factorial design in which they crossed the factors of 

dependency distance and predictability in order to study the locality and 

expectation effects. They used Hindi, an SOV language, to test complex 

predicates with a light verb and with a ‘heavy’ verb. In the strong 

predictability condition, the light verb was strongly predictable by the object 

NP noun phrase and in the low predictability condition, the heavy verb was 

not predictable by the object noun phrase. In the conditions in which there was 

a high predictability, the exact verb identity was predicted by the object noun 

phrase, whereas in the low predictability conditions, the object noun phrase 

did not predict the exact verb with a high level of certainty- even though it 

predicted some verbs.  

Husain et al., (2014) manipulated another factor, dependency distance, such 

that in the short conditions, one or two adverbials were placed between the 

object noun phrase and the verb. When there was one adverbial in the short 
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condition, the corresponding long condition had two adverbials; when there 

were two adverbials in the short condition, the corresponding long condition 

had three adverbials. Reading time was measured at the verb. The results 

showed that the complex predicate with light verbs were read slower in the 

short than in long conditions. Below, you can find examples for the sentences 

Hussain and colleaues (2014) used. In khayaal rakhnaa (‘care keep/put’; ‘to 

take care of’) both the noun khayaal and the verb rakhnaa form the predicate 

while in gitaar rakhnaa, ‘guitar keep/put’; ‘to put down or keep a guitar’ 

gitaar is an object of rakhnaa.  

 

a. Complex predicate, Long 

maa ne bachche ko  skUla CoRaa Ora use kahaa  ki  vah/apnaa 

mother ERG child ACC  school dropped and to her said that she her 

khayal binaa kisi laaparvaahi ke achCe serakhe, phir va apne 

care without any carelessness properly keep,     then she her 

daftar    ki ora chal paRii 

towards office proceeded 

‘The mother dropped the child off at the school and asked her to take care 

of herself properly without any carelessness, she then proceeded towards 

her office.’ 

 

b. Complex predicate, Short 

maa ne  bachche ko skUla CoRaa    Ora use   kahaa  ki vah apnaa 

mother ERG child ACC  school dropped and to her said that she her 

khayal achCe se rakhe,  phir vah apne daftar ki ora chal paRii 

care     properly keep,   then she  her  towards office proceeded 

‘The mother dropped the child off at the school and asked her to take care 

of herself properly, she then proceeded towards her office.’ 

 

 



13 
 

c. Simple predicate argument-verb, Long 

maa ne  bachche ko skUla  CoRaa   Ora use kahaa  ki   vah apnaa 

mother ERG child ACC   school dropped and to her said that she her 

gitaar binaa   kisi laaparvaahi ke achCe se rakhe,  phir vah apne 

guitar without any carelessness properly keep, then she her 

daftar ki ora chal paRii 

towards office proceeded 

‘The mother dropped the child off at the school and asked her to keep her 

guitar properly without any carelessness, she then proceeded towards her 

office.’ 

 

d. Simple predicate argument-verb, Short 

maa ne bachche ko         skUla   CoRaa  Ora use  kahaa ki   vah/apnaa 

mother ERG child ACC school dropped and to her said that she her 

gitaar  achCe se rakhe, phir vah apne daftar ki ora chal paRii 

guitar properly keep,  then she  her towards office proceeded 

‘The mother dropped the child off at the school and asked her to keep her 

guitar properly, she then proceeded towards her office.’ 

 

However, there seemed to be a slowdown at the verb of the simple predicate 

(noun-heavy verb) compared to the complex predicate condition (noun-light 

verb). There was also weak evidence for an interaction between the distance 

and predictability which indicated that when the distance increased, there was 

a slowdown in the simple predicate conditions (noun + light verb) and a 

speedup in the complex predicate ones (noun + heavy verb). Husain et al. 

(2014) concluded that the locality effect is canceled when the head is highly 

predictable. The locality effect was seen only in cases of weak predictability. 
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1.4. Long-distance dependency resolution across languages  

Despite cross-linguistic evidence in favor of memory-based accounts such as 

the Dependency Locality Theory in languages like English (Gibson, 1998; 

2000), Spanish (Cuetos and Mitchell, 1988), Dutch (Bach et al., 1986), Finnish 

(Hyönä and Pollatsek, 1998), German (Bader et al., 1996; Hemforth et al., 

1993), Russian (Levy et al., 2013), and Chinese (Hsiao and Gibson, 2003), in 

some languages such as Hindi, German, and Russian, it has also been found 

that increasing the distance between the noun and the verb facilitates 

processing of the verb (Konieczny, 2000; Vasishth and Lewis, 2006; Jaeger et 

al., 2008; Vasishth and Drenhaus, 2011; Levy and Keller, 2013; Husain et al., 

2014; Jäger et al., 2015).  

 

According to Levy (2008), head-final syntactic dependencies can be a source 

of divergence between memory-based and expectation-based accounts. There 

are numerous cases in which the comprehender expects a specific final head, 

but does not know when it appears. This situation can be found in verb-final 

languages such as German (e.g., Konieczny, 2000) and Hindi (e.g., Vasishth 

and Lewis, 2006; Husain et al., 2014). In these cases, the Dependency Locality 

Theory argues that a larger number of elements appearing before the head (i.e., 

the verb) will lead to more processing difficulty at the position of the 

upcoming head because all of these elements are supposed to be integrated 

simultaneously.  

 

However, the Surprisal theory has a different prediction in this situation. 

According to this theory, the dependent elements provide us with information 

about the head. So, the more we know, the faster we can identify the location 

and the identity of the head and the quicker we can process it.  
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In this dissertation, we will concentrate our experiments on complex 

predicates in Persian which is a verb-final language. First, we will present a 

short introduction on the nature of complex predicates as they appear in light-

verb constructions. Then Persian complex predicates will be explained further. 

The added value of studying Persian is that the frequency of complex 

predicates is considerably higher in this language (as compared to the simple 

predicates which are very infrequent). Also, we plan to include more syntactic 

complexity (e.g., relative clause and prepositional phrase in the manipulation 

of the intervening elements as compared to the Hindi study where adverbial 

was the only type of intervener.  

 

1.5. Complex predicates and light verbs 

In this section, complex predicates as the linguistic structure we used for our 

research will be described. The difference between light verbs and heavy verbs 

will be also clarified in this section. We will then focus on the categories of 

these constructions in Persian language.  

Complex Predicates, also known as compound verbs or Light Verb 

Constructions, are comprised of a non-verbal element (e.g., noun: zarbe, 

‘harm’) and a verb (e.g., light verb: zadan, ‘to hit’) that lacks sufficient 

semantic properties to function as an independent predicate. Together they can 

form a complex predicate: zarbe zadan, lit. ‘harm hit’, ‘to harm’ (Vahedi-

Langroudi, 1996; Karimi-Doostan, 1997, 2005; Synder, 2001; Baker and 

Harvey, 2010; Butt, 2010)3.  

According to Samvelian (2001), the meaning of the sequence forming the 

complex predicate is often non-compositional, that is, we cannot usually find 

out the precise meaning of the complex predicate through the meaning of its 

                                                           
3  Examples are from Persian language. 
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individual words. For example, in Persian, zamin: lit. ‘earth’ together with 

khordan: lit. ‘to eat’ forms the complex predicate zamin khordan which means 

‘to fall down’, so the meaning cannot be understood through the literal 

interpretation of its components (‘eat earth’).  The verb (which is not 

completely meaningful by itself) used in the complex predicate is called a 

‘light verb’; this will be explained in the following section. As opposed to a 

light verb, a ‘heavy verb’ (also, ‘rich verb’) is a verb that contains enough 

semantic properties to function independently (see also, Stevenson et al., 

2004; Wittenberg et al, 2014).  

The first time that the term light verb was used (Jespersen, 1965), it referred 

to a semantically null verb in English (e.g. take in take a walk versus walk) 

that gets tense and person agreement and does not have a main semantic 

contribution to the construction. 

The set of light verbs is considered to be part of the verbal grammatical 

category, as Cattell (1984) suggests. He argues that a light verb indicates and 

confirms the occurrence of an action or event expressed by the dependent noun 

in a complex predicate. According to him, a light verb elaborates on the 

syntactic and semantic limitations of the light verb constructions and their 

lexical counterparts. Despite his detailed analysis of English complex 

predicates, he concludes that it is impossible to come up with an algorithm 

that foresees which particular complement will combine with which light verb.   

Since this terminology (i.e. light verb) was coined by Jespersen (1965), it has 

been used in the analyses of structures in a variety of languages. In the 

framework of the Generative Grammar, the term ‘light verb’ was used in 

analyzing the Suru structure in Japanese. Suru is a verb that means ‘to do’, 

and it is usually combined with nominals to form a complex predicate. This 

verb is light in terms of semantic properties and only has a functional role 

(Grimshaw and Mester, 1988).  As another example, we can refer to Hindi 
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noun + light verb complex predicates (Mohanan,1994) like ‘varNan kar’ , 

‘description + do’, meaning ‘to describe’. In these studies, ‘complex 

predicate’ refers to a structure that has two or more predicational elements 

such as verbs, nouns, adjectives, that form one single predicate. Many other 

researchers have focused on light verbs and complex predicates in a variety of 

languages (Ahn, 1991, on Korean; Sato 1993, on Japanese; Butt, 1995; 2003, 

on Urdu; Diesing, 1997; 2000, on Yiddish; Choi and Wechsler, 2001, on 

Korean; Butt and Ramchand, 2005, on Hindi and Urdu, among others).  Here, 

we focus on Persian. 

 

1.5.1. Persian complex predicates 

In Persian, there is a strong preference for using multiword (also, compound) 

verbs over simple ones (Nemati et al., 2010). According to Sadeghi (1993), 

the number of simple (one-word) verbs that are used in spoken and written 

Persian is not higher than 150. He argues that this situation is not a new 

tendency and that forming multiword verbal expressions already happened 

long before the flow of borrowings from Arabic and other foreign languages 

such as French, English, and Russian. As most of the verbs in Persian are 

complex, Persian complex predicates have been investigated in many studies 

(Samiian, 1983; Barjasteh, 1983; DabirMoghadam, 1982, 1997; Goldberg, 

1996, 2012; Ghomeshi, 1997; Kahnemuyipour, 2004; Karimi, 1987, 1997; 

Karimi-doostan,1997; Khanlari, 1986; Megerdoomian, 2002, 2004, 2005, 

2008, 2012; Sadeghi, 1993; Samvelian, 2001; Vahedi-Langrudi, 1996; 

Toosarvandi, 2006, 2009; Pantcheva, 2008, 2010; Sedighi, 2009; Taleghani, 

2010; Taslimpoor et al., 2012; among many others). 

There have been many attempts in the literature to model the semantic 

processing versus syntactic processing of complex predicates. Hale and 
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Keyser (1993; 2002) suggest that each syntactic role should be mapped onto 

a semantic argument in a one-to-one way. Alternatively, Goldberg (2003) 

argues that complex predicates can be treated as independent units which are 

stored in memory (or lexicon) with their full syntactic and semantic features. 

A third approach (Jackendoff, 2002; Culicover and Jackendoff, 2005) 

differentiates between syntactic and semantic levels and takes them as 

independent structures. Culicover and Jackendoff (2005) suggest that Persian 

speakers prefer to make complex predicates in the need for a new event type 

instead of going through a morphological lexeme formation process. Still, they 

argue that despite being multi-word expressions, forming a complex predicate 

has to be treated similarly as the lexeme formation process. Therefore, the 

syntactic features of the complex predicates are the same as those of the simple 

predicates (a verb with an object noun phrase).  

In fact, there is no categorical syntactic difference between the nominal part 

of the complex predicates and the direct object of the simple predicates 

although the nominal part of the complex predicate can be more cohesive with 

its light verb than a direct object in combination with a heavy verb. This 

cohesion can be found in word order, stress, differential object marking, 

pronominal affix placement, et cetera (Karimi-Doostan, 1997; Goldberg 

2003).  

The light verb in Persian can be combined with different types of non-verbal 

items such as noun, adjective and prepositional phrases (DabirMoghaddam, 

1997). DabirMoghaddam (1997) has classified these verbs into different 

categories as described in the following example: 
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Types of Persian complex predicates (DabirMoghaddam, 1997) 

I. Combination 

1. Adjective + Auxiliary verb 

1. The stative auxiliary budan ‘to be’ 

delxor budan: lit. ‘annoyed be’: ‘to be annoyed’. 
2. The inchoative auxiliary shodan ‘to become’ 

delxor shodan: lit. ‘annoyed become’: ‘to become annoyed’. 
3. The causative auxiliary kardan ‘to make’ 

delxor kardan: lit. ‘annoyed make’: ‘to annoy’. 

2. Noun + Verb 

4. Kardan ‘to do’, e.g., tahdid kardan: lit. ‘threat  do’: ‘ to threaten’  

5. Zadan ‘to strike, to beat’, e.g., seda zadan: lit. ‘sound  bit’: ‘to 

call’  

6. Dadan ‘to give’, e.g., pas dadan: lit. ‘back give’: ‘to return’ 

7. Gereftan ‘to take’, e.g., tahvil gereftan: lit. ‘delivery take’: ‘to 

take delivery of’  

8. Keshidan ‘to draw’, e.g., sut keshidan: lit. ‘whistle draw’: ‘to 

whistle’  

9. Dashtan ‘to have’, e.g., dust dashtan: lit. ‘friend have’: ‘to like’ 

10. Khordan ‘to eat’, e.g., sarma khordan: lit. ‘cold eat’: ‘to catch 

cold’   

 

3. Prepositional Phrase + Verb 

      Amadan ‘to come’, e.g., be donya amadan: lit. ‘to world come’: ‘to 

be born’  

 

4. Adverb + Verb 

      Andaxtan ‘to throw’, e.g., bar-andakhtan: lit. ‘off throw’: ‘to 

overthrow’ 

5. Past participle + Passive auxiliary 

      Shodan ‘to become’, e.g., sakhte shodan: lit. ‘built become’: ‘to be 

built’  

II. Incorporation   

           Dadan ‘to give’, e.g., ghaza dadan: lit. ‘food give’: ‘to feed’  

or dashtan, ‘to have’, e.g., entezar dashtan: lit. ‘expectation 

have’: ‘to expect’  
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Karimi-Doostan (2011) divides Persian complex predicates into two groups: 

separable and inseparable. The nominal preverbal element in the separable 

complex predicates can be a direct object, relativized, modified by an 

adjective, et cetera. Karimi-Doostan (2011) argues that separability or 

inseparability of these constructions can indicate their formation at two levels. 

In chapter 2, we will elaborate more on the issue of separability and the way 

it depends on the semantic and morpho-syntactic features of the preverbal 

element, as well as on the light verb (see also, Dehdari, 2005).  

Linguists take different stances towards the nature of Persian Complex 

predicates. On the one hand, the non-compositionality of the semantics in 

these constructions has led some researchers to believe that complex 

predicates are formed in the lexicon (Ghomeshi and Massam, 1994; Goldberg, 

1996; Karimi-doostan, 1997). On the other hand, the separability of some 

complex predicates have made other linguists propose the theory that complex 

predicates are syntactic units formed during syntactic processing (Heny and 

Samiian, 1992; Vahedi-Langrudi, 1996; Megerdoomian, 2001, 2002; Folli et 

al., 2005; among others). Goldberg (2003) proposes a mixed analysis that 

treats Persian Complex predicates as words by default and as phrases in 

exceptional situations.  

According to Bonami and Samvelian (2010), the syntactic properties of 

complex predicates are identical to those of combinations of a verb with an 

object noun phrase. While there is a tendency for the noun in a complex 

predicate to be more cohesive with the verb than a direct object noun is (in 

terms of word order, stress, differential object marking, pronominal affix 

placement), there is no categorical syntactic contrast between the two types of 

sequences (Karimi-doostan, 1997; Goldberg, 2003). 

Samvelian and Faghiri (2013, 2014), as well as Goldberg (1996) and Family 

(2006), argue that all Persian complex predicates must be listed in the lexicon 
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as they follow the conventional pairings of form and meaning. They 

emphasize that the storage of these constructions does not contradict the 

compositional view if the concept of compositionality is referred to 

idiomatically combining expressions. Their approach goes against the 

majority of the previous studies in the literature on Persian complex predicates 

that have a radically compositional perspective based on the assumption that 

the contribution of all the components in a complex predicate is consistent in 

all the combinations. They proposed the Construction-based approach based 

on the assumption that although Persian complex predicates can be idiomatic, 

they can still be categorized in different groups according to their semantic 

and syntactic features. The matter of productivity of Persian complex 

predicates cannot be investigated thoroughly without resorting to more 

quantitative methods for the analysis. In this way, Samvelian and Faghiri 

(2014) provide a Construction-based explanation that allows to account for 

the productivity of Persian complex predicates in a way that considers their 

compositionality and idiomacity at the same time. 

Müller (2010) argues that a combination of a lexical account and grammatical 

operation rules and the analysis of argument structure has none of the flaws of 

the above-mentioned classifications and it can address both the lexical and the 

syntactic features of Persian complex predicates. He suggests that relying 

exclusively on the pattern classification is not an insightful way of treating 

Persian complex predicates. He argues that a combination of a lexical account 

with a grammatical operation and the analysis of argument structure has none 

of the flaws of the above-mentioned classifications and it can address both 

lexical and syntactic features of Persian complex predicates. He emphasizes 

that his account does not contradict the Construction-based grammar. In fact, 

his analysis is fully compatible with the central idea of Construction Grammar.  
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Family (2006) argues that complex predicates retain some elements from the 

meaning of their light verbs. This meaning is the one that a Persian native 

speaker considers as the meaning of that verb (when it is heavy) in a simple 

predicate structure. She believes that in the Persian system of verbs, the 

semantic space4 consists of some islands which are formed when a cluster of 

complex predicates with a particular light verb refers to very similar meanings. 

She states that Persian speakers’ productive capacity lies in knowing and 

developing a highly-structured semantic space in which there are many nodes 

serving as attractors to specific types of verbal meanings.  

In sum, one can generalize that Persian Complex predicates contain semantic, 

lexical, and syntactic information, and a differentiation between grammar and 

the lexicon is superfluous (Family, 2006). Therefore, complex predicates are 

interesting constructions that display both syntactic and lexical features, that 

is, they participate in syntactic processing, whereas they often have a non-

compositional meaning (Amtrup and Megerdoomian, 2007). Some complex 

predicates can be separated by interveners, but other cannot. 

Complex predicate constructions in Persian cause considerable complications 

for language technology (e.g., machine translation) as they display both lexical 

and phrasal features. On the one hand, the meaning of the construction is 

usually non-compositional. On the other hand, complex predicates can take 

part in syntactic processes, for example, the constituents can usually be 

separated by interveners. This situation causes a divergence in translation as 

the complex predicates should be translated to single word forms in the other 

language. In general, these constructions pose challenges to the current well-

established theories of linguistics (Ershadi, 2011). Particularly, they can be 

                                                           

4
Semantic space is a framework for representing the meanings of words by encoding them as vectors with 

different dimensions: a semantic axis, a functional axis, and a thematic axis (see Osgood et al, 1957)  
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used to study two contradicting accounts of locality and expectation by 

lengthening the intervener between the two parts of the separable complex 

predicates. 

The nature of complex predicates has been compared to idioms due to their 

non-compositional meaning. However, it is not necessarily the case that all 

non-literal structures are idioms (Ershadi, 2011). For example, we can refer to 

the cases of cliché and metonymy across languages (O’Grady, 1998; 

Jackendoff, 1985). Idioms have their own internal structure and possess some 

features that characterize them differently in some aspects from other 

constructions. One of the distinguishing features is that speakers cannot / do 

not create new idioms without a specific context even in a language in which 

productive processes like compounding are very common. In case of Persian, 

complex predicates are extremely productive, and native speakers create them 

regularly as there is a general preference for using multi-word verbs in this 

language (Ershadi, 2011). As another factor, we can refer to the structure of 

complex predicates compared to simple predicates, that is, the verb argument 

in a simple predicate is a nonverbal element in itself while both noun and verb 

of a complex predicate together are part of the verbal structure 

(Megerdoomian 2006). Idioms, however, have their own structure as a whole.  

Based on Prague Dependency Treebank (2003), the borderline between 

complex predicates and verbal idioms are defined as follows: (1) in complex 

predicates, the governing verb is null from semantic point of view, and the 

lexical meaning is determined by the dependent noun. However, the meaning 

of an idiom is interpreted as a whole, not as a combination of meanings of 

individual words; (2) the complex predicate may be replaced by a one-word 

predicate whereas idioms do not have a corresponding one-word predicate; 

and (3) the dependent noun of a complex predicate keeps its valency and 

ability to get modified while the dependent noun of an idiom loses its valency, 
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that is, it cannot be modified freely, and its properties depend on the head of 

the idiom. 

Also, we made sure that our experimental stimuli are not ambiguous as in 

garden path situation where the readers’ most likely and first interpretation of 

the sentence is incorrect, and they go through a costly re-analysis leading to 

slow-down in processing. Based on garden path model, the semantic and 

contextual processing come only after syntactic parsing which causes a re-

analysis of the parse (Frazier, 1987; Trueswell et al., 1993; Pickering and Van 

Compel, 2006). An example for a garden path sentence is ‘the old man the 

boat’ that guides the reader toward a meaning which is not the intended one. 

Such a sentence might seem ungrammatical at the first glance and requires 

careful rereading to be fully understood. In this particular example, ‘man’ 

functions as the verb for ‘the old’ which means that ‘old people work on the 

boat’. So, in the experimental stimuli, we tried to avoid such ambiguous 

situations to rule out extra difficulty (other than the distance and predictability 

manipulation we tested) in parsing the long-distance dependencies.  

Furthermore, in order to make sure that our participants do not engage in a 

good-enough processing approach to come up with a shallow and superficial 

interpretation of the sentence when they face difficulty in comprehension 

(Ferreira et al., 2009), we carefully selected the comprehension-check 

questions targeting different parts of the experimental sentences.  

 

1.6. The current dissertation 

In the present dissertation, we build upon on the work by Husain et al. (2014) 

described earlier. Husain and colleagues’ work on Hindi suggests that the 

strength of the predictability modulates whether locality effects occur or not; 

we investigate this claim cross-linguistically using Persian language, which, 
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like Hindi, has a complex predicate construction that allows us to manipulate 

strong and weak predictability. What motivated us to study the two competing 

accounts of memory and expectation in was the considerably high number of 

complex predicates (versus simple predicates) in this language. Also, what 

makes the current series of studies particularly different from the Hindi 

experiment is that more syntactic complexity is added in the intervening 

materials of the Persian experiments as compared to the Hindi experiments 

where only adverbials separated the parts of the complex predicates. The 

general aim of this study is to understand the effects of memory and 

expectation involved in sentence processing. 

 

1.6.1. Study population 

For the purpose of the current studies, we tested all in all 279 participants who 

were all Persian native speakers, having minimally 12 years of school 

education (up to PhD), with normal or corrected-to-normal eye-sight, and the 

age range of 20 to 40. The 114 participants took part in the pretests (presented 

in the next chapter) and conducted them on an internet-based platform.  

 

For the main studies, 85 native speakers of Persian participated in the online-

masked self-paced reading experiments in Tehran, Iran in March 2014. The 

other 80 participants who took part in the Eye-tracking studies lived in 

Potsdam or Berlin and were tested in the language processing Lab in 

University of Potsdam.  

 

1.6.2. Methodologies 

We used a variety of methodologies to test our hypothesis. Firstly, in order to 

validate our design, we used a sentence-completion task along with an 
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acceptability rating pre-test. Then we did two self-paced reading studies 

followed by two eye-tracking experiments. What initially motivated us to 

replicate and reproduce our result with another method was the recent 

replication crisis in psychology (Open Science Collaboration, 2015). Also, it 

is likely that self-paced reading overburdens the working memory in an 

unnatural manner as it does not expose the whole sentence to the readers’ eye 

which might affect the reading time data. So, our aim was to find out whether 

using a more precise and natural online method like eye-tracking changes our 

results. We specifically looked for the first-pass reading time and regression-

path duration based on the proportion of the participants’ eye gaze across the 

whole sentence.  

 

1.6.3. Statistical analysis 

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

Team, 2013). We analyzed the experiments using the two following 

approaches.  

 

1.6.3.1. Linear mixed models 

The approach we employed for statistical analysis was linear mixed effect 

modeling (LMM; Pinheiro and Bates, 2000) which falls in the category of 

regression models and includes both fixed effects (i.e., predictors) and random 

effects. An implementation of this model ready for use can be found in the 

package lme4 (Bates et al., 2015). In case of large samples, an approximation 

of the normal distribution is represented by the t distribution. An absolute t 

value bigger than 2 shows a significant effect at alpha = 0:05. In order to code 

the main effects and the interactions, sum contrasts were used in the current 

project. 
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As a secondary analysis, a nested contrast was defined in addition to the 

analysis of the main effects in order to look at the effect of distance in complex 

predicates versus the control conditions separately; the conditions were also 

coded as sum contrasts. Based on the rePCA function in RePscychLing 

package (Bates et al., 2015), we analyzed the reading time and chose the most 

complex model possible according to the data and the design. The rePCA 

function performs a Principal Component Analysis (PCA) of the random-

effects variance-covariance matrices for the random effects (items and 

subjects) that allows the modeler to include the appropriate variance 

components. 

 

In statistical analysis of the empirical data, it is highly important to avoid 

overfitting (Bates et al., 2015). Any specific data set can bear only a certain 

amount of complexity in the model and this can be formulated by the number 

of parameters in the model. Mixed-effects modeling also follows this general 

principle. Barr et al. (2013) recommends to fit ‘maximal’ models with all 

possible random effect components included step by step. This idea is 

supported by a tradition in statistics that aims for a verdict on significance in 

factorial designs. Barr et al. (2013) establish their recommendation on a 

simulation study indicating that we can avoid anti-conservative results by 

fitting models which have a rich random effects structure. 

 

During the last decade, significant changes have occurred in approaches to 

statistical analysis of psycholinguistic experiments when random factors are 

included (subjects and items) as well. One of these significant changes is 

specifically a change from analyses of variance to linear mixed models (see 

Baayen et al. (2008) for the first major presentation of this concept).    
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An interesting advantage of the new method is that, with linear mixed models, 

there is no need for separate analyses of variance for subject and items when 

we draw statistical inference about experimental effects and interactions in a 

single cohesive framework (Clark, 1973; Forster and Dickinson, 1976). This 

advantage in coherence does not come without a cost. An important part of 

employing mixed-effects models for analyzing the results of the experiments 

is the way proper random-effects structure is selected. Basically, linear mixed 

models consider variance in random intercepts and random slopes as well as 

the correlations between these two (Bates et al., 2015).  

 

1.6.3.2. Bayesian inferences 

The second approach we employed for statistical analysis was using Bayesian 

hierarchical models using Stan (Stan Development Team, 2014; Gabry and 

Goodrich, 2016). Sum contrasts were used in our study in order to code the 

main effects and interactions.  

As a secondary analysis, a nested contrast was fitted in addition to the analysis 

of main effects so that we can find the effect of distance in complex predicate 

conditions versus simple predicate conditions; these nested contrasts were also 

coded as sum contrasts. For all the participants and items, we employed the 

so-called maximal models which are full variance-covariance matrices (Barr 

et al., 2013; Bates et al., 2015). 

 

In order to check if there is an effect of a specific factor, according to Bayesian 

modeling, we measure whether or not the 95% uncertainty interval includes 

zero (Safavi et al., 2016). For the review of Bayesian statistical modeling in 

psycholinguistic research refer to Sorensen and Vasishth (2015); Nicenboim 

and Vasishth (2016). 
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1.6.4. Structure of the dissertation 

In the next three chapters, our research will be presented in the form of three 

related studies. In each of these chapters, two experiments are included. 

Chapter 2 will be allocated to the pre-tests that allowed us to validate our 

experimental design and proceed to the main studies. In this chapter, we will 

derive the predictions of the expectation-based account through sentence 

completion tasks.  

 

Then, we will check for the acceptability of the separable complex predicates 

which are used as the stimuli. A corpus analysis of the conditional probability 

of the light verbs in Persian will be presented in the second chapter as well. In 

chapter 3, we will present the first two online experiments with the self-paced 

reading methodology. In chapter 4, the two studies conducted with eye-

tracking method will be described. Chapter 5 presents a general discussion on 

the research we have conducted and the implications for the theories that were 

tested. Possible further directions will be discussed in chapter 5 as well.  

 

 

 

 

 

 

 

 

 


