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1 Introduction 

When we communicate via language, we have the option to mark certain pieces of information in our message 

as especially relevant, important, or new. Such marking of bits of information is called linguistic focus marking. 

Consider the example in (1a) (linguistically focused elements will be set in small capitals henceforth).  

(1) a. It is his WALLET that John lost at the party. 

 b. John lost his wallet at the party. 

In example (1a), the element wallet is focused, while the same linguistic element is not in (1b). The focus 

containing sentence in (1a) may be used to convey the message that it is his wallet that John lost, as opposed to 

some other object, such as a key or a cellphone. The phenomenon of focus is ubiquitous in languages, and it 

has attracted substantial attention in the fields of both theoretical linguistics and psycholinguistics. The current 

Thesis also sets out to investigate this phenomenon, and asks two central questions. 

The first question pertains to the mental representation of the linguistically focused information. The question 

of representation becomes especially intriguing considering the functional definition of focus above: if linguistic 

focus serves to indicate that a certain piece of information is new or especially important, can we show that 

focused information is represented differently in the mind than non-focused information? For example, is wallet 

represented differently in the addressee if she hears (1a) as opposed to (1b)? We will address this question by 

examining three processes related to the representation of focused information: i) the encoding of the 

linguistically focused information (i.e. the process of forming the representation of the focused element in the 

mind), ii) the retention of the representation associated with the focused element in memory, and iii) the 

accessibility to this representation in memory, i.e. the ease with which such a representation is retrieved. To 

investigate these questions, we set out to test the hypothesis that focus modulates the attention of the addressee 

during the processes of encoding and retention. Additionally, we also hypothesized that representations 

associated with linguistically focused elements are more easily accessed in memory. We also propose that the 

observed attention capturing properties of focus can be accounted for by relying on the extra-linguistic factor 

of prominence: since focus is the most prominent part of the sentence by virtue of its phonologically, 

syntactically, or morphologically marked nature, it captures the attention of the addressee. Thus, prominence is 

a factor which accounts for our observations pertaining to the representation of focused elements. 

The second question relates to the interpretation of focus containing sentences. It has long been observed that 

sentences with focus are interpreted exhaustively, i.e. in a way that the assertion in the focus containing predicate 

is considered to be true only for the piece of information marked for focus. For example, hearers of (1a) will 

most probably infer that John did not lose anything else apart from his wallet at the party. The source of this 

interpretational component has also long intrigued researchers: the central question is whether exhaustivity is 

an immanent syntactic-semantic feature of focus constructions, or whether it is calculated via the involvement 

of more general pragmatic principles. We address this question by testing the hypothesis that the exhaustive 

interpretation of focus constructions is generated as a scalar type pragmatic implicature. 

Finally, we make an attempt to offer an explanation for the exhaustive interpretation of focus based on results 

pertaining to its attention controlling properties by claiming that exhaustive interpretation can be derived from 

the interplay of linguistic focus marking and the mechanisms of attention. More specifically, we conjecture that 

exhaustivity is the consequence of the selective nature of attention which is guided by linguistic focus. 

Before turning to the details, let us present the Thesis points and the related Studies below.  

  



 
 

5 
 

THESES: 

Thesis 1 (see Study 1): 
Encoding: Focused elements are allocated more attention during Working Memory encoding 

Thesis 2 (see Study 1): 
Retention: Focus modulates the refreshing of the representation associated with the focused element in Working 
Memory 

Thesis 3 (see Study 2): 
Alternatives: Focus activates the representation of a set of alternatives in Working Memory 

Thesis 4 (see Study 2): 
Retrieval: Focus enhances the accessibility of the focused element in Working Memory  

Thesis 5 (see Study 1): 
Focus is a grammaticalized means to express prominence 

Thesis 6 (see Study 3):  
Contextually available sets motivate the use of the pre-verbal focus  

Thesis 7 (see Study 4 & 5): 
Context modulates the rate of exhaustive interpretation associated with the pre-verbal focus 

Thesis 8 (see Study 4 & 5): 
Context modulates the mental processes associated with the computation of exhaustivity 

Thesis 9 (see Study 4 & 5): 
The exhaustive interpretation of the pre-verbal focus is best seen as a scalar type implicature 

Thesis 10 (see Study 1): 
Exhaustivity associated with focus is derivable from its attention capturing properties 

STUDIES: 

Study 1: 
Káldi, T., & Babarczy, A. (2021). Linguistic focus guides attention during the encoding and refreshing of 
working memory content. Journal of Memory and Language, 24. 

Study 2: 
Káldi, T., Szőllősi, Á. & Babarczy, A. (to appear in Frontiers in Psychology). Hungarian structural focus: accessibility 
to focused elements and their alternatives in Working Memory and delayed recognition memory 

Study 3: 
Káldi, T., Madarász, L., & Babarczy, A. (2020). Contextual triggers of the Hungarian pre-verbal focus structure 
– A guided production study. In V. Hegedűs & I. Vogel (Eds.), Approaches to Hungarian, 16:73–96. 

Study 4: 
Káldi, T., Babarczy, A., & Bende-Farkas, Á. (2016). Hungarian Focus: Presuppositional Content and 
Exhaustivity Revisited. In J. Emonds & M. Janebová (Eds.), Language Use and Linguistic Structure, Proceedings of the 
Olomouc Linguistics Colloquium 2016, 245-262. Palacký University Press. 

Study 5: 
Káldi, Tamás, and Anna Babarczy. 2018. “Linguistic Exhaustivity Inference Is Context Dependent: A 
Visual-World Eye-Tracking Study on Hungarian Focus.” Acta Linguistica Academica, 65(4):547–95. 
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2 Focus 

2.1 Focus in general 

An idea that we want to communicate can be expressed through various linguistic forms depending on what 

aspect of that idea we consider important, new, or especially relevant. For example, the sentence in (2a), in 

which Carl is given prosodic prominence, may answer the question who likes herring? In this case, the prominent 

part of the sentence corresponds to new information required by the question. Also, (2a) may express that the 

person who likes herring is Carl and not someone else. Thus, in this case, prominence may mark contrast with 

respect to the sentence Ted likes herring. 

(2) a. CARL likes herring. 

 b.  Carl likes HERRING. 

Alternatively, if herring is prominent, as in (2b), the sentence may express that it is herring and not some other 

seafood that Carl likes. Also, the presence of prosodic prominence in (2b) may express that the item herring 

conveys a new piece of information, one that is not recoverable from the discourse. In this case, the sentence 

may be an answer to the question What seafood does Carl like? Thus, examples in (2) demonstrate that the linguistic 

form of an utterance will reflect the status of certain pieces of information conveyed by that utterance. Items 

expressing new, important or especially relevant information (such as Carl and herring in their respective 

examples), are called the focus of the sentence. When an expression is not given prominence (such as Carl in 

(2b)), it may signal that information carried by this expression has been introduced into the discourse earlier. 

This expression denotes the entity about which the statement is made, and this is called the topic of the sentence. 

Topic and focus are two central notions of information structure, i.e. the linguistic form which is used to package 

information in linguistic expressions (Chafe 1976; Krifka 2008). The present Thesis concentrates on focus. 

Over the course of the past sixty years, several attempts have been made to provide a unified theory of focus. 

However, this endeavor has proven to be particularly difficult, since i) focus marking may take various 

communicative roles (as exemplified via the examples in (2)), and ii) there are a multitude of strategies employed 

by languages to mark expressions for focus. As a consequence, accounts of focus marking in the domain of 

linguistics are highly divergent. Some authors argue that the function of focus marking is to bring a piece of 

information into the foreground while backgrounding the rest of the proposition expressed by a sentence (e.g. 

Krifka 1992; Stechow 1991). Others see the focused item as the part of the sentence that the speaker assumes 

to contain new or unpredictable information for the listener, or is especially informative to the listener (Halliday 

1967; Jackendoff 1972; Knud 1994). A third family of answers maintains that the function of linguistic focusing 

is to evoke a set of alternatives with which the referent of the item marked for focus is contrasted as the one 

that is of relevance in the discourse (Rooth 1992; É. Kiss 1998; Krifka 2008). An additional account posits that 

sentences containing linguistic focus are answers to implicit questions in discourse, and that the focused element 

constitutes the part about which the implicit question is made (Roberts 1998). What is common to these 

approaches is that they place focus marking firmly in the domain of language and assume that focus has some 

sort of semantic meaning clearly encoded by its associated grammatical structure. 

Another strand of research seeks to capture the core properties of focus outside the domain of linguistics, and 

concentrates on its psychological aspects. Accounts in this strand emphasize the attention capturing properties 

of focus. For example, Sanford et al. (2006) has shown that linguistic expressions are better remembered if they 

are marked for focus compared to when they are in a neutral, non-focused position. Based on this finding, the 

authors conclude that the representation of the expressions corresponding to the focused element is enhanced, 

since focus “captures the attention” of the addressee, and consequently, focused expressions are subject to 

deeper processing. The depth of processing enhances the memory representation of the focused element. In 

line with this reasoning, Stevens & Roberts (2019) argue that linguistic focus marking is a way to encode 
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prominence in grammar, and as such, it is a solution to the problem of communicating information efficiently 

while reducing the risk of it being lost in a noisy environment. Ferreira & Lowder (2016) propose a model 

integrating the depth of processing approach with the linguistic approach. The authors argue that what goes on 

here is that since old, presupposed or given information is predictable, it requires no more than superficial 

processing on the part of the addressee, while the parts of the sentence expressing new and unpredictable 

information will be processed in more detail. 

Despite the considerable diversity of its functions and interpretations discussed in the literature, authors in the 

theoretical linguistic, psycholinguistic and psychological domains agree that linguistic focus has certain central 

properties that can be captured by a concise definition. In order to lay the groundwork for further discussion, 

we adopt one of these definitions as formulated by Stevens (2017): focus constitutes the part of the sentence 

which conveys the most informative or important piece of information within the context of that sentence, and 

which is marked as such by some linguistic means. 

2.2 Focus in Hungarian 

It is also important to mention another characteristic of focus latent in the discussion so far: focus seems to be 

universally present in human languages (É. Kiss 1995; Stevens & Robert 2019). In the examples in (2), focus is 

marked by prosody, which is one option in English. Another one would be to use a cleft construction, such as 

it is herring that Carl likes in which herring is marked for focus by syntax (and prosody if the sentence is uttered) 

(an example is also provided in (1a)). Languages may employ a variety of different focus marking strategies, such 

as syntax, prosody, morphology, or a combination of these. In Hungarian, for instance, which is the language 

used for the experiments reported in the current Thesis, the focused element occupies an immediately pre-

verbal position and bears the main pitch accent in the sentence. Hence, we shall refer to this construction as the 

pre-verbal focus henceforth. 

Since the purpose of the present Thesis is not to describe the structural properties of Hungarian focus in detail, 

but to reveal psychological aspects related to its processing and to investigate some of its interpretational 

properties, we present a brief, informal characterization of the focus construction at hand, as exemplified in (3a) 

(for an extensive discussion of Hungarian information structure, see e.g. Gyuris 2012). 

(3) a. Mari egy KALAPOT próbált fel. 

  Mary.NOM a hat.ACC try.PST3SG up 

  Mary tried on a HAT. 

 b.  Mari felpróbált egy ’kalapot. 

  Mary.NOM up-try.PST3SG a hat.ACC 

  Mary tried on a hat. 

The sentence in (3a) is an example of a pre-verbal focus (preVf), also referred to as identificational focus (É. 

Kiss 1998). In this construction, the focused element sits immediately pre-verbally and the verbal modifier, 

which is responsible for modifying the meaning of the verb or for expressing aspect occupies a post-verbal 

position (É. Kiss 2002). Also, the focused element bears a so-called eradicating stress, i.e., it is assigned a 

prominent sentential stress which “eradicates” all subsequent stresses in the remaining part of the focus 

containing clause (Kornai & Kálmán 1988). The sentence in (3b) is an example of a post-verbal focus (postVf), 

also referred to as in-situ, presentational, or information focus (É. Kiss 1998). In this sentence, the post-verbal 

element is assigned main stress and carries new information, while the verbal modifier occupies the immediately 

pre-verbal position. In both sentences the subject noun phrase corresponds to the topic of the sentence. 

As noted in the Introduction, we aim to contribute to a general understanding of focus by examining the 

phenomenon in a language that is typologically different from those primarily studied so far, such as English or 

German. The examination of Hungarian focus serves this purpose well. In the Germanic languages at hand, the 
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information structural roles of focus and topic may either be expressed through prosody (cf. sentences in (2)), 

or through particular syntactic structures, such as the cleft construction (1a), or passivization, while word order 

is primarily maintained for the expression of grammatical roles, like subject and object. In other words, 

grammatical roles are marked via the configuration of constituents. Hence, these languages are categorized as 

configurational languages. On the other hand, in Hungarian, the configuration of constituents expresses 

information structural roles as opposed to grammatical roles (É. Kiss 1995). Since information structural roles 

are dependent on discourse, the category of languages to which Hungarian belongs is called discourse 

configurational languages. We contend that a general focus theory has to accommodate findings on languages 

belonging to different typological categories. Since evidence informing such theories comes mainly from 

configurational languages (such as English and German), we consider it important to extend the investigation 

also to discourse configurational languages, such as Hungarian. Accordingly, one of the goals of the present 

Thesis is to study the psychological and interpretational characteristics of the Hungarian pre-verbal focus in 

particular, and thus to contribute to extending our knowledge on linguistic focus in general. 

2.3 Focus as the most prominent part of the sentence 

Ever since focus, as an information packaging device was first recognized and analyzed, prosodic prominence 

has also been associated with it. The first observations regarding prominence as its definitive characteristic were 

discussed in the theoretical literature. For example, one of the first accounts was formulated by Halliday (1969), 

who observed that in English one has the option to select an element within an ‘information unit’, and to assign 

phonological prominence to this element marking it for focus. Later, the analysis of focus as a discourse function 

was developed, still heavily relying on English data with the aim to capture its core properties and to account 

for its realization (see e.g. Chomsky 1971). Such accounts also identified prominence as a definitive property. 

For example, Rochemont (1986), adopting the current version of Chomskian generative framework of the time, 

claimed that any phonologically prominent constituent will be interpreted as focus in the S-structure 

representation of the sentence (If ‘a’ is prominent, then ‘a’ is [+ focus], p. 33).  

As investigation was further extended to other languages, it was established that focus marking may not only be 

realized by phonological prominence, but by a dedicated construction type (e.g. cleft), syntactic position (e.g. 

the pre-verbal position in Hungarian), or morphology (e.g. in Quechua, see e.g. O'Rourke, 2005). These 

observations not only showed that the discourse function of focusing is universal, but also that the traditional 

Chomskian syntactic analysis of focus could not be applied to a variety of languages. Hence, the term discourse 

configurationality was developed, and new approaches to focus appeared (see É. Kiss 1995 for a comprehensive 

discussion). However, one central claim regarding focus persisted: prominence was and has been central in 

accounts of focus. In line with this, a theoretical treatment of the Hungarian sentence intonation by Kornai & 

Kálmán (1988) claimed that focus is the most prominent element in the sentence. The authors propose an 

analysis in which elements may be marked for f (i.e. focus) in the post-lexical representation of a sentence. If f 

marking occurs, a so called Eradicating Rule applies which will delete all accents following the f marked element 

until the next f marked element or phrase boundary. This is the stress type that has been referred to as eradicating 

stress in the literature on Hungarian focus. Kornai & Kálmán (1988) also suggests that the eradicating stress is 

stronger than any other stress in the sentence. In other words, a focus marked element will be the most 

prominent one. In another influential analysis, Szendrői (2001) examining focusing in three typologically 

different languages, English, Italian, and Hungarian, built on the generalization that the focus in a clause is any 

syntactic constituent within which the main stress of the intonational phrase corresponding to that clause is 

realized (also see Reinhart 1995). Szendrői claims that while in English it is possible to express focus in situ by 

placing the main stress on the focused element, in Italian and Hungarian the default positions of highest 

prosodic prominence within the sentence are the right-periphery and left-periphery respectively. Therefore, in 

order for focus to be expressed, elements ‘move’ to these prominent positions. Another work by Büring (2008) 

also examined a number typologically different languages, in which focus is expressed in various, seemingly 
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unrelated ways. However, Büring claims that this variety in focus marking strategies is governed by one simple 

principle, which he terms the Prominence Theory of Focus Realization: Focus needs to be maximally prominent (p. 

2). In Büring’s account the different focus realizations in languages are the result of of how this principle applies 

depending of the characteristics of the given language: headedness, strategies of syntactic and prosodic 

adjustment (i.e. movement, boundary insertion/deletion), the phonetic realization of phrase boundaries, and so 

on. To conclude, even this short and simplified outline of theoretical accounts illustrates that although certain 

theories may diverge in technical details, prominence, as a definitive element of focus is central to each. 

Results of empirical studies using acoustic measurements have supported the view that focus is indeed the most 

prominent part of the sentence (for results in Germanic languages, see e.g. Gussenhoven 2008, Spalek et al. 

2014). In a particularly interesting study, Genzel et al. (2015) carried out acoustic measurements on the 

Hungraian preVf. The investigation of this focus type is especially interesting, as in Hungarian focus is not only 

marked prosodically, but also syntactically, hence it is different from the in situ prosodic focus commonly 

observed in the well-studied Germanic languages. The authors used a production paradigm experiment in which 

participants were instructed to read contextually embedded preVf sentences. The manipulated contextual factors 

were i) givenness of background, and ii) contrastivity of focus. Experimental questions included whether i) focus 

is given prosodic prominence, ii) the non-focused part of the sentence is reduced in prominence, and iii) 

givenness and contrast have an effect on the prosodic realization of preVf sentences. Analysis of acoustic data 

revealed that in preVf the focused element is always realized with a more prominent prosody (higher F0 and 

steeper fall), however, the non-focused background part remains unaffected. Regarding the third question, the 

authors found that the accent on the focused element is not affected if the focus expresses contrast, while there 

is a deaccentuation of the background part in the presence of contrast, or if the background is explicitly given 

earlier in the context. Hence, Genzel et al. (2015) provide sound empirical evidence for the claim that 

prominence is a central characteristic also to the Hungarian pre-verbal focus construction. 

Mády (2015) approached the question of focus prominence drawing upon a distinction along the dimension of 

prosodic plasticity: English is claimed to be a prosodically plastic language, since prosody alone can express 

focus by accenting the focused element (in-situ focus). In other words, the same string of elements can be 

realized in speech with a range of different prosodic patterns depending on the information structural status of 

these elements. However, as Hungarian expresses focus via a structural configuration, the use of prosodic 

prominence to mark focus becomes redundant: syntax alone would be sufficient. The author examined the 

prosodic realization of focused elements in contextually embedded preVf sentences in two conditions. In one 

condition the preVf expressed identification (narrow focus), in the other condition it expressed contrast. Results 

showed that the focused elements were marked by emphasis in both conditions, however, the realization of this 

marking was not consistent in speakers. Thus, Mády (2015) concluded that although prosodic marking of focus 

is present in Hungarian its use is optional supporting the view that syntactic marking may be sufficient. 

Taken together, prominence also plays a role in focus marking in Hungarian. On the one hand, it is marked by 

a dedicated syntactic position, such as the immediately pre-verbal slot. On the other hand, it is marked by 

prosodic emphasis, as Genzel et al. (2015) and Mády (2015) jointly suggest.  

Interestingly, the role of prominence in focus marking can not only be studied via the investigation of natural 

languages. In a compelling work, Stevens & Roberts (2019) proposes that focus is not strictly a grammar-internal 

feature of languages (as for example gender marking), but that it emerges governed by language external 

constraints or pressures on communication. The authors argue that if this is indeed the case, the emergence of 

a strategy analogous to focus in natural languages should emerge also in the case of non-verbal communication. 

In order for the analogy to be valid, focus needs to be defined in a way that this definition does not only apply 

for linguistic focus, but also for the non-verbal analogy. Hence, Stevens & Roberts (2019) propose a broad 

definition applicable within communication theory, and claim that focus is the selective application of 

redundancy to a piece of information within a message. The authors identify two constraints on communication 
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that determine the allocation of redundancy. One of these constraints is the need to combat noise. To achieve 

this, redundancy is applied to critical elements. To illustrate the point, the authors provide the example of adding 

redundancy during spelling, whereby a word like cat may be spelled out as “Charlie Alpha Tango” instead of 

“cee ay tee”. The strategy is frequently used in situations where noise may disrupt the transmission of 

information, such as aviation. The other constraint is efficiency. Adding redundancy requires extra effort, 

therefore, in order to optimize the efficiency of communication, redundancy is applied selectively only to 

portions of the utterance that are new or especially important, while portions that are old, or recoverable from 

the context are not made redundant. Thus, peaks of prominence are created in the flow of utterances whereby 

the pattern of redundant and non-redundant chunks are created. This pattern of prominent and less prominent 

portions maps approximately onto the pattern of focused and backgrounded material in speech (see also Stevens 

2016). 

In order to test the hypothesis that a focus like phenomenon emerges in non-linguistic communication, Stevens 

& Roberts (2019) applied a non-linguistic communication game and investigated whether redundancy is indeed 

applied selectively. Factors of pressure such as noise, effort and time limitation were introduced as manipulated 

variables to study how such a strategy of distributing redundancy analogous to focus develops as the need for 

efficiency increases. The game was played by two participants who saw a grid on a screen. The task was to 

transmit information about patterns of lines in the cells. The game was played in turns, participants 

communicated by clicking on cells. The background or given information corresponded to overlapping lines 

from earlier rounds, whereas new information corresponded to lines that had not been presented. Results 

showed that when there was no pressure on communication, no peaks in the distribution of redundancy was 

observed. However, as pressure was increased, focus like patterns emerged in the distribution of redundant and 

non-redundant messages. Interestingly, accuracy was relatively consistent under different degrees of pressure 

suggesting that economizing does not lead to a deterioration in the ability to communicate. 

To conclude, in information theoretic terms linguistic focus is a grammaticalized means of adding redundancy 

selectively to an utterance. In natural languages, redundancy may be added via the application of prosodic 

prominence, the use of a prominent syntactic position, morphological marking, or a combination of these. We 

find the information theoretic approach especially appealing, as it not only facilitates hypothesizing about how 

focus emerges, but also provides a basis for hypotheses about how focus is processed and represented in the 

mind. 

3 Representation 

According to the definition of focus adopted for the present Thesis, the focused part of the sentence carries 

information that is especially informative or important within a given context. This formulation motivates a set 

of conjectures regarding the psychological aspects of linguistic focus, some of which were tested in the 

experiments reported below. Before turning to these conjectures, let us consider an everyday scenario, such as 

(4), in which a focus containing sentence is used. Also, let us take into account some of the tasks that the mind 

has to perform in order to process that sentence. 

(4) Background: The interlocutors know that Carl is coming over for dinner tonight. 

 A:  I wonder if Carl likes seafood. 

 B:  Well, he likes HERRING. 

 A:  That’s great! I’ll go and see if we have some in the freezer. 

The first utterance of speaker A refers to a set of seafoods whose members are potential alternatives, such as 

shrimp, mussels, cod, herring etc. Speaker B’s response selects one member from this set. As the expression 

referring to this element carries the most relevant piece of information in B’s sentence, it is marked for focus. 

Upon hearing B’s response, A encodes this piece of information into her mind (namely that herring was selected 

from the contextually given set of alternatives), retains it for a certain period of time, and retrieves it when 
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opening the freezer and starts searching for the package of herring. In short, upon hearing B’s response, A’s 

tasks include encoding, retaining and retrieving information corresponding to the focused expression. In order 

to carry out these tasks, A uses her Working Memory (WM): the cognitive system responsible for storing, 

processing and manipulating information needed for a given cognitive task for a limited period of time (Baddeley 

2003). Irrespective of theoretical stance, it is agreed that WM carries out the above tasks by holding information 

in an elevated state of availability for the purposes of a current task for a limited amount of time (Adams et al. 

2018). The information that A’s WM uses to solve the task at hand uses the mental representation of the 

information carried by the focused expression. The predictions tested in the experiments reported below pertain 

to processes related to such representations. More specifically, they bear on the formation of the representation 

of the focused element in WM (i.e. its encoding), its retention, and its retrieval. One of the central claims of the 

present Thesis is that linguistic focus directs the attention of the addressee to the focused element. As a corollary, 

it is assumed that the focused element is subject to more in-depth processing which in turn results in the 

formation of a more detailed representation (for earlier results see e.g. Sanford et al. 2009; Sturt et al. 2004). 

Therefore, we also ask how fine grained the representation of focused elements may be in the case of the 

Hungarian focus construction. 

The situation in (4) illustrates a further point regarding focus representation prominently discussed in the 

literature: the representation of the set of alternatives to the focused element. In intuitive terms, speaker B’s 

sentence implies that among different kinds of seafood it is herring that Carl likes, and not any of its alternatives, 

such as shrimp, mussels, cod etc. In other words, focus is interpreted in terms of the alternatives that it evokes. 

As will be discussed in greater detail in Section 3.2.2 (see also Study 2 in Appendix), the set of alternatives is 

contextually determined. For example, in the situation in (4), the context is created by speaker A’s sentence in 

which seafood is mentioned. Had speaker A mentioned the set of foods in general (for example in the form of 

a question: I wonder what food Carl prefers), the set of alternatives would be larger and would probably include pork, 

pasta, mushrooms, cheese etc. The general point is that whatever the context, a set of alternatives is always 

relevant for the interpretation of focus. This idea provides the basis for the so-called alternative semantics 

approach to focus (Rooth 1985, 1992; Kenesei 2006). Based on the theoretical considerations of this approach, 

it is reasonable to assume that alternatives are also activated in the mind. In other words, the alternative 

semantics approach to focus interpretation may have psychological reality. This assumption has been tested 

with confirmatory results by a broad array of studies using configurational languages (see Section 3.2.2). In the 

current work, we ask whether this is also true for a discourse configurational language, such as Hungarian. 

Taken together, the present Thesis addresses the following issues pertaining to focus representation: the 

encoding of focused elements (i.e. the formation of focus representations in memory), the retention and retrieval 

of the representation of the focused element, the semantic detail of the representation associated with the 

focused element, and the representation of its alternatives.  

Regarding the three WM processes, our point of departure is a functional characterization of focus, neatly 

summarized by Sanford et al. (2006), which claims that focus serves to capture the attention of the addressee. 

Based on this, we formulated the following predictions with respect to the Hungarian pre-verbal focus (preVf). 

▪ Encoding: The focused element is allocated more attention during the process of encoding. 

▪ Retention: The focused element is allocated more attention during the process of attentional refreshing. 

▪ Retrieval: The focused element is more readily accessible in WM.  

Regarding the representation of alternatives, our point of departure was the alternative semantics approach to 

focus (Rooth 1985, 1992). In line with the results of psycholinguistic research on languages such as English and 

German, we assumed the following: 

▪ Alternatives: PreVf activates a set of alternatives in the mind. 

In the following, each of these conjectures are discussed in greater detail.  
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3.1 Memory representation processes 

3.1.1 Encoding 

Brassai’s (1860, 1865) observations on the structure of Hungarian sentences, made more than one and a half 

centuries ago, neatly introduces our discussion pertaining to the encoding of focused elements. The author 

divided the sentence into two parts and claimed that the expressions in the part that we today identify as focus 

“practically lay a basis for the meaning of the sentence in the listener’s mind, i.e., they are calling attention, and 

pointing forward, connecting the mental activity of the listener with that of the speaker” (1860, p. 341; 

translation by É. Kiss 2008, p. 55). This functional characterization is especially appealing, since it precisely 

foreshadows the course of psycholinguistic investigation on focus investigating how attention is modulated 

during the encoding of focused elements. This strand of research is centered on the idea that focus functions 

as an attention capturing device (Sanford et al. 2006). In the present Thesis, the tenability of this functional 

characterization will be tested in the case of the Hungarian pre-verbal focus construction with the use of a 

method that measures the psychophysiological correlates of attention allocation, namely through pupillometry. 

We contend that using this method is especially important, since the question at hand has been investigated 

primarily with methods that allow rather indirect conclusions. 

For example, in a seminal paper, Bredart & Modolo (1988) used it-cleft constructions, a type of syntactic focus, 

to investigate whether the so-called Moses illusion is modulated by focus. The authors presented anomalous 

cleft sentences (e.g. It was Moses who took two animals of each kind on the Ark) in a sentence verification task and 

measured how frequently participants spotted the anomaly as a function of whether the incongruous item (i.e. 

Moses) was focused or unfocused. The results indicated a higher detection rate in the focused condition lending 

support to the idea that focus indeed guides the attention of the addressee to the focused element. Other studies 

carried out in a similar vein revealed that focused information is identified more rapidly (Cutler & Fodor 1979), 

and incongruence of visual and verbal stimuli is more readily detected if the linguistic expression causing the 

incongruence is focused (Hornby 1974). 

In a particularly interesting work, Weber et al. (2006) (see also Sedivy et al. 1999) tracked participants’ eye-

movements while presenting verbal instructions with contrastive focus in a visual world paradigm experiment. 

Each trial consisted of two sentences: the first one introduced a referent (Click on the purple scissor), while the 

second one either referred to a contrast element (Now, click on the red scissor) or a non-contrastive referent (Now, 

click on the red vase). The authors manipulated the presence of contrastive pitch accent on the adjective and the 

noun. The visual stimuli included objects corresponding to the noun expressions in the sentences. The main 

question of the study was whether listeners are able to use information from contrastively accented adjectives 

for an early determination of reference. The result showed that the presence of the adjective facilitated the looks 

to the contrast object. More interestingly, the authors found an interaction: when the adjective was contrastively 

accented, it facilitated the looks to the contrastive object even more. While these results clearly show that the 

function of contrastive focus is to guide the attention of the listener, the paradigm used by Weber et al. (2006) 

introduced a special context and used focus in a special, contrastive way. Thus, although the findings are 

revelatory, the question remains whether the conclusion regarding the attention controlling effect of focus can 

also be extended to other, non-contrastive uses. 

A few studies investigated the modulation of attention by linguistic focus using eye-tracking in reading 

paradigms. In one such study, Birch & Rayner (1997) argued that if focus marking indeed leads to a better, or 

“privileged” state of activation for the focused item, and it also makes this item more accessible in memory, 

then the process of encoding associated with a focused item should also be more elaborate as reflected by eye-

movements. To investigate this possibility, the authors compared the reading times of syntactically focused and 

non-focused elements. The results showed that there was a greater probability of regressions and a greater length 

of regression-fixations to focused elements suggesting that higher level processes such as integration and the 

analysis of information-structural status are more active during the encoding of focused elements. The authors 
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concluded that focused elements are subject to more elaborate encoding, and contend that their findings explain 

the observations on higher detection rates of anomalies, incongruence, or errors such as those reported in 

Bredart & Modolo (1988), Cutler & Fodor (1979), and Hornby (1974). 

The attention capturing properties of focus have also been investigated with the change detection paradigm. 

For example, Sturt et al. (2004) reasoned that if we can show that focused elements are more accessible in WM, 

and their representation is more detailed (or more fine grained), we can conclude that focused elements are 

subject to more elaborate encoding. More elaborate encoding is, in turn, the result of higher attention allocation 

to the focused element. The authors tested this conjecture by presenting participants with short texts containing 

a cleft sentence in which the target word was either focused or not. Critical probes were the same texts 

containing one change: the target word was either replaced by a semantically related word, or a semantically 

unrelated word. The results revealed that the detection rates were equally high irrespective of focus in the 

unrelated condition. However, in the semantically related condition, focus made a difference: while changes 

were significantly less likely to be detected when the critical noun was not focused, detection rates remained 

high in the related condition when it was in focus. Based on these results, the authors concluded that focus 

indeed directs attention to the focused element. 

The brief survey of studies above clearly illustrates the main approaches that have been taken to study the 

relationship between attention and linguistic focus: the conjecture that focus guides the attention of the 

addressee to the focused element has primarily been studied using rates of anomaly or error detections, the 

speed with which referents are identified in the visual world, by measuring gaze patterns during the reading of 

focused elements, or by change detections rates. Note, however, that the evidence provided by these studies is 

either restricted in scope or is rather indirect with regards to our original question, namely how focus modulates 

attention during the encoding of the focused element. 

Thus, our primary goal has been to take a step towards applying a method that enables the examination of 

attention allocation more directly, and to test the conjecture that linguistically focused elements receive more 

attention during encoding. As will be seen, the applied method involves measuring the psychophysiological 

correlate of attention allocation, namely pupil dilation. 

The measurement of pupil size served to gauge attention allocation during the encoding of the focused element, 

i.e. the formation of its representation in WM. We chose this measure, since it has been shown by a wide range 

of studies that cognitive tasks are reliably accompanied by phasic pupil dilation changes. For example, pupil 

dilation positively correlates with cognitive load (see e.g. Hess & Polt 1964; Kahneman & Beatty 1966; Goldinger 

& Papesh 2012; Hyönä & Alaja 1995), mental effort as modulated by incentive to solve a cognitive task (Heitz 

et al. 2008), and attentional load (see e.g. Hoeks & Levelt 1993; Aston-Jones & Cohen 2005; Sara 2009; Mathôt 

et al. 2013; Johnson et al. 2014; Koelewijn et al. 2015). Due to its reliability, Beatty & Lucero-Wagoner (2000) 

proposed that change in pupil size should be seen as a reporter variable for human cognitive processes. 

Two studies among those investigating the relationship between change in pupil size and attention allocation 

bear special relevance for our purposes. Firstly, Kang, et al. (2014) showed that such changes are strictly time-

locked to changes of attention allocation. This is especially relevant, since linguistic stimulus unfolds over time 

by nature, therefore we needed a measure that is reflective of attentional processes during the time course of 

processing the focus containing sentences. Secondly, Ariel & Castel (2014) demonstrated that attention is 

allocated selectively during WM encoding depending on the degree of importance of the item to be encoded, 

and this is reflected in pupil dilation. This finding is also important, since it reflects on the definition adopted 

for our Thesis: if focus refers to the portion of an utterance which is especially informative or important, this 

should be reflected in pupil measures. It is also interesting to mention that not only pupil size changes under 

constant luminance levels are reliable indicators of cognitive load, but also the modulation of the pupillary light 

reflex: after constriction incurred by the presentation of a bright stimulus, the rate with which pupil size recovers 

is modulated by the content of the stimulus (erotic, violent or neutral) (Henderson et al. 2014) or by the 
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attentional load it requires for performing a certain cognitive task (Fabius et al. 2017). As will be detailed in 

Section 3.1.1 (see also Study 1), we used the modulation of the pupillary light reflex to investigate the cognitive 

load associated with the encoding of linguistically focused elements.  

3.1.2 Refreshing 

After the information related to the focused element has been encoded, its representation has to be maintained 

in WM before it can be used. Consider again the scenario in (3) above, in which speaker A is going to check if 

there is herring in the freezer: after encoding the information that it is herring that Carl likes, speaker A has to 

maintain this piece of information in her memory to use it later in the search task. The attention based process 

of actively maintaining information in WM is called refreshing (Vergauwe & Langerock 2017; Souza, et al. 2018). 

During the process of refreshing, attention is actively allocated to the memory representation to be maintained 

so that it can be retrieved more efficiently when needed. Thus, the accounts which claim that the function of 

focus is to guide the attention of the listener should also apply here. In line with the above, we conjecture that 

more attention is allocated to the representation of a focused element while it is maintained in WM. 

Two independent findings jointly support our conjecture. First, it has been found that focused elements are 

more accessible in WM (see e.g. Sturt et al. 2004; Sanford et al. 2006; Sanford et al. 2009; Ward & Sturt 2007; 

Almor & Eimas 2008; and Section 3.3 for further details). Second, it has also been found in the non-linguistic 

domain, that the elements that are refreshed at a higher rate (i.e. receive more attention during memory 

retention) are also more accessible in WM. For this reason, it seems reasonable to assume that the 

representations of focused elements also receive a higher rate of refreshing. 

The above mentioned findings in the non-linguistic domain come from two strands of research. One of these 

is the literature on the retro-cue effect. In retro-cue experiments, a set of items are presented on a screen, and 

the participant is informed that they will have to perform a WM task with relation to this set. The stimuli then 

disappear and a visual cue is shown (retro-cue) marking the location or a certain feature of one element in the 

memory set (e.g. an arrow pointing at the location where the target stimulus appeared on the screen, or a color 

sample showing the color of the target item etc.). The participant is later asked to perform a memory task with 

the cued element. The results of these experiments reveal that WM performance is better for cued items than 

for non-cued items, i.e. cuing a particular item leads to a so-called retro-cue benefit. The underlying assumption 

behind the retro-cue paradigm is that directing attention to a feature (e.g. location, shape, color) of a previously 

present item brings the representation of that item into the center of attention, which amounts to refreshing its 

memory trace. 

Another set of findings has been reported in studies using the blank screen paradigm. In a blank screen 

experiment, participants are shown a visual memory set together with some verbal instruction, which they have 

to carry out later during the trial. After the presentation of the visual stimulus, a blank screen is displayed, during 

which gaze patterns are measured. The rationale behind the paradigm is as follows. It is assumed that 

participants construct a mental representation of the visual scene and in the absence of that visual scene task-

relevant aspects of its representation are attended. The focus of attention is reflected by the location of fixations: 

participants fixate on screen regions that had earlier been occupied by task-relevant items. Studies investigating 

the effects of these so called “looking-at-nothing” phenomena have established that looks-at-nothing 

corresponding to an item improve WM performance for that item and all item-related information (Richardson 

& Spivey 2000; Spivey & Geng 2001; Hollingworth & Henderson 2002; Altmann 2004; Richardson & Kirkham 

2004; Hoover & Richardson 2008; Vankov 2009; Johansson et al. 2012; Kuo et al. 2012; Johansson & Johansson 

2014; Laeng et al. 2014; Scholz et al. 2016; Martarelli et al. 2017).  

Taken together, results in the retro-cue literature and the findings on the looking-at-nothing effect show that 

the more refreshing a memory representation gets during retention, the more likely it will be retrieved 

successfully.  
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Let us now turn to our original research question regarding attention allocation during the retention of focused 

elements: given that i) linguistically focused elements are more accessible in WM similarly to ii) memory items 

that are refreshed at a higher rate during memory retention, it seems reasonable to conjecture that linguistically 

focused elements are also more accessible in WM because they are allocated more attention during retention, i.e. 

they are refreshed at a higher rate. This is also a conjecture that we set out to test. 

3.1.3 Retrieval 

Finally, speaker A retrieves the information that it is herring that she has to look for in the freezer. This mental 

process has also been investigated by an array of studies which have shown that focus enhances the memory 

accessibility of the focused element (see e.g. Sturt et al. 2004; Sanford et al. 2006; Sanford et al. 2009; Ward & 

Sturt, 2007). The main idea behind these studies is a functional characterization of focus rooted in the theoretical 

domain which maintains that focus primarily serves to foreground information (e.g. Krifka 1992; Stechow 1991), 

which is new, important or non-presupposed (Jackendoff 1972; É. Kiss 1998), and most probably also serves 

to direct the attention of the hearer to the focused expression (Erteschik-Shir & Lappin 1979). 

A widespread approach to studying the memory accessibility of focused elements has been using lexical decision 

paradigms. For example, Almor & Eimas (2008), in the vein of the so-called identification account, proposed 

that the primary function of focus is to facilitate the identification of the focused item in order to enhance the 

efficiency of the discourse integration of linguistic elements. To test this hypothesis, the authors investigated 

how syntactic focus (i.e. the cleft construction) modulated the accessibility of linguistic elements immediately 

after the focus-containing sentence has been processed in a lexical decision paradigm. The results showed that 

participants responded faster when the antecedent of the target word was focused compared to when it was 

not, lending support to the hypothesis that focused elements are more accessible in online processing. 

In an especially interesting study by Sanford et al. (2009), the authors presented cleft and pseudo-cleft sentences 

together with an additional sentence containing an anaphoric expression in a self-paced reading experiment. 

The antecedent of the anaphoric expression was either co-referent with the focused element in the previous 

sentence, or its antecedent fell outside the scope of focus. Reaction time measures on reference resolution 

revealed that focus facilitated the anaphora resolution suggesting that the focus enhances the memory 

accessibility of linguistic elements, and serves discourse integration efficiently. 

Based on these, we conjecture that in the case of the Hungarian pre-verbal focus, focused elements are also 

more accessible in WM. Additionally, we also make the tentative suggestion that the immediately pre-verbal 

element in a preVf construction has a finer representation than an element in a neutral, non-focus position. 

3.2 The nature of memory representations 

3.2.1 The semantic detail of representations 

For example, an influential study by Sturt et al. (2004), already outlined in Section 3.1, investigated the 

accessibility to focused elements using a change detection paradigm and found that these elements are not only 

more readily accessible in WM, but their representation is also more fine grained (in the sense of Hobbs 1990), 

i.e. they are represented in finer detail in the mind. Such observations led to the formulation of the so called 

granularity account of focus representation (Sanford et al. 2006).  

https://www.zotero.org/google-docs/?hOQenO
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3.2.2 Representation of focus alternatives 

Let us return to the example (4) for a moment repeated in (5) for convenience. 

(5) Background: The interlocutors know that Carl is coming over for dinner tonight. 

 A:  I wonder if Carl likes seafood. 

 B:  Well, he likes HERRING. 

 A:  That’s great! I’ll go and see if we have some in the freezer. 

When speaker A opens the freezer, she has to access the information that it is herring that Carl likes, and not 

some other seafood (e.g. alternatives, such as shrimp, mussels, cod etc.). That is, there is a semantically or 

contextually relevant set of competing alternatives from which she has to select the element corresponding to 

the focused expression in speaker B’s sentence. This example illustrates another question that arises with relation 

to the representation of focus: the representation of focus containing sentences is intimately related to the 

generation of a set of alternatives on which focus operates. This idea is rooted in the alternative semantics 

approach to focus (Krifka 1992, 2008; Rooth 1985, 1992) which emphasizes that “focus indicates the presence 

of alternatives that are relevant for the interpretation of linguistic expressions” (Krifka 2008, p. 55). In Rooth’s 

analysis, each focus containing sentence has two semantic values: an ordinary semantic value and a focus 

semantic value. For example, the ordinary value of the sentence Carl likes FISH is the propositional content [Carl 

likes fish], while its focus semantic value is a set of alternative elements which are of the same type as the focused 

element, i.e. possible x elements in the proposition [Carl likes X]. Since we are talking about the representation of 

focus, it is especially important to emphasize that what constitutes the set of alternatives is not a set of 

expressions, but a set of denotations, i.e. a set of representations associated with linguistic expressions that can 

occupy the position of x. A notable analysis of Hungarian focus in the vein of alternative semantics was provided 

by Kenesei (2006), in which the author claims that “whether or not the contrasting complementary set is explicit, 

in the case of contrastive focus a complementary set is always created” (p. 137). This theoretical approach, as 

Gotzner & Spalek (2019) also argues, has the major advantage that it enables us to model a variety of 

interpretational effects with one single mechanism. For example, this theoretical account can accommodate the 

function of marking new information as well as its contrastive and corrective uses (for details see Gotzner & 

Spalek 2019). These theoretical considerations have inspired a great wealth of experimental work on the 

activation of focus alternatives centering on two questions: i) does the theoretical consideration that focus 

activates a set of alternatives have psychological reality, ii) if so, what constitutes the set of focus alternatives? 

Regarding the question whether focus indeed activates a set of alternatives, a wide range of experimental studies 

has been conducted with confirmatory results (for a comprehensive overview see Gotzner & Spalek 2019). One 

strand of studies has shown that potential alternatives already introduced in the discourse are more accessible 

(Sedivy et al. 1996; Weber et al. 2006; Watson et al. 2008; Kim et al. 2015). For example, using a similar paradigm 

as Weber et al. (2006) (see Section 3.1.1), Watson et al. (2008) presented sentences with or without contrastive 

pitch accent referring to objects on a visual scene while measuring eye gaze patterns. After a first instruction 

introducing a set of objects (e.g. Click on the camel and the dog), a second instruction asked participants to 

manipulate one of these objects (e.g. Now, move the dog above the triangle), while the third instruction either referred 

to the alternative (e.g. Now, move the CAMEL below the square) or to a non-alternative phonological cohort (Now, 

move the CANDLE below the square). The authors observed that participants fixated more on the alternative (camel) 

than on the cohort (candle) during the processing of the third instruction when it was contrastively accented. In 

other words, participants generated strong expectations regarding the focus alternative if the critical word in the 

third instruction was contrastively accented as opposed to when it was not, suggesting that focus boosts the 

accessibility to the representation of potential alternatives already present in the discourse. 

In a study on the activation of unmentioned alternatives, Braun and Tagliapietra (2010) showed using a lexical 

decision priming paradigm that decision times are lower for possible contrastive alternatives than for pure 

semantic associates if the prime word is contrastively focused. The authors concluded that the faster reaction 
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times were a correlate of a higher activation of contrastive alternatives. In a subsequent study, also using a 

priming paradigm, Husband & Ferreira (2016) observed that initially all related items are activated during the 

processing of a focus containing sentence, and after this initial burst of activation non-alternatives are 

suppressed, while the activation of alternatives is maintained. 

Gotzner et al. (2017) investigated the activation of mentioned and unmentioned focus alternatives in a series of 

two experiments employing probe recognition and lexical decision. The authors presented short texts in which 

the first sentence designated a set (e.g. In the fruit bowl there are peaches, cherries and bananas), the second sentence 

made reference to two elements of this set (e.g. I bet Carsten ate cherries and bananas), while the third sentence 

mentioned the third element and contained a focus sensitive particle or marked focus via pitch accent (No, he 

ate only/even/_ ate PEACHES). After the text, a probe word was presented which was either part of the introduced 

alternative set (cherries), was of a related semantic category, but not mentioned earlier (melons) or a non-related 

control (clubs). The authors found longer RTs associated with the rejection of the unmentioned alternatives 

(melons), and the recognition of the mentioned alternatives (cherries) in the case of all focus types, which they 

interpreted as interference effect: since focus activates a cohort of competitors, it takes more time to respond 

to an element from this cohort than to an unrelated element. Since the probe recognition paradigm does not 

allow to directly compare the effects on mentioned and unmentioned alternatives (the former have to be 

recognized, while the latter recognized and then rejected), the authors repeated the experiment using a lexical 

decision task and using the particle only and pitch accent as focus marking in which the potential confounding 

effect originating from different response types could be eliminated. The recognition of target words showed 

that RTs were lower for mentioned alternatives and also for unmentioned alternatives than for unrelated control 

words. The authors interpreted these results as priming effects, and concluded that both mentioned and 

unmentioned alternatives of focused elements receive a higher activation. 

Regarding the question of what constitutes the set of focus alternatives, two views prevail, as fleshed out by 

Gotzner (2017). The permissive view, based on Rooth (1992), claims that it is the context that serves to designate 

the alternative set, therefore, alternatives are selected based on pragmatic principles. On the other hand, the 

restrictive view claims that only those elements can constitute such a set that are semantically contrasted (Wagner 

2006). Consider example (6) (adopted from Wagner 2006). 

(6) a.  He produces high-end convertibles. What did he bring as a present to the wedding?  

 b.  He brought a CHEAP convertible. 

 c.  *He brought a BLUE convertible. 

According to the restrictive view, since color has no relation to quality or cheapness, being blue (6c) cannot 

constitute an alternative to being high-end, as being cheap can (6b). In contrast, the permissive view predicts 

that semantically unrelated, but contextually relevant alternatives may also be activated, such as blue, large etc. 

Psycholinguistic experiments addressing this question support the permissive view (see e.g. Gotzner 2017, 

Jördens et al. 2020). 

With regards to Hungarian focus, no experimental data is available on the accessibility and representation of 

focused sentential elements and their alternatives. However, one study (Pléh & Sinkovics 2011) investigated the 

retention of sentences with preVf as opposed to neutral sentences. The authors formulated their research 

questions based on earlier work on English, which revealed that a change in a sentence’s semantic content is 

still detected after 40 seconds, while a change in the surface syntactic form neutral with respect to semantic 

content (e.g. transformation from active to passive) is not reliably detected in this amount of time (Sachs 1967, 

see also Johnson-Laird & Stevenson (1970) who found similar results after 50 seconds). Pléh & Sinkovics (2011) 

asked the question whether this pattern of recognition can be observed also in the case of preVf sentences and 

their neutral word order counterparts. The question, as the authors explain, is especially interesting, since the 

use of preVf as an information structural device is motivated by discourse semantic factors. In other words, the 

seemingly surface syntactic feature of word order in the case of preVf is used to express information structural 
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roles. Hence, it may be that word order in the case of preVf is not strictly a surface property. This motivates the 

hypothesis that in the case of Hungarian, not only propositional information should be preserved for a longer 

period of time, but also word order when it marks a discourse-semantic feature, such as focus. The authors 

tested the hypothesis by using a change detection paradigm: participants heard a continuous array of sentences 

(i.e. target sentences), and at unexpected points they were prompted to decide whether they had heard the just 

presented sentence (i.e. the test sentence) before. In the conditions relevant to our point, the target was a neutral 

sentence, and the test sentence was its counterpart with a preVf word order. Additionally, a control condition 

was included in which the target sentence was also neutral, and the target contained a change which did not 

affect either the propositional content of the sentence or its information structure. The number of interposed 

sentences (i.e. the amount of delay) was also a manipulated variable, which corresponded to 0 (0 sec), 2 (8 sec), 

4 (16 sec), and 10 sentences (40 sec). The dependent variable was correct recognition rate. Results showed that 

while changes in the control condition were ignored already after two intervening sentences, changes to 

information structure were preserved even in the condition with the longest delay. The authors conclude that 

although the original hypothesis proposed by Sachs (1967) and Johnson-Laird & Stevenson (1970) is valid, it 

needs to be refined, since there are formal syntactic configurations, such as the Hungarian pre-verbal focus, 

which are also maintained in memory for longer periods. Most probably this is so, as this particular configuration 

serves to mark discourse-semantic roles. Note, that if this account is to be maintained, it is hard to explain why 

passive counterparts of target sentences were not recognized in the original studies (Sach 1967, Johnson-Laird 

& Stevenson 1970). After all, passive is also a syntactic means used to express information structural roles (see 

e.g. Leiss 1992, Lambrecht 1994, Doherty 2004, Pitz 2006). However, this question extends beyond the scope 

of the present work, since our aim was to investigate the accessibility of the focused element and its alternatives. 

In sum, research has revealed that focus indeed activates the representation of a set of alternatives (whether 

these be mentioned or unmentioned), and also that the set of alternatives is defined contextually. However, 

these results come primarily from English and German, and no data is available on Hungarian. Based on 

theoretical considerations (such as Krifka 1992, 2008; Rooth 1985, 1992; Kenesei 2006), and data on Germanic 

languages (see e.g. Gotzner & Spalek 2017), we conjecture that a set of alternatives is also activated in the case 

of the Hungarian pre-verbal focus. 

3.3 Theses related to the representation of the focused expression 

In what follows, findings pertaining to the representation of the focused expression in preVf will be outlined as 

addressed in Study 1 and Study 2. Study 1 used pupillometry and the blank screen paradigm to investigate the 

encoding and retention of focused elements, while Study 2 used a change detection paradigm to investigate the 

activation of focus alternatives and the retrieval of the focused elements. 

3.3.1 Thesis 1. Encoding: Focused elements are allocated more attention during Working Memory 

encoding 

One objective of Study 1 was to investigate attention allocation during the encoding of focused elements using 

pupillometry. As mentioned earlier, pupil size is a reliable reporter variable of attention allocation, and thus it 

may also be used to measure whether linguistic focus modulates attentional load during the processing of focus 

containing sentences. Experiments 1 and 3 measured pupil size while focus containing sentences such as (7a) 

were presented and participants memorized them for later use in the experimental tasks. Analogous control 

sentences were also presented in which critical sentential elements occupied the same relative position as the 

focused element in the experimental condition (7b). Pupil sizes from the focus and control sentences were 

compared. 
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7. a. A kutya A KECSKÉT keltette fel. 

  the dog.NOM the goat.ACC wake.PST.3SG up 

  The dog woke up the GOAT. 

 b. A kutya a kecskét fel-keltette. 

  the dog.NOM the goat.ACC up-wake.PST.3SG 

  The dog woke up the goat. 

Results from the two experiments consistently revealed that pupil dilates more while focus containing sentences 

are processed. We take these data to clearly indicate that focus indeed modulates attention allocation, and that 

the processing of focus incurs greater attentional load. Thus, these findings corroborate the conjecture that 

linguistically focused elements are allocated more attention during encoding, i.e. during the formation of the 

memory representation corresponding to the focused elements. 

3.3.2 Thesis 2. Retention: Focus modulates the refreshing of the representation associated with the 

focused element in Working Memory 

Another objective of Study 1 was to investigate attention allocation to the representation of the focused element 

during WM retention. More specifically, we aimed to test the conjecture that the representation of focused 

elements receives a more intense refreshing. In order to achieve this, we used a blank screen eye-tracking 

experiment in which we measured and compared the amount of looks to the location of the object 

corresponding to the second NP (cf. 7a and 7b) in both Experiment 1 and 3. The two experiments differed in 

terms of the experimental task. Experiment 1 employed a decision task: after the blank screen, participants were 

presented one visual probe and had to decide if the given object was presented in the given location earlier 

during encoding or not. Experiment 3 employed a selection task: participants were presented the same set of 

visual stimuli as during the visual encoding phase and had to select all the objects mentioned in the test sentence 

(e.g. to select the images depicting the goat and the dog). The two different task types were used to study 

potential task effects observed earlier on linguistic processing in general (for an extensive review see Knoeferle 

2019) and on the processing of preVf in particular (see e.g. Study 4 and 5). The rationale for using these two 

task types is as follows. In the case of the decision task, we hypothesized that since participants knew they would 

have to respond to only one visual probe, they would employ a strategy in which the focused element gets 

priority. After all, it was sufficient to consider only one probe for the successful completion of the decision task. 

Thus, in the decision task, the task-relevance of the two elements to be held in memory was unequal. In this 

scenario we predicted that due to its foregrounded status (see definition applied), the focused element would 

get a priority, and thus it would be refreshed at a greater rate. On the other hand, in the selection task both 

items were of equal relevance, since they both had to be responded to. Thus, we predicted that no prioritization 

would occur and the difference in refreshing rates between focused and non-focused elements would be lost. 

In line with our predictions, the results of Experiment 1 showed that the location of the object corresponding 

to the second NP received more looks if this NP was focused than if it was not. In other words, in the decision 

task experiment, the representation of the focused element was refreshed at a higher rate than its non-focused 

counterpart. These results confirm the conjecture that focus directs the attention to the focused element not 

only during encoding, but also during retention.  

However, the measurements in Experiment 3 yielded an exact reverse pattern: less looks were detected to the 

location of the image corresponding to the focused element than to its non-focused counterpart. We offered a 

post hoc explanation to account for the reversed trend using the findings of Lemaire et al. (2018). The authors 

of this study found that in the case of complex span tasks, in which memoranda are to be recalled in a serial 

fashion (just as in Experiment 3), a so-called Least Activated First refreshing schedule is selected and used. 

According to this schedule, refreshing occurs in a cyclic fashion and in each cycle the least active memory 

representation is selected for refreshing. This is a reasonable assumption, since the least active representation 

needs refreshing if it is also to be retrieved later. Thus, we reasoned that in the case of the selection task of 
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Experiment 3, the Least Activated First schedule was used: the focused element may have had a higher activation 

as a consequence of its stronger encoding (cf. pupil data on encoding), or, in other words, the activation of 

elements to be held in WM were unequal. However, the non-focused and consequently least active element was 

also task-relevant. For this reason, this latter element received priority for refreshing. 

Taken together, our findings support the idea that focus modulates attention allocation during the retention of 

the focused element: if the focused element is foregrounded and primarily task-relevant, its representation 

receives more attention, however, if a non-focused element of equal task relevance is also present, the Least 

Activated First refreshing schedule is selected, and the non-focused element is refreshed at a higher rate. 

3.3.3 Thesis 3. Alternatives: Focus activates the representation of a set of alternatives in Working 

Memory 

One of the goals of Study 2 was to investigate the activation of focus alternatives using two change detection 

experiments. Participants were presented preVf and neutral sentences embedded in short texts, and were later 

given a sentence probe about which they had to decide if it was the same as any of the sentences in the story or 

it contained a change. When the sentence contained a change, the critical word (i.e. the focused element or its 

non-focused counterpart in the original sentence) was either replaced by a semantically related or a semantically 

unrelated but contextually suitable alternative. This manipulation was included to test the predictions of the 

restrictive versus permissive views on focus alternatives. Experiment 1 tested WM performance, while 

Experiment 2 tested Long Term Memory (LTM) performance. The experimental variable was correct rejection 

rate: a higher rate of correct rejections was interpreted as higher activation in WM.  

First of all, no reliable difference between the rejection rates of probe types containing a semantically related 

and semantically unrelated but contextually suitable alternative was found in neither experiments. Therefore, 

our results are inconclusive regarding the restrictive versus permissive views on focus alternatives. For this 

reason, the distinction between the semantically and contextually related elements in the two probe types are 

collapsed and we refer to these commonly as alternatives. 

The conjecture that preVf activates a set of alternatives is jointly supported by the results of Experiment 1 and 

2. In Experiment 1, the result of the statistical analysis of the difference in rejection rates between preVf and 

neutral sentences just missed the level of significance (p = .061). A reliable difference was found, however, in 

Experiment 2: the rate of correct rejections was lower for preVf sentences than for neutral sentences. We 

contend that this overall effect is a consequence of semantic interference (Baddeley 1966) and is in line with our 

conjecture: Since the function of focus is to mark the presence of alternatives, not only the focused element, 

but also its alternatives are activated. In the long term, these activated elements interfere with each other, which 

is reflected in the deterioration of memory performance for these items. The almost significant difference in 

WM may have also reflected this higher activation. 

To conclude, the experiments testing the WM and LTM performance on the correct rejection of focus 

alternatives jointly support the conjecture that preVf activates the representation of a set of alternatives in 

Working Memory. 

3.3.4 Thesis 4. Retrieval: Focus enhances the accessibility of the focused element in Working Memory 

Apart from the activation of alternatives, Study 2 also investigated the access to the representation of the 

focused element in memory. Access was measured using recognition rates and related RTs of unchanged (i.e. 

same) probes in both WM (Experiment 1) and LTM (Experiment 2). Since recognition data did not show reliable 

differences, we will concentrate on RTs. 

RTs in Experiment 1 were lower for preVf sentences than for neutral sentences, i.e. preVf had a facilitative 

effect on recognition. Since RT has been shown to be a correlate of the durations of processes (or stages) that 

take place when the correct recognition of an item occurs (Sternberg, 1969), we conclude that these results 
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support our conjecture that the representation of the focused element is more accessible in WM. RTs, however, 

in Experiment 2 showed no reliable difference between the two sentence types.  

Based on these findings, we suggest that the facilitative effect of preVf in WM and the lack of this effect in LTM 

shows that focus has primarily a local function in organizing discourse and in contributing to efficient 

communication. 

3.4 Thesis 5. Focus is a grammaticalized means to express prominence 

The definitions and characterizations of linguistic focus unanimously make reference to the observation that 

the focused element is the most prominent part of the sentence (see Section 2.3). Perhaps the most lucid 

explanation comes from Stevens & Roberts (2019), who propose that focus amounts to conventionalized or 

grammaticalized prominence marking across languages. This universal characteristic is claimed to be responsible 

for the attention controlling function of focus (see e.g. Birch & Rayner 1997). Study 1 also set out to investigate 

this claim based on the following rationale: if non-grammatical ways of prominence marking trigger the same 

refreshing schedules as focus, the formulation that focus is the linguistic equivalent of prominence marking 

gains further empirical support. In order to test this conjecture, Experiments 2 and 4 measured attention 

allocation to unimodally and multimodally presented items during the retention phase using the same 

experimental setup as Experiment 1 and 3. Based on findings in the literature (Goolkasian & Foos 2005; Delogu 

et al. 2009; Heikkilä et al. 2014), we assumed that multimodally presented items are more prominent. Thus, we 

expected to see similar patterns of attention allocation in the case of multimodally presented items as in the case 

of preVf. Experiment 2 used the decision task of Experiment, while Experiment 4 used the selection task of 

Experiment 3. 

Results were in line with our predictions. In the case of the decision task, the multimodally presented item 

received more refreshing during the retention phase. On the other hand, when the task was to select all items 

presented earlier, the unimodally, i.e. the less prominent element received more attention. Thus, we concluded 

that our results support the conjecture that focus is a grammaticalized means of marking prominence. 

3.5 Findings on the representation of pre-verbal focus: Summary and conclusion 

Study 1 and Study 2 were motivated by theoretical and experimental observations centered on the idea that 

focus serves to highlight important parts of a message by some grammatical means, and thus it functions as an 

attention capturing device (Sanford et al. 2006). The studies had two primary goals: i) to investigate the attention 

capturing properties of focus using novel, more direct experimental methods, and ii) to extend this investigation 

to a discourse configurational language, typologically different from those studied until now. In order to achieve 

these goals, we concentrated on four aspects of focus representation in WM: i) the encoding of focused 

elements, ii) the retention of focused elements, iii) the activation of the alternatives to focused elements, and iv) 

the retrieval of the focused elements. 

Study 1 showed that focused elements receive more attention during encoding, and it has also been revealed 

that focus modulates attention allocation during retention depending on task demands: if the relevance of 

focused and non-focused elements is unequal, the focused element is allocated more attention. However, if the 

relevance of these elements is equal, the element of lower activation, i.e. the non-focused one receives priority 

for refreshing. In order to support the validity of this suggestion, the General Discussion of Study 1 provides 

the description of two real life scenarios in which these two task types have to be performed for successful 

communication. However, we also suggest that further research is needed along these lines to support the 

ecological validity of our claims regarding the selection of refreshing schedules for the representation of focused 

elements.  
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The results of Study 1 are in line with electrophysiological measurements which have also shown that focus 

marking modulates attentional processes. Wang et al. (2011), for example, studied attention allocation in 

congruent and incongruent question-answer pairs in which incongruence was caused by the lack of prosodic 

focus marking in the answers. The authors found larger N400 effects in the case of congruent pairs, based on 

which they concluded that focused elements are subject to more in-depth processing, since these are allocated 

extra attention. Yang et al. (2019) reached similar conclusions using written stimulus and question-answer pairs. 

Additionally, Wang et al. (2013), investigated the interaction of processing prosodic focus and emotion words 

in an EEG experiment, and found that both types of linguistic expression recruit extra attentional resources. 

Chen et al. (2014), also using EEG measurements, presented contextually embedded target sentences and 

investigated the effects of focused and non-focused elements while manipulating the newness of these elements 

in the given contexts. Results showed a larger P2 and a larger positivity for focused elements suggesting more 

attention allocation for focused information. Additionally, the authors found different activation patterns in the 

case of new elements, based on which they concluded that the processing of focus and new information involve 

different cognitive processes. We find these results especially interesting, since they suggest that attention 

allocation and the expression of certain information structural roles, which are otherwise both associated with 

focus, dissociate. This idea will gain relevance in Section 4.2.5, in which we show that exhaustivity, an 

interpretational component commonly associated with focus, may be derivable from its attention capturing 

properties. In an fMRI study, Kristensen et al. (2013) compared activations in a spatial attention task and in a 

language task using anomalous “Moses” sentences as in Bredart & Modolo (1988). In this task, the use of 

prosodic focus marking on the critical word was also manipulated besides the presence of the anomaly. Results 

indicated that the spatial attention task and focus marking in the language task activated common cortical areas. 

Based on these, Kristensen et al. (2013) concluded that focus modulates a domain general attention network. 

The brief survey on EEG and imaging results above support the conclusions of behavioral studies on the 

attention capturing properties of linguistic focus. We believe that our results contribute to these findings in at 

least three important points. First, note that the majority of the above studies used question-answer pairs and 

prosody to mark focus. Thus, responses measured during the processing of focused elements may have come 

from violations of expectations regarding how the discourse is about to unfold. In contrast, Study 1 presented 

out of context sentences, therefore the effects of focus marking per se could be studied in a more direct way. 

Second, the blank screen paradigm not only allowed us to investigate whether the attention system is modulated 

by focus during WM retention, but also revealed what receives priority for attention allocation during this 

process. The finding that focus not only modulated attention, but that task-type and the target of attention 

allocation interact adds to the wealth of knowledge accumulated in the field. Third, our findings complement 

the results of the above studies which used prosody as a focus marking device with data on the processing of a 

syntactically and prosodically marked focus type, such as preVf. Hopefully, these findings contribute to 

completing the picture on how the processing of information structure and attention interact. 

Study 2 showed that the representation of the focused element is more readily accessible in WM, however, this 

is not the case in LTM. Based on these findings, we suggested that focus serves local purposes in discourse. 

This suggestion is in line with brain imaging studies which have shown that the processing of focus containing 

sentences activates areas also implicated in discourse processing (Spalek & Oganian 2019). Study 2 also 

investigated the activation of focus alternatives, and found that the alternative semantics approach to focus 

seems to have psychological reality, and the Hungarian pre-verbal focus also activates a set of alternatives. 

Taken together, Study 1 and Study 2 have demonstrated that i) focused elements receive a stronger encoding, 

ii) focus modulates attention allocation to the representation of the focused element during retention, iii) preVf 

also activates alternatives, and iv) the focused element is more readily accessible in the short term. Hence, the 

Hungarian pre-verbal focus also exhibits the characteristics that have been identified in configurational 

languages. 
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4 Interpretation 

The second part of the Thesis discusses a question related to the interpretation of preVf extensively dealt with 

in the literature, namely, exhaustive interpretation. We ask the question whether exhaustivity is an inherent 

property coded in the syntactic or semantic representation of sentences with preVf, or whether it is derivable 

from extra-grammatical factors, and as such, belongs to pragmatic inferences. As answer, we will propose that 

the exhaustive interpretation associated with preVf emerges as a pragmatic phenomenon and is best analyzed 

as a scalar implicature. 

Study 3 and Study 4 addressed this question in a series of visual world eye-tracking experiments investigating 

how sentences with preVf are processed. In these experiments, we asked whether different mental inferential 

processes take place while the exhaustive interpretation of preVf sentences and sentences with lexically marked 

exhaustivity are being processed. To lay the groundwork for these investigations, we first provide an outline of 

the theoretical and experimental findings on exhaustive interpretation, briefly summarize the pragmatic theory 

of scalar implicatures, and present a short overview on the processing of scalar expressions. Next, we formulate 

our hypotheses and present our results. 

4.1 Background 

4.1.1 Theoretical accounts of exhaustive interpretation 

Native speaker intuition suggests that preVf sentences are interpreted exhaustively. For example, in the case of 

(8b), exhaustive interpretation means that the sentence is true if and only if Mary did not try on any other 

garment present in the universe of discourse except for the hat. In other words, focus is perceived to 

exhaustively identify the set of referents to which the focus containing predicate holds. Thus, in truth-

conditional terms, the preVf should be equivalent to sentences that contain an overt focus operator, such as only 

in (8a) (only-f henceforth) marking exhaustivity lexically. Intuition also suggests that the tendency to interpret 

the so-called post-verbal focus exhaustively (8c) (postVf henceforth), is weaker than in the case of preVf. In 

Part 2 of the present Thesis we will concentrate on these intuitions. 

(8) a. Mari csak egy KALAPOT próbált fel. 

  Mary.NOM only a hat.ACC try.PST3SG on 

  Mary only tried on a HAT. 

 b. Mari egy KALAPOT próbált fel. 

Mary.NOM a hat.ACC try.PST3SG on 

Mary tried on a HAT. 

 c. Mari fel-próbált egy kalapot. 

  Mary.NOM up-try.PST3SG a hat.NOM 

Theories dealing with exhaustivity associated with preVf belong to one of three groups. We shall call these the 

operator based-, presupposition based-, and pragmatic theories. The operator based theories consider 

exhaustive interpretation to be encoded in the structure itself, and posit that exhaustivity is part of the truth 

conditions of preVf sentences. According to one of the most influential studies advocating this view (É. Kiss 

1998), the immediately pre-verbal position is associated with an exhaustive operator in the syntactic 

representation. Consequently, focus selects a subset of the contextually available alternatives to which the 

proposition of the focus containing sentence holds. In the case of (8), this set may be the following: {hat, 

necklace, gloves, blouse etc.}. Since hat occupies the position associated with the exhaustive operator, the set 

{hat} is exhaustively designated and all other possible alternatives are excluded. According to É. Kiss (1998), 

this analysis is supported by observations on the difference in the logical relationships between sentences 

containing postVf, such as those in (9), and preVf sentences, such as those in (10). The test presented in (9) and 

(10) is known as the ‘coordinate test’, and was originally proposed by Szabolcsi (1982). 
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(9) a. Mari felpróbált [egy kalapot és egy kabátot]. 

  Mary tried on [a hat and a coat]. 

 b. Mari felpróbált [egy kalapot]. 

  Mary tried on [a hat]. 

(10) a. Mari [EGY KALAPOT ÉS EGY KABÁTOT] próbált fel. 

  Mary tried on [A HAT AND A COAT]. 

 b. Mari [EGY KALAPOT] próbált fel. 

  Mary tried on [A HAT]. 

According to the author, the intuition that (9b) is a logical consequence of (9a), however, (10b) is not a logical 

consequence of (10a) can be considered as independent evidence for the inherent exhaustivity of preVf. 

In our view, the operator based analysis has at least two main weaknesses. One is that it is too heavily reliant on 

speaker intuition. As will be seen later, there are ample experimental results suggesting that indeed there is a 

strong tendency for preVf to be interpreted exhaustively, however, this remains a tendency, and the exhaustive 

interpretation is not reliably generated. Also, experimental evidence suggests that it is modulated by factors such 

as task (Study 3), context (Study 4), or cognitive control abilities (Babarczy & Balázs 2016). Meaning 

components coded at the level of syntax or semantics should not exhibit such variability. The second weakness 

is that positing an operator is circular. What makes us claim that the immediately pre-verbal position is associated 

with an exhaustive operator? Because preVf exhaustively designates a subset of the contextually available set. 

Why does preVf designate this subset exhaustively? Because it is associated with an exhaustive operator. One 

might argue that examples such as the one in (11) provide independent evidence for the existence of the focus 

operator. The example in (11) is unquestionably an ungrammatical Hungarian sentence: is (also) is a particle that 

introduces the presupposition that there are other entities apart from the {hat} to which the predicate holds. 

The operator based account accurately predicts that this particle cannot occur in the pre-verbal focus position, 

since it is incompatible with the semantic property of the exhaustivity operator. 

(11) *Mari egy KALAPOT is próbált fel. 

 ?Mary also tried on a HAT. 

(12) … akiket útjukra többek között [ANNA LINDH SVÉD KÜLÜGYMINISZTER] kísér majd el. 

and they will also be accompanied by among others [THE SWEDISH FOREIGN MINISTER ANNA LINDH] 

However, there is an abundance of attested constructions whose occurrence is not predicted by the operator 

based theory. For example, (12) (taken from Wedgwood 2006 pp. 14) states that apart from the individual 

denoted by the subject (i.e. Anna Lindh), the proposition of the sentence is also true for other individuals. If 

the operator view is correct, an expression, such as among others should also be incompatible with the pre-verbal 

focus position. Corpus data shows the opposite. 

Kenesei (1989) takes a different approach, and claims that the exhaustive inference is borne out by the relation 

between the presupposed and asserted part of preVf sentences, and that the asserted part contains an element 

of identification. Consider example (13a). 

(13)  a. PÉTER aludt a padlón. 

  PETER slept on the floor. 

 b. the x that slept on the floor was Peter 

 c. for all x, x slept on the floor if and only if x was Peter 

According to Kenesei (1989), such sentences carry an existential presupposition (there exists an x), and the 

asserted part identifies the variable in the presupposition (x is the focused element). Thus, the preVf sentence 

exemplified in (13a) can be captured as (13b). The novelty of Kenesei’s formulation is apparent if we consider 

(Yc), which corresponds to the analysis of the operator based approach (see e.g. Szabolcsi 1982): in this case, 
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exhaustivity is directly coded in the representation of the sentence. Contrary to this analysis, Kenesei (1989) 

proposes that exhaustivity is the result of the identification in the asserted part: if a referent is identified in the 

universe of discourse, others will be excluded by necessity. Moreover, the theory proposes that such an 

identification implies the denial that the assertion is true for other elements in the universe of discourse (i.e. It 

is not true that Mary slept on the floor, for the example in (13)). The author calls this interpretational mechanism 

‘exclusion by identification’ (see also Kenesei 2006). We consider Kenesei’s approach especially appealing, for 

two main reasons. Firstly, it neatly accommodates the observation that negated preVf sentences still carry an 

existential element. As a matter of fact, as Kenesei (1989) also proposes, this observation can be considered as 

evidence for the claim that preVf sentences carry an existential presupposition. For example, the sentence in 

example (14) still presupposes that there was someone who slept on the floor. 

(14) Nem PÉTER aludt a padlón. 

It was not PETER, who slept on the floor. 

Secondly, the postulate that preVf sentences contain an element of identification is in itself not incompatible 

with the observation that the rate of exhaustive interpretation of preVf (i.e. the probability that a preVf sentence 

is interpreted exhaustively) is variable depending on context (see Study 4 and Study 5), and on cognitive factors, 

such as processing load (see e.g. Gerőcs et al. 2014). However, we believe that one weakness of Kenesei’s 

account is the lack of independent motivation for the claim that the identificational component of the asserted 

part is necessarily an exhaustive identification. As we shall see later in the Section on the experimental results 

on preVf interpretation (Section 4.1.2), and on findings related to Thesis points 6 - 9, this claim is hardly tenable. 

An alternative, presupposition based account was proposed by Kálmán & van Leusen (1993) who suggested 

that the exhaustive interpretation is not an inherent property of preVf sentences, but it is rather the property of 

the contexts that license their use. In this account, sentences with preVf presuppose a context in which 

exhaustivity is already present. The presupposition based analysis is supported by observations as those in (15) 

and (16) (p. 12). 

(15) A: Karl is a vegetarian. 

 B: No, IRMGARD is. 

B’s paraphrase: No, the person who is a vegetarian is Irmgard. 

(16) A: Karl is the director. 

 B: No, IRMGARD is. 

 B’s paraphrase: No, the person who is director is Irmgard. 

According to the authors, the response in (15) is infelicitous, since the context of the response (i.e. A’s utterance) 

does not satisfy the exhaustivity requirement: the first sentence does not imply that there may not be other 

vegetarians in the universe of discourse. The reason why B’s response in (15) is infelicitous becomes especially 

clear, if we consider the paraphrase of the focus containing sentence, according to which there exists one unique 

person who is vegetarian. The uniqueness implied by the response and the lack of it in the context are in conflict, 

which causes the response to be infelicitous. The situation is different in (16), since both A’s sentence and B’s 

reply imply uniqueness (cf. paraphrase), therefore, the second can serve as a correction of the first. Kálmán & 

van Leusen’s (1993) analysis of preVf sentences is especially appealing, since it takes context into account, a 

consideration that is almost never mentioned in the operator based analyses. As will be seen later, our results 

underline the importance of contextual factors with respect to the exhaustive interpretation of preVf. 

Wedgwood (2003) provides a third, pragmatic based account claiming that exhaustive interpretation can be 

derived from the principle of Relevance (Sperber & Wilson 1995). Consider the example in (17) borrowed from 

Wedgewood (as presented by Kas & Lukács 2013). 
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(17) a.  Egy KÁVÉT kérek! 

  A coffee.ACC ask.PRES.1SG 

  A coffee, please! 

 b.  Kérek egy kávét. 

  ask.PRES.1SG a coffee.ACC 

  A coffee, please! 

Example (17) illustrates that in certain contexts even postVf sentences can be interpreted exhaustively, since 

that is the optimally relevant interpretation. In the context of (17), a set of alternatives are present containing 

other beverages such as tea, soda, or beer. It is quite unlikely that after hearing any of the sentences in (17), a 

waiter would turn up serving a coffee and an additional beverage. Based on Relevance, the waiter assumes that 

the speaker is maximally informative, and does not hold information back. Since exhaustivity is derivable form 

Relevance, Wedgwood (2005) argues that it is unnecessary to posit an exhaustive operator, and suggests that 

preVf is underspecified for exhaustive interpretation. In our view, the pragmatic account is especially appealing, 

since it can accommodate a number of experimental findings which show that exhaustive interpretation arises 

from a combination of linguistic and extra-linguistic factors such as the context, and general inferential cognitive 

mechanisms involved in language processing. Let us now turn to these findings. 

4.1.2 Experimental findings on the exhaustive interpretation of the pre-verbal focus 

The question of exhaustivity was not only investigated in the theoretical, but also in the experimental domain. 

The first experimental work by Onea and Beaver (2009) formulated two assumptions to test the hypothesis 

regarding the status of exhaustivity. These assumptions were also central in our experiments reported in Study 

3 and Study 4, therefore they bear special relevance here. The first of these posits that “if exhaustiveness were 

a truth conditional effect conventionally associated with immediately pre-verbal focus, and if evidence is given 

that the exhaustiveness inference is false, then people would contradict a sentence containing immediately pre-

verbal focus” (p. 19). This assumption predicts that in a context in which the proposition of a sentence holds 

for entities other than the referent of the focused expression, the sentence should be rejected, provided the 

operator based view is tenable. The second assumption builds on the first one: “if pre-verbal focus conveys the 

same truth-conditional information as an explicit exhaustificational operator (like only), then we would expect 

people to contradict exhaustiveness (i) inferences triggered by pre-verbal focus and (ii) those triggered by explicit 

exhaustiveness operators in similar conditions and at a similar rate” (p. 19). This assumption establishes the 

rationale, also adopted in Study 3 and Study 4, for comparing constructions lexically marked for exhaustivity, 

such as only-f sentences, with sentences that contain preVf to investigate the source of exhaustive interpretation 

in the latter construction. The results of a test carried out on preVf sentences using non-exhaustive contexts 

and comparisons with lexically marked focus constructions in these contexts will inevitably reveal whether the 

construction at hand is truth conditionally exhaustive or not. This is exactly the test that Onea and Beaver (2009) 

carried out. Participants were presented with images in which two agents performed some operation on an 

object (e.g. Two kids both catching a butterfly) and heard a sentence in one of the following three forms i) a 

preVf sentence (18a), ii) a lexically marked focus sentence (only-f) (18b), or iii) a postVf sentence with the agent 

as topic (18c). 

  



 
 

27 
 

(18) a.  MARCI fogott meg egy lepkét. 

  Marci.NOM catch.PST3SG VM a butterfly.ACC 

  MARCI caught a butterfly. 

 b.  Csak MARCI fogott meg egy lepkét. 

only Marci.NOM catch.PST3SG VM a butterfly.ACC 

  Only MARCI caught a butterfly.  

 c.  Marci megfogott egy lepkét. 

  Marci.NOM VM catch.PST3SG a butterfly.ACC 

  Marci caught a butterfly. 

The task of the participants was to verify the sentence-picture pairs using one of three response schemes: i) Yes, 

and …, ii) Yes, but … and iii) No, … with a corresponding completion clause. In line with the assumptions above, 

the authors hypothesized that if the exhaustive interpretation of preVf is semantically determined, rejection rates 

for this sentence type and only-f sentences should pattern similarly i.e. participants will dominantly choose the 

No, … response type for both sentence types. On the other hand, if exhaustivity is linked to pragmatic inference, 

preVf and postVf sentences should pattern together. Results showed that participants were more likely to accept 

preVf sentences than only-f sentences suggesting that focus exhaustivity is not truth conditional. Interestingly, 

the authors observed a tendency that postVf sentences were more likely to be accepted (i.e. a higher rate of Yes, 

and … type responses were observed) than preVf sentences, which suggests that the tendencies with which 

preVf and postVf sentences are interpreted exhaustively differ, and that preVf sentences are more likely to be 

interpreted exhaustively. This result was later confirmed by Gerőcs et al. (2014) who also showed that postVf 

sentences are less likely to be interpreted exhaustively, only-f sentences are most likely, while preVf sentences 

fall between. 

Although unquestionably an important contribution, the work by Onea & Beaver (2009) has been criticized on 

a number of methodological issues. For example Kas & Lukács (2013) raised the possibility that the inclusion 

of only-f sentences may have introduced a permissive response bias resulting in a higher acceptance rate of 

preVf sentences. Gerőcs et al. (2014) formulated the concern that the participants may have made their choice 

independently of exhaustivity expressing their agreement or disagreement with other aspects of the picture-

sentence pairs. Furthermore, Kas & Lukács (2013) pointed out that due to the low number of critical trials used 

in the experiment, results may be too sensitive to individual variation in participants. 

Considering findings by Wedgwood (2005) and by Onea & Beaver (2009), Gerőcs et al. (2014) tested the 

hypothesis that the exhaustive interpretation of preVf is activated as an implicature in Relevance theoretic terms. 

To test this hypothesis, the authors conducted a picture-sentence verification experiment presenting preVf and 

post verbal focus sentences with images depicting non-exhaustive scenarios. Furthermore, the time allowed for 

making a response was also manipulated: in the short time condition, participants had to respond within 1000ms, 

whereas in the long condition a 3000ms limit was introduced. The experiment was designed based on the 

assumption that the computation of implicatures requires extra cognitive effort (Bott & Noveck 2004). Thus, if 

the time to carry out the picture-sentence verification task is limited, respondents will not be able to recruit the 

necessary cognitive resources to derive the exhaustive implicature, and will accept preVf sentences presented 

with pictures depicting non-exhaustive scenarios. On the other hand, if exhaustivity is semantically determined, 

the rejection rate of preVf sentences in non-exhaustive scenarios should be higher in the short time condition 

than those of postVf sentences (or those containing a post-verbal focus) in which exhaustivity is indeed 

pragmatically generated. The results showed that in the time limited condition, the rejection rates significantly 

dropped, and that the two sentence types patterned together. The results lend further support to the pragmatic 

view. 

Two empirical studies investigating the exhaustive interpretation of preVf in children bear relevance in our case. 

One of these is Kas & Lukács (2013) which was the first study to investigate the effect of different focus types 
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and age on exhaustive interpretation in children (age groups: 6, 10) and adults. The rates of exhaustive 

interpretation were measured in the case of four focus types in a picture-sentence verification paradigm: i) SVO 

post-verbal object focus (similar to example (2a)), ii) SVO pre-verbal subject focus with verbal particle, iii) SOV 

pre-verbal object focus without verbal particle and iv) SOV pre-verbal object focus with verbal particle (similar 

to example (2b)). Neutral, focusless sentences were included as control. Results showed that adults were less 

likely to accept focus sentences than neutral ones when presented in a non-exhaustive scenario. Nevertheless, 

the acceptance rates of focus sentences was still relatively high at ~40% and ~65% for subject and object focus 

sentences, respectively. In the case of children, no effect of focus on acceptance rates was found. Interestingly, 

across groups, an effect of focus type was shown: results revealed that participants were more likely to reject 

subject focus sentences in non-exhaustive scenarios than object focus sentences. Additional analyses revealed 

that while this difference was a tendency in children, it reached significance in adults. Altogether, the results of 

Kas & Lukács (2013) suggest that the operator based view of exhaustive interpretation is not tenable for three 

main reasons: First, the operator view does not predict the relatively high acceptance rate of focus sentences in 

non-exhaustive scenarios. Note that the rationale for this argument also follows from the first assumption 

formulated by Onea & Beaver (2009) above. Second, the effect of focus type is not predicted either, since the 

operator based theory posits the same kind of [+ exhaustive] operator in the case of both subject- and object 

focus constructions. Third, the observed high rate of intra-subject variability is also against the semantic view 

which predicts a deterministic relationship between focus and exhaustive interpretation. Hence, the authors 

conclude that the operator view is hardly tenable, however, they maintain that based on their results it is not 

possible to adjudicate between the presupposition and pragmatic accounts based on the results. 

Babarczy & Balázs (2016) tested the hypothesis that the exhaustive interpretation associated with preVf is 

computed as an implicature in Relevance theoretic terms. As a methodological innovation, the authors employed 

a three point scale in the sentence-picture verification task arguing that it enables a finer distinction between 

semantically false and pragmatically infelicitous sentences. In the case of semantically false sentences, the lowest 

value of the three-point scale is expected, while in the case of semantically and pragmatically appropriate 

sentences, the highest value. However, if focus is indeed underspecified for exhaustivity, as theory suggests, and 

preVf sentences are semantically true but pragmatically infelicitous in non-exhaustive contexts, the dominance 

of middle values is expected when participants have to rate preVf sentences presented with pictures depicting a 

non-exhaustive scenario. The authors hypothesized that if sensitivity to pragmatic implicature develops with age 

(see e.g. Bott & Noveck 2004, Kas & Lukács 2009) the rate of middle values in the case of preVf sentences 

presented with non-exhaustive pictures should reflect this tendency and should also increase with age. To test 

this prediction, the experiment was carried out in four age groups (~4-year-olds, ~6-year-olds, ~7-year-olds and 

adults). Results were in line with the predictions: the older age groups (7-year-olds and adults) gave a significantly 

higher rate of middle values for preVf sentences in non-exhaustive contexts than the two younger age groups. 

This, as the authors argue, reflects that sensitivity for pragmatic enrichment indeed develops with age. In line 

with the experimental results of Gerőcs et al. (2014), theory also suggests that the derivation of implicature is 

associated with extra cognitive effort. Thus, the authors correlated the rate of middle values with performance 

on WM and cognitive control tasks in children. These cognitive abilities, as the authors posit, are necessary to 

simultaneously maintain the semantic and pragmatically enriched interpretations of preVf sentences so that they 

can be evaluated with respect to the context they are presented in. Thus, those children who perform better in 

these tests, should reveal a higher degree of sensitivity to implicated meaning. In other words, performance on 

cognitive tests and the tendency to rate preVf sentences in non-exhaustive scenarios with a middle value should 

positively correlate. After clustering the participants based on their performance on the cognitive tests into three 

groups, the authors examined the rate of middle values given in the corresponding condition in these groups. 

Analyses revealed that those children were more likely to use the middle value in their evaluation of preVf 

sentences with non-exhaustive pictures who performed better in the cognitive tests. The authors admit that 

since cognitive performance was measured and not manipulated, the results may not have a high degree of 
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explanatory power. Still, they claim, the best explanation for the observed results is that the exhaustive 

interpretation of preVf is a pragmatic phenomenon and its derivation requires extra cognitive cost. 

To summarize, studies both in the theoretical and experimental domain agree that preVf has a tendency to be 

interpreted exhaustively. However, while the “traditional” theories posit that this interpretational component is 

grammatically encoded by an exhaustive operator, alternative accounts either claim that exhaustivity is 

presupposed or that it is computed as a pragmatic implicature. Experimental findings support the latter view. 

Note, that while these findings consistently demonstrate that the rate of exhaustive interpretation is not a 

semantic property of preVf, the theoretical conclusions these studies differ in their specificity regarding the 

status of exhaustivity as a pragmatic phenomenon. Some studies, such as Onea & Beaver (2009), Kas & Lukács 

(2013) and Babarczy & Balázs (2016) purely state that exhaustivity is computed as a pragmatic inference rather 

than a semantic entailment. Gerőcs et al. (2014) is more specific, and claims that the exhaustive interpretation 

of preVf should be analyzed as a conventional implicature computed as the most relevant interpretation in 

Relevance theoretic terms. The authors base their argument on the observation that in their experimental setup 

preVf sentences were interpreted exhaustively at a higher rate than postVf sentences. As the reasoning goes, the 

higher rate observed in the case of preVf follows from the fact that the pre-verbal position conventionally marks 

the question-answering constituent, and as such, corresponds to the Question Under Discussion (QUD) in the 

sense of Roberts (1998). Hence, the authors propose that a preVf sentence is interpreted as an answer to an 

accommodated QUD as opposed to a postVf which is used to introduce new information. Since questions are 

conventionally answered with a maximally informative response, preVf is also interpreted exhaustively by 

convention. One of the goals of the present Thesis is to claim that contrary to Gerőcs et al. (2014), the exhaustive 

interpretation of preVf is not a conventional implicature, but is best seen as a conversational, and more 

specifically a scalar type pragmatic inference. Hence, we now turn to the theory of scalar implicatures, and 

experimental findings pertaining to this inference type. 

4.1.3 Scalar implicature 

One of our central claims regarding the interpretation of preVf is that exhaustivity is generated as a scalar type 

implicature. For this reason, we provide a short introduction to scalars here. According to Gricean and neo-

Gricean theory (see e.g., Grice 1957, 1975; Horn 1972; Gazdar 1979), the interpretation of certain expressions 

is associated with the so-called scalar implicature. For example, such an interpretation is found in (19b) derived 

from (19a) through Grice’s (1975) maxims. 

(19) a. Some (of the) guests went home.  

 b. Some but not all of the guests went home.  

 c. Some and possibly all of the guests went home. 

Since (19c) entails (19a) (i.e., in all worlds where (19c) is true (19a) must also be true), the quantifier expressions 

in them (all and some) form a scale: all < most < many < some (Horn 1972; Gazdar 1979). According to the theory, 

the pragmatically enriched or implicated meaning of some corresponds to (19b), i.e., an upper-bounded 

interpretation, while the interpretation corresponding to (19c) is a lower-bounded interpretation. 

According to Grice’s formulation, the implicature is generated through the Maxim of Quantity: if we assume 

that the interlocutors are cooperative, their contribution will be optimally informative. For this reason, if in the 

given case it was true that all of the guests went home, then the speaker would not opt for using the less 

informative alternative in (19a). Therefore, the fact the speaker did use the sentence in (19a), implies (19b) in 

terms of the Maxim of Quantity. Relevance Theory (Sperber & Wilson 1986, 1995) uses a similar reasoning: the 

greatest cognitive effect achieved in the speaker if upon hearing (19a) (s)he generates the interpretation that 

corresponds to (19b). 
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4.1.4 Exhaustivity as a scalar type implicature: A theoretical proposal 

One of the major issues addressed in the current Thesis concerns the source of exhaustive interpretation 

associated with preVf. We claim that it arises as a conversational implicature. More specifically, we propose that 

within the taxonomic category of conversational implicature, preVf exhaustivity should be seen as a scalar type 

inference. In the present Section we lay the theoretical groundwork for this proposal. 

Before turning to our proposal, a note regarding the distinction between the source and status of exhaustive 

interpretation of focus constructions is due. According to an influential work by Roberts (1998), discourse 

unfolds through either explicit or implicit questions. The question that is accepted by the interlocutors at any 

point of the conversation is referred to as the Question Under Discussion (QUD). Assuming the presence of a 

QUD, the information content of any utterance can have either an at-issue or a non-at-issue status depending 

on whether that information constitutes an answer to the current QUD or not. This is also relevant for 

exhaustivity: Destruel et al. (2015) has shown that while exhaustivity is an at-issue content in the case of only-f 

sentences, the exhaustive interpretational component of preVf is not-at-issue. While the differentiation makes 

neat predictions on the contexts in which only-f and preVf sentences may be felicitous, admittedly it does not 

account for the source of exhaustive interpretation. 

As far as the source of exhaustivity is concerned, we have seen that results of experimental work consistently 

reject the claim that exhaustivity is part of the semantic representation of preVf sentences, and suggest that this 

interpretational component is generated as some kind of pragmatic inference. The majority of these works do 

not specify the type of pragmatic inference (e.g. Onea & Beaver 2009; Kas & Lukács 2013; Babarczy & Balázs 

2016), however, Gerőcs et al. (2014) makes the claim that exhaustive interpretation arises as a conventional 

implicature. Conventional implicature has been defined as a type of pragmatic inference which arises from the 

meaning of the implicature triggering word (20a), or construction (20b) (Grice 1975). 

(20) a.  The queen is English and therefore brave. 

 b.  Bohumil Hrabal, a Czech author, wrote the novel Cutting it Short. 

In the case of (20a), a speaker using the word therefore implicates (but does not assert) that being brave follows 

from being English, likewise in (20b) the appositive structure implicates (but does not assert) that Bohumil 

Hrabal was a Czech author. As the name of the inference type also suggests, these implications are a 

conventional part of the meaning of the implicature triggering expressions. Therefore, their interpretation 

should hardly exhibit variability in different hearers or contexts. In the case of the exhaustive interpretation of 

the preVf construction, however, the experimental results show exactly the opposite: all of the authors cited 

above observed a high degree of inter-subject variability for preVf sentences. Also, it has been observed by Kas 

& Lukács (2013) that different preVf types, like subject and object focus are associated with different degrees 

of exhaustivity. These results can hardly be accommodated by the conventional implicature view of preVf 

exhaustivity. 

In order to establish our claim regarding the source of exhaustivity, it is not only important to discuss why it is 

not a conventional implicature, but also to demonstrate why it should be analyzed as a conversational 

implicature. Therefore, in what follows, we consider the relevant defining properties of conversational 

implicatures in turn, and investigate if the exhaustive interpretation of preVf can be characterized by these 

properties. 

First of all, one of the central characteristics of conversational implicatures is that they are cancellable, i.e. 

conversationally implicated speaker meaning can be suspended without leading to logical contradiction (Grice 

1975; Levinson 2000). Therefore, cancellability is also a crucial property that differentiates between truth 

conditional meaning and implicated inference, since if a truth conditional meaning is suspended, it does lead to 

a logical contradiction. To illustrate the point via our case, let us present examples (21a) and (21b). If exhaustivity 

is part of the truth conditions of a sentence, as in the case of only-f in (21a), the inference that apart from Alíz, 
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no one else travelled to Hague is not cancellable: a sentence claiming that Benedek also travelled results in a 

logical contradiction. Along similar lines, the same would apply to preVf in (21b), if we were to assume that the 

exhaustive interpretation associated with preVf is truth conditional, triggered by a [+ exhaustive] operator. 

(21) a. Csak ALÍZ utazott el Hágába. Nem, Benedek is elutazott. 

  Only ALICE travelled to Hague. No, Benedek also travelled. 

 b. ALÍZ utazott el Hágába. Nem, Benedek is elutazott. 

  ALICE travelled to Hague. No, Benedek also travelled. 

 c. ALÍZ ÉS BENEDEK utazott el Hágába. 

  ALICE AND BENEDEK travelled to Hague. 

 d. ALÍZ utazott el Hágába. Más nem. 

  ALICE travelled to Hague. (And) exactly her. 

 d. ALÍZ volt az, aki elutazott Hágába. 

  It was ALICE who travelled to Hague. 

However, while (21a) is clearly an instance of contradiction, in the case of (21b) one has to rely on intuition to 

judge whether the two sentences indeed contradict in the same way as those in (21a). Experimental evidence 

may help to adjudicate. A wide array of studies used experimental tasks in which participants had to make a 

judgement about the acceptability of preVf sentences in depicted non-exhaustive scenarios (see Section 4.1.2). 

These sentence-picture pairs are analogous to (21b) in that the pictures negate exhaustivity, just as the second 

sentence does in (21b). Results unanimously show that people have a tendency to accept such sentence-picture 

pairs. Hence, we contend that the exhaustivity inference in preVf is cancellable. 

Another central characteristic to conversational implicatures is calculability. In Levinson’s (2000) formulation 

(but see also Grice 1975), an inference is calculable if it is derivable assuming the premises that pertain to a 

rational conversational activity. Such premises are defined in Grice’s Cooperative Principle (Grice 1975). We 

propose that exhaustivity is also calculable: if a speaker uses a preVf sentence, such as the one in (21b), one can 

calculate the inference that apart from Aliz no one else travelled to Hague assuming that the speaker is obeying 

the Cooperative Principle and thus observes the Maxim of Quantity. Had the speaker known that Benedek also 

travelled to Hague, (s)he would have also made reference to him using for example a sentence in (21c). This line 

of thought will be taken up again when our claim regarding the scalar implicature view is explained below. 

Reinforceability is also considered to be a definitive characteristic of conversational implicatures (see e.g. Huang 

2017). Reinforceability means that it is possible to make the implicature explicit without producing a sense of 

redundancy. Consider (21c), in which the exhaustive inference is made explicit by the phrase Más nem (~(and) no 

one else). Intuitively, this pair of sentences is acceptable as non-redundant, and can be potentially used in a 

communicative scenario. The findings of an experiment reported in Study 4 may provide some evidence that 

this is correct, despite the fact that this experiment was not specifically designed to test this intuition. In a 

sentence completion task, participants were instructed to complete preVf sentences with expressions of the type 

Más nem or Nem más (~(and) exactly her). Results showed that participants used the Más nem type of expressions 

to complete preVf sentences in 54.5% of the cases suggesting that the reinforcement of the exhaustivity 

inference is acceptable, and that it does not create a sense of redundancy.  

A further property of conversational implicatures is non-detachability: an expression which has the same 

semantic content as the one triggering the implicature will carry the same implicature (Huang 2017). We propose 

that a sentence type whose semantic content is very similar to that of preVf sentences is the cleft construction 

exemplified in (21d). Regarding its semantic makeup, Dékány (2010) proposed that a cleft sentence presupposes 

the existence of a set of entities in the universe of discourse to which the predication part of the sentence may 

hold (e.g. {Alíz, Benedek, Cili}), and at the same time it identifies the subset of this set ({Alíz}). Note that this 

analysis is analogous to Kenesei’s (1989, 2006) formal treatment of preVf which also claims that preVf consists 

of an existential presupposition of a set and a component of identification on this set. With regards to the 
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interpretation of these sentence types, both Kenesei (1989, 2006) and Dékány (2010) propose that exhaustivity 

emerges as the identification part in the two sentence types creates a complementary set, and excludes elements 

by necessity. This has been called ‘exclusion by identification’. As pointed out in Section 4.1.1, we see no 

independent evidence for this claim regarding the identification in preVf. Likewise, we do not see that this claim 

is justified in the case of clefts. Dékány proposes that the identification in clefts is exhaustive analogously to 

how É. Kiss (1998) makes her case with regards to the exhaustivity in preVf using Szabolcsi’s (1982) coordinate 

test. Consider examples in (22). 

(22) a. ALÍZ ÉS BENEDEK  voltak azok, akik elutaztak Hágába. 

  It was ALICE AND BENEDEK who travelled to Hague. 

 b.  ALÍZ volt az, aki elutazott Hágába. 

  It was ALICE who travelled to Hague 

According to Dékány (2010), (22b) contradicts (22a), therefore, the clefted constituent expresses exhaustive 

identification. In our view, this proposal is not tenable for two reasons. The first is that it is too heavily reliant 

on speaker intuition. The second is that experimental evidence suggests that the cleft construction tends to have 

an exhaustive interpretation, but that this interpretation is not necessarily derived. For example, Gerőcs et al. 

(2014) found in a sentence-picture matching experiment that the rate of exhaustive interpretation for cleft was 

around chance level (54%). However, as exhaustivity was observed as a tendency, this inference is not a semantic 

one. In our view, this latter observation supports the idea that the exhaustive interpretation of preVf is non-

detachable: a sentence type with a similar semantic makeup, such as the cleft construction may also give rise to 

the same exhaustivity inference. 

Finally, universality has also been identified as a definitive property of conversational implicatures (Huang 2017): 

since conversational implicatures are motivated (cf. the Cooperative Principle and calculability), and not 

arbitrary, these inferences should be derived universally in languages. Indeed, it has been observed that the 

exhaustive interpretation is associated with focus in a vast array of languages (Destruel et al. 2015; van Rooji & 

Schulz 2017). 

To sum up, we have argued that the exhaustive interpretation associated with preVf can be characterized by a 

number of defining characteristics of conversational implicature. For this reason, we contend that the exhaustive 

interpretation of preVf should not be seen as a conventional, but as a conversational implicature. 

More specifically, we propose that exhaustivity in preVf is best analyzed as a scalar type of implicature. This 

conjecture is based on theoretical and empirical considerations. As outlined in Section 4.1.3, certain expressions 

form a scale of informativity (e.g. <all, most, many, some>, <always, often, sometimes>). Theory suggests that when 

a weaker term is used (e.g. some as opposed to all), the hearer calculates an upper-bounded interpretation on the 

assumption that the speaker does not hold relevant information back. Hence, scalars are calculable, just as other 

types of conversational implicatures. We propose that the construction types only-f and preVf can also be 

ordered on a scale of informativity: <only-f, preVf>, in which preVf constitutes the weaker term by virtue of 

being underspecified for exhaustivity. Consider sentences in example (23) and suppose there is a set of three 

individuals {Alíz, Benedek, Cili} in the universe of discourse to whom the proposition [x travelled to Hague] 

potentially holds. 

(23) a. ALÍZ utazott el Hágába. 

  ALICE travelled to Hague. 

 b. ALÍZ ÉS BENEDEK utazott el Hágába. 

  ALICE AND BENEDEK travelled to Hague. 

 c. ALÍZ, BENEDEK ÉS CILI utazott el Hágába. 

  ALICE, CILI AND BENEDEK travelled to Hague. 
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If exhaustivity is a conversational implicature, it should be calculable. We propose that this is indeed the case: 

upon hearing (23a), the hearer will calculate an upper-bounded interpretation and infer that unlike Aliz, Benedek 

and Cili did not go to Hague. Else, the speaker, obeying the Cooperative Principle (Grice 1975) or the Principle 

of Relevance (Sperber & Wilson 1986), would have uttered (23b) or (23c) depending on who exactly travelled 

to Hague. The analysis is analogous to the one on the expression some outlined in Section 4.1.3. As experimental 

results also suggest (see Section 4.1.2), only-f is a stronger alternative for preVf since it codes exhaustivity 

lexically. Hence, we propose that only-f and preVf form a scale of informativity with respect to exhaustive 

interpretation in which only-f is the more informative, stronger term. 

A number of criticisms may be formulated with regards to the scalar view of preVf exhaustivity outlined above. 

In the following, we address each in turn.  

First of all, one may object that the analogue between the upper-bounded interpretation of some and the upper-

bounded, i.e. exhaustive interpretation of preVf is inconsistent, if these expressions are to be analyzed with 

relation to their respective scales. While all, the more informative alternative in the scale <all, some>, has a lower-

bounded interpretation, the pragmatically enriched interpretation of some is upper-bounded, therefore the 

interpretations of the two elements differ. However, this relationship does not hold in the case of only-f and 

preVf: exhaustivity is present in both, albeit it is lexically determined in only-f, whereas it is pragmatically 

determined in preVf. In other words, both have the same upper-bounded interpretation, but assumingly for 

different reasons. This is clearly not characteristic of the ‘classical’ entailment scales (i.e. Horn scales, Horn 

1972), where there is an asymmetric entailment relationship between the elements of the scale such that the 

stronger element entails the weaker one, but not vice versa. However, we contend that despite the observation 

that the scale <only-f, preVf> is not characteristic of classical entailment scales, preVf exhaustivity can and 

should be analyzed a type of scalar inferences: not only scales of strict ordering licensed by logical operators have 

been identified, but also scales of partial ordering, most of which are determined by world knowledge or current 

contextual factors Hirschberg (1985). In order to imply that we do not consider the exhaustivity inference in 

preVf a scalar inference strictly in the classical, Hornian sense, we will refer to it as ‘scalar type implicature’. 

One technical objection regarding the scalar analysis may be that the theory of scalar implicatures was developed 

to account for observations concerning lexical scales, such as <all, most, many, some, (few)>, <always, often, 

sometimes>, <must, should, may> etc., and not sentence types. This objection may be invalid at least for two 

reasons. First, it has been observed in the literature that certain clause types can also be ordered on a scale of 

informativity. The analogue between lexical and clausal type of scalars as represented in (24). 

(24) scalar: <x, y> 

 clausal: <X(p), Y(p)> 

The category of clausal type scalars includes pairs of expressions such as <(p or q), (p and q)>, or <(know that 

p), (believe that p)>. Since ordering on a scale is an attribute of both lexical and clausal expressions, we contend 

that the formal difference is irrelevant for our purposes. Second, what is assumed to be lexical is a matter of 

linguistic analysis. In a Chomskian generative framework, the above strict distinction between lexical elements 

and clause types can indeed be made. However, if one takes a lexicalist approach, and assumes that the sentence 

types at hand are constructions, i.e. pairs of linguistic form and meaning or conceptual representation (see e.g. 

Goldberg 2006), the distinction is immediately blurred. 

The observation that preVf sentences void of any discourse context tend to be interpreted exhaustively might 

also contradict the proposed analysis. Note, that we relied on a contextually available set to flesh out the scalar 

view of exhaustivity (e.g. {Aliz, Benedek, Cili} in the case of (23)). However, if we present a series of out-of-

context preVf sentences in an experiment, the rate of exhaustive interpretation is expected (and has been 

replicated) to be fairly high, and to be reliably above chance level (Kas & Lukács 2013; Gerőcs et al. 2014). The 

question arises: how can an upper-bounded interpretation be generated in the absence of a set? In other words, 

if our proposal regarding scalar implicature as the source of exhaustivity in preVf is correct, we must assume 
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that the interpretation and even the use of preVf sentences is intimately tied to the generation or presence of 

alternatives. Indeed, in Section 3 we have shown that this has been addressed both in the theoretical and the 

experimental domain: Kenesei (2006), for example, proposes that “whether or not the contrasting 

complementary set is explicit, in the case of contrastive focus a complementary set is always created” (p. 137). 

Furthermore, the experiments reported in Study 2 on preVf, in line with results on other focus constructions 

in Germanic languages (see e.g. Gotzner 2017 for an overview), suggest that the representation of such a set is 

indeed generated in the mind. 

To further motivate our reasoning regarding the relationship of preVf and alternative sets, we shall address the 

question also from the perspective of production and context: if we are correct, those contexts should motivate 

the use of preVf in which the presence of a set is relevant. Such a set is necessary for the focus to operate on 

for the generation of an upper-bounded interpretation. These contexts will include either identification (É. Kiss 

1998), such as the one in (25a), or contrast (Kenesei 2006), such as (25b). 

(25) a. What did Peter lose? 

 b. Peter lost a wallet at the party. 

c. Why is Peter sad?  

(25) a. (Nem,) (Péter) egy ÓRÁT  vesztett el (a buliban). 

  (No,) He lost a WATCH at the party. 

 b. (Mert) (Péter) elvesztett egy órát. 

  (Because) He lost a watch. 

The context created by the question in (25a) contains a relevant set for the focus: the set of objects that Peter 

could potentially lose (e.g. {wallet, key, watch}). Likewise, the context created by the sentence in (25b) evokes 

a relevant set: a set of objects that Peter lost (i.e. {wallet}). On the other hand, there is no such set introduced 

in (25c). More precisely, the set introduced by (25c) contains sentence level alternatives such as {He got fired, 

His dog died, He lost a watch}, and therefore such a set is irrelevant here. Following from the above reasoning, 

we predict that a response to (25a) and (25b) will contain a preVf (25a), while a response to (25c) will not 

necessarily do so. In this latter context a more likely response contains a neutral word order, such the one in 

(25b). In other words, if a set is relevant in a context, preVf is licensed, else, it is not. Provided that this reasoning 

gains empirical support, the scalar view of exhaustivity is further corroborated: if a contextually available relevant 

set is a necessary condition for the use of a preVf construction, then the associated exhaustive interpretation 

will be by necessity an upper-bounded interpretation. This is exactly the kind of interpretation that is associated 

with other scalar terms, such as some and often. Our conjecture regarding the property of preVf licensing contexts 

was tested in Study 3. 

Finally, as a brief detour, let us present an account of the exhaustive interpretation of context-free preVf 

sentences by Zimmermann et al. (2020), who adopt the QUD framework. This approach is especially relevant 

for our argument, since it also assumes different degrees of informativity in the case of only-f and preVf and 

thus nicely fits the theoretical account above. The authors conducted an experiment with out-of-context 

sentences and found a high rate of exhaustive interpretation for preVf. The explanation for this tendency is 

based on three considerations. The first one is the assumption that a context-free preVf sentence is an answer 

to an accommodated QUD. The second is the claim that preVf is the default answer to wh-questions. The third 

is the observation that the wh-element may have a singular form (ki ~ who-SG) or plural (kik ~ who-PL) 

depending on speaker expectations about the number of corresponding referents in the answer. A question with 

a wh-SG is compatible with both a preVf and an only-f construction as an answer with the element that 

corresponds to the wh-word in focus. With these three taken into account, the reasoning is fleshed out in a 

Gricean manner: when one hears a preVf sentence, she accommodates a QUD. Also, she supposes that "if the 

speaker wanted to make an unambiguous reference to a question with plural expectation on the answer space, 

she could and should have done so by using the more explicit exclusive structure [i.e. only-f]" (p. 233). Since the 
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speaker did not use such an explicit marking of exhaustivity, the hearer accommodates a singular QUD, 

exhaustivity is triggered, and hence expects a unique discourse antecedent (i.e. Alíz). The QUD based analysis 

proposed by Zimmermann et al. (2020) is especially relevant, since it ranks the preVf and only-f constructions 

in terms of exhaustivity along a scale of informativity, or explicitness lending further theoretical support to our 

claim that the exhaustive inference associated with preVf is best analyzed as a scalar type implicature. Note, 

however, that the authors themselves do make an explicit reference to such a scale in their analysis. 

In sum, both theoretical considerations and experimental data seems to suggest that the exhaustive inference 

associated with preVf should be seen as a scalar type implicature. Studies reported in the present Thesis 

investigated this conjecture using the method of eye-tracking which enables the online study of sentence 

processing and interpretation. Hence, in the following Section we provide a brief outline of the findings on the 

processing of scalar implicature. 

4.1.5 Processing models of (scalar) implicature generation 

Since our experiments used the visual world paradigm, which allows the online investigation of the 

interpretational processes associated with linguistic stimuli, the theories and empirical findings related to 

sentence processing in general and to implicature generation in particular are of special relevance here. 

Models of sentence processing fall into two categories, which we will refer to as modular and interactive models. 

Modular models, as their name suggests, posit that within the module corresponding to language (Fodor 1983), 

certain sub-processes exist, each responsible for different stages of linguistic processing. In such models, 

bottom-up processes dominate, and it is posited that sentences are first processed by a parser, in which the 

syntactic representation of the sentence (or a phrase) is built with the help of basic principles or heuristics (see 

e.g. Kimball 1973; Frazier & Fodor 1978; Rayner et al. 1983). When the representation of a phrase has been 

built up, it is passed on to semantic and pragmatic interpretation. Interactive models, on the other hand, claim 

that sentence processing is regulated by various sources of information, such as context, world knowledge, 

expectation, frequency, etc. from the very onset of the process. Thus, according to these accounts, bottom-up 

and top-down processes are equally present in the stage of both syntactic parsing and semantic-pragmatic 

interpretation (see e.g. Bates & McWhinney 1989; Spivey-Knowlton & Tanenhaus 1998; Trueswell et al. 1994; 

Trueswell et al. 1999). 

In the processing literature on scalar implicature, the dichotomy of modular and interactive models also prevails. 

In loose terms, the modular model is inspired by the Gricean reasoning outlined in the previous Section to the 

extent that the labor of generating a scalar implicature is divided between semantics and pragmatics in two 

consecutive steps: the truth-conditional meaning of the scalar-containing expression has to be calculated before 

the pragmatically enriched interpretation is reached. The cognitive effort made after the calculation of the 

semantic meaning is measurable in the elongated time course of scalar activation relative to those interpretations 

associated with purely semantic processing. Such differences have been reported in an extensive array of 

experimental work (see e.g., Noveck & Posada 2003; Bott & Noveck 2004; De Neys & Schaeken 2007; 

Tomlinson et al. 2013; Huang & Snedeker 2009). Authors reporting these results advocate the modular model. 

Since the methodology and results of Huang & Snedeker (2009) are especially relevant to both Study 3 and 

Study 4, we will briefly describe these here. The authors tested the modular model by using the visual-world 

paradigm comparing the interpretational processes related to the scalar term some, a term whose interpretation 

is purely semantic, such as all and two numerals as controls (two and three). During the experimental trials 

participants heard instructions containing one of these quantifiers (e.g., Point to the girl who has two/three/all/some 

of the socks) and were presented four image quadrants. The target images depicted the lower-bounded (semantic) 

reading in the all-condition, an exact reading in the number-conditions, and the upper-bounded (pragmatically 

enriched) reading in the some-condition. The experimental task was to carry out the instruction while fixations 

on the images were monitored. Based on the modular model, the authors expected that eye-tracking data would 

show a slower convergence on the target image for the pragmatically interpretable some-instructions than for 
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the semantically interpretable number- and all instructions. The results showed the expected latency differences: 

participants’ looks converged on the target image in the some-condition later during the period between 

quantifier onset and the end of the sentence than in the all-condition. According to Huang & Snedeker (2009), 

the observation that interpretational processes related to semantically interpretable expressions were faster than 

those related to pragmatic ones shows that the modular model is suitable for capturing the differences between 

semantic and pragmatic interpretation as carried out in the mind. 

The modular model has been criticized both on theoretical and empirical grounds. To our mind, one of the 

most important theoretical criticisms was formulated by Geurts and Rubio-Fernández (2015). The authors 

develop their main point using Marr’s (1982) three levels of analysis: they claim that Grice’s theory never 

intended to answer questions related to ‘how’; it is a theory of ‘what’ and ‘why’. Or, as the authors claim, “Grice 

never meant to advance a processing theory” (Geurts & Rubio-Fernández 2015, p. 446): the steps of pragmatic 

reasoning are not necessarily carried out in the mind as Grice and his followers made it explicit in the formulation 

of their theory. One simplified example of such reasoning was outlined in Section 4.1.3. Since Geurts and Rubio-

Fernández (2015) question the psychological reality of the semantics – pragmatics divide as formulated in the 

Gricean theory, they also inevitably claim that the the modular model of linguistic interpretation, or of the “two-

system models” in their terminology (ibid., p. 465) is untenable. Such systems are attractive, since the process 

of generating interpretations can be divided into routinely or automatically run processes (i.e., semantic 

processing) and into those that require more attention and effort (i.e., pragmatic processing). As the authors’ 

reasoning goes, the system would have to be able to decide whether to opt for a pragmatically enriched 

interpretation or not. In order to achieve this, an intermediary module is needed which constantly monitors the 

output of the semantic module and makes evaluations about whether processing should be continued by the 

pragmatic module based on context, world knowledge, etc. However, for the system to work, the intermediary 

module should be at the level of sophistication of the pragmatic module. Consequently, as Geurts and Rubio-

Fernández (2015, p. 465) put it, “the whole point of a two-system architecture is lost“. The criticism of two-

system models ultimately boils down to the difficulties of how the two components should interact with each 

other. Clearly, Geurts and Rubio-Fernández (2015) take a strong view against strictly relating the theoretical 

concepts of the semantics – pragmatics division to actual mental processes of implicature derivation.  

As mentioned above, a prominent competing alternative to the modular model is the interactive model, which 

claims that contextual factors have an effect on the rate and time course of implicature generation. The model 

therefore predicts that under certain circumstances, the latency differences observed by Huang and Snedeker 

(2009) and a number of other authors advocating the modular model should disappear. A wide array of 

experimental work has been inspired by this hypothesis (see e.g. Grodner et al. 2010; Degen & Tanenhaus 2011; 

Bergen & Grodner 2012; Breheny et al. 2013; Degen & Tanenhaus 2015; Foppolo & Marelli 2017). 

Two experimental studies bear special relevance here, therefore they will be summarized briefly in the 

forthcoming paragraphs. Grodner et al. (2010) aimed to revise the modular model put forward by Huang & 

Snedeker (2009) by criticizing their methodology on three critical points and suggesting that under certain 

conditions the observed differences in latency between semantic and pragmatic interpretations disappear. First, 

the authors claimed that ambiguity is present longer during the expression some of the than during all of the: upon 

hearing some, the listener does not know whether the some of the socks or the shorter some socks expression will be 

used. While the former is clearly associated with scalar implicature, the latter is not necessarily so. Thus, in 

Huang & Snedeker (2009) this ambiguity was resolved later in the some of the-condition than in the case of all of 

the-condition giving rise to the possibility that the delay was observed since participants had to “wait” until the 

identification of the disambiguating of at the end of the expression and not because the computation of upper-

bounded reading takes place after the semantic analysis. Second, Grodner et al. (2010) raise the concern that the 

number of trials using numerals was disproportionately higher than those using some. Also, both the numerals 

and some were used to describe small sets of maximally three elements. These two characteristics of the method 

may have reduced the acceptability of some making its processing and interpretation difficult leading to an 
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increased latency of identifying the image representing the upper-bounded interpretation. Third, the authors 

raise the possibility that a bias was also introduced confounding the results resulting from principles of human 

visual perception: since human vision is geared to preferring visual scenes with more objects, participants may 

have looked at images containing more objects first independently of the linguistic stimulus. For this reason, 

participants identified the target in the some of the-condition later not because upper-bounded interpretations are 

processed later, but because they first looked at the competing image containing more objects. In order to 

control for these potential confounds, Grodner et al. (2010) conducted a refined version of Huang & Snedeker’s 

(2009) visual world eye tracking experiment with the following modifications. No numerals were used, the 

expression summa was used instead of the temporarily ambiguous some of the, a neutral nunna (none of the) condition 

was introduced and participants were informed about the number of objects to be presented in the visual display. 

The results of the experiment showed no difference in eye gaze patterns between the conditions based on which 

the authors concluded that under the appropriate (contextual) conditions, the difference between computing 

semantically entailed and pragmatically implicated meaning can be eliminated providing strong evidence against 

the modular view. 

Degen & Tanenhaus (2011) also examined whether the modular model is tenable, and sought to answer the 

following questions: what factors contribute to i) the computation of scalar implicatures and ii) the time course 

of these computations in the case of some. Using rates of acceptability judgements, reaction times and eye 

tracking, the authors have shown that the number of objects on which some operates is crucial: if the elements 

fall within the subitizing range, the use of some decreases, reaction times increase, and the time course of 

identifying the target set becomes sluggish. Since in Huang & Snedeker’s (2009) study the number of objects 

fell within the subitizing range in each trial, it is highly likely that their results were confounded by at least this 

factor. The findings in Degen & Tanenhaus (2011) also suggest that the modularity account is hardly tenable 

and that sentence processing is a highly integrative process whereby contextual factors are taken into account 

throughout the processes of interpretation. 

For the sake of exposition, in what follows we provide a non-exhaustive list of the contextual factors that have 

been found to have an effect on the rate and/or time course of implicature generation. These factors include 

the knowledge-state of interlocutors (Bergen & Grodner 2012), the linguistic form expressing the upper-

bounded meaning and also the felicity of its use in the given context (Grodner et al. 2010; Degen & Tanenhaus 

2011), or the number of elements that certain quantifiers associated with scalar implicature operate on (cf. 

subitizing range) (Degen & Tanenhaus 2010). Although the studies listed here differed, sometimes substantially, 

in their methodology, a common finding is that contextual factors can eliminate the rate and time course 

differences between the generation of “purely” semantically interpreted meanings and those tied to scalar 

inferences. As will be seen later, the results of the experiments reported in Study 3 and Study 4 are in line with 

the interactive models of implicature generation. 

In line with the vast majority of experimental data supporting the interactive view of sentence processing and 

implicature generation, we also adopt the interactive view. This will gain relevance when we formulate our 

hypotheses regarding the processing of preVf sentences and the derivation of exhaustive interpretation in the 

next Section. 

4.2 Theses related to the interpretation of the pre-verbal focus 

In what follows, the Thesis points and experimental findings related to the interpretation of preVf will be 

outlined. In order to test the hypothesis that the exhaustive interpretation associated with preVf is derived as a 

scalar type implicature (Thesis point 9), we formulated and tested three main predictions. These correspond to 

Thesis points 6, 7, and 8. The first prediction is related to the contextual availability of sets and the use of preVf 

(Study 3), the second one concerns the rate of exhaustive interpretation (i.e. the probability with which preVf 

is interpreted exhaustively) (Study 4 and Study 5), while the third one concerns mental processes associated 
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with the generation of exhaustive interpretation (Study 4 and Study 5). What is common in the predictions 

tested here is that they all take context into account as a critical factor. To our knowledge, no study before the 

ones included in the present thesis had investigated the effect of context on preVf production and interpretation 

before. Also, the studies concerning interpretation presented here (Study 4 and Study 5) are the first to 

investigate the process of preVf interpretation using the online method of eye-tracking and the visual world 

paradigm. 

4.2.1 Thesis 6: Contextually available sets motivate the use of the pre-verbal focus 

First of all, we predicted that the presence of a relevant set in the context plays a crucial role in licensing preVf 

constructions: if such a set is available, the preVf construction is used (cf. also Kenesei 2006). This prediction 

was tested in Study 3, in which we investigated the effect of a contextually available and relevant set on the 

production of preVf constructions using a guided production task in the form of an online survey. Two 

experiments were conducted. In both of these participants were presented a short text describing a context and 

a cloud of randomly arranged words. The experimental task was to create sentences that naturally fit the context 

by clicking the words in the cloud. Contexts either contained a set or they did not. In contexts with sets the set 

was either introduced explicitly (by enumeration) or implicitly (by a question, or via a reference to a category). 

Target sentences (i.e. the ones produced by participants) either expressed identification or contrast with respect 

to these sets. The dependent variable in the experiments was the proportion of preVf and postVf constructions 

produced in the different context conditions. 

Results revealed that the presence of a set in the contexts motivates the use of a preVf construction. The effect 

is observable even when this set is implicitly present in the context. On the other hand, if no set is present, the 

preVf construction is not reliably produced. These results are in line with the prediction formulated in Section 

4.1.4. Thus, we conclude that the scalar implicature view of the exhaustive interpretation of preVf has been 

further corroborated: the interpretational component at hand is an upper-bounded interpretation. However, 

these results can only be taken as evidence for the scalar view together with the results of Study 4 and Study 5. 

These will be jointly discussed in the Section on Thesis point 9 (Section 4.2.4). 

4.2.2 Thesis 7: Context modulates the rate of exhaustive interpretation associated with the pre-verbal 

focus 

We predicted that the presence of a contextual restriction on the number of referents to which the proposition 

of a preVf sentence can potentially hold has an effect on the rate of exhaustive interpretation of that sentence. 

Since it has been established that our primary interest is the source of exhaustivity, and not its status, and that 

this question hinges on whether exhaustivity is truth conditional or not (in the vein of the two assumptions by 

Onea and Beaver 2009), we formulate all our following predictions in a way that only-f serves as a basis for 

comparison. Since the source of exhaustivity is indeed truth conditional in only-f, this construction is suitable 

for a baseline measurement. 

Study 4 used task type as an independent variable to manipulate the presence of contextual restriction. The two 

experiments of relevance for the purposes of the present Thesis are Experiments 3 and 4. In Experiment 3, 

participants performed a forced choice task, i.e. they were instructed to choose only one image they considered 

to be compatible with the test sentence, while in Experiment 4, they could choose any number of images. The 

forced choice task corresponded to a restrictive context, while the multiple choice task corresponded to a non-

restrictive context. 

The results of Experiment 3 employing the forced choice task showed that there was no difference in the rate 

of exhaustive interpretation between preVf and only-f (100% in both sentence types). This is not a surprising 

result, and it is predicted by all focus accounts. More interestingly, the results of Experiment 4 revealed a 

difference: while the rate of exhaustivity was still at ceiling in the case of only-f sentences (93%), preVf sentences 

were interpreted exhaustively at a significantly lower rate (65%). As outlined earlier, such high variability is not 
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expected if exhaustivity is triggered by an operator or if it is part of the conventional meaning of the 

construction. The results thus strongly suggest that the exhaustive interpretation of preVf is computed as an 

implicature: since preVf is underspecified for exhaustivity, participants occasionally generated a non-exhaustive 

interpretation in the non-restrictive context, however, when the context of the task restricted the number of 

choices, exhaustivity was consistently generated. Nevertheless, one could raise the objection that since 

contextual restrictions were manipulated through task types, such a conclusion is highly indirect and thus its 

validity is questionable. 

For this reason, Study 5 investigated the same question using textual contexts in which the restriction on the 

possible interpretational alternatives (or the lack of it) was made explicit in the descriptions of situations, such 

as the one exemplified in (26). Consider the only-f and preVf sentences in the two scenarios in (26). (Note, that 

both sentence types are felicitous in both contexts). 

(26) Background:  After the conference, the participants took part in an informal reception. 

There was a table offering different drinks: wine, beer, coke, etc. 

Restrictive context: Each participant could have one drink at the reception. 

 Non-restrictive context: Each participant could have as many drinks as they wanted at the reception. 

 Only-f:   Aliz csak egy SÖRT ivott meg a fogadáson. 

    ‘Alice only drank a BEER at the reception.’ 

 PreVf:   Aliz egy SÖRT ivott meg a fogadáson. 

    ‘Alice drank a BEER at the reception.’ 

In (26), the restrictive context restricts the number of drinks that Aliz could have, whereas the non-restrictive 

context imposes no such restriction. The possible combinations of the two context types and the two sentence 

types result in four scenarios. Let us now consider what the different accounts predict with respect to the rate 

of exhaustive interpretation associated with the two sentence types in each of these scenarios. According to the 

semantic view (or operator-based view), the rate of exhaustive interpretation should be the same in all of them: 

in only-f sentences exhaustivity is marked explicitly, while in preVf sentences, the [+exhaustive] operator ensures 

that the sentence is interpreted exhaustively irrespective of context. Therefore, the rate of exhaustivity should 

be equally high in both sentences. The conventional implicature analysis proposed by Gerőcs et al. (2014) also 

predicts a uniformly high rate of exhaustivity: if the exhaustive reading is a conventional element of the 

interpretation associated with preVf, it should be interpreted exhaustively in all contexts. In contrast, the scalar 

implicature account predicts that while the rate of exhaustive interpretation should be uniformly high in only-f 

sentences in both contexts, this rate in the case of preVf should be comparable to only-f sentences exclusively 

in the restrictive contexts, while it should be lower in the non-restrictive contexts. The lower rate of exhaustive 

interpretation of preVf in non-restrictive contexts is expected if we assume that the construction at hand is 

underspecified for exhaustivity and accept that it is non-at-issue content. 

In Study 5, two experiments (Experiment 1 and 2) were carried out to compare the rates of exhaustive 

interpretation in preVf and only-f. Experiment 2 was conducted to introduce methodological refinements and 

to determine if the results of Experiment 1 are replicated. 

The results of both experiments were in line with the prediction of the scalar implicature view: while the rate of 

exhaustivity in only-f sentences was not affected by context, in non-restrictive contexts, the rate of exhaustivity 

dropped in the case of preVf sentences significantly. In order to further investigate the interaction of context 

and rate of exhaustivity in preVf, Study 5 included an additional experiment in which preVf and postVf 

sentences were presented in restrictive and non-restrictive contexts. The rationale for including the postVf 

sentence was that there is a consensus regarding its status of exhaustive interpretation: both theory (e.g. Surányi 

2011) and experimental results (Gerőcs et al. 2014; Tóth & Csatár 2017) support the claim that whenever a 

postVf sentence is interpreted exhaustively, this interpretation is computed as a conversational implicature. 

Thus, Study 5 predicted that if the conversational implicature view is tenable, a comparison of the rates of 
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exhaustive interpretation of preVf and postVf in restrictive and non-restrictive contexts should reveal no 

difference: in restrictive contexts both sentence types should be consistently interpreted exhaustively, while in 

non-exhaustive contexts the rate of exhaustive interpretation should drop for both sentence types. To test these 

predictions, the experiment was conducted again using preVf and postVf sentences. The results were in line 

with the predictions. While the rate of exhaustive interpretation was at ceiling in the restrictive contexts for both 

sentence types, these rates dropped uniformly in the non-restrictive contexts. Given i) that there is consensus 

regarding that exhaustivity of postVf should be analyzed as an implicature, and ii) that a uniform pattern was 

found in the rate of exhaustivity in preVf and postVf in the two context types, we contend that the view that 

exhaustivity in preVf should be analyzed as scalar implicature is further corroborated. 

4.2.3 Thesis 8: Context modulates the mental processes associated with the computation of 

exhaustivity 

We predicted that the presence of a contextual restriction on the number of referents to which the proposition 

of a preVf sentence can potentially hold has an effect on how the exhaustive interpretation of that sentence is 

calculated in the mind. More specifically, we predict that the presence of such a contextual restriction has an 

effect on whether non-exhaustive interpretational alternatives (such as those in 26b, 26c with respect to 26a) 

are entertained. The specific theory-based predictions we formulate here assume the interactive model of 

implicature generation (see Section 4.1.5). Consider again the four context-target sentence combinations 

exemplified in (26). The operator based view of exhaustive interpretation predicts no difference in the 

calculation of exhaustive inference in the case of the two sentence types in the two contexts: since, by virtue of 

the operator, exhaustivity is coded structurally and/or semantically in preVf, non-exhaustive alternatives should 

not be considered during the interpretation of preVf sentences in a non-restrictive context. This is also predicted 

for only-f sentences, in which exhaustivity is marked lexically. The account positing that exhaustivity arises as a 

conventional implicature also predicts that non-exhaustive interpretational alternatives should not be 

entertained in any of the contexts, since the conventionalized “meaning” of the preVf construction is exhaustive. 

This renders only-f and preVf similar, since by convention, only is also interpreted exhaustively. On the other 

hand, the scalar implicature account, along with the interactive view on implicature generation predicts that 

while in restrictive contexts non-exhaustive alternatives should not be considered, and therefore the exhaustive 

interpretation associated with only-f and preVf should be computed similarly, in non-restrictive contexts, the 

non-exhaustive alternatives should also be considered in the case of preVf as opposed to only-f. This is expected, 

since conversational implicatures are not semantically represented and they are not conventionalized either, but 

have to be computed based on context, task-related goals etc. In the case of preVf, this computation involves 

the exclusion of non-exhaustive interpretational alternatives when context does not directly support the 

exhaustive reading. The most important findings of these studies are presented below. 

Study 4 and Study 5 used the visual world paradigm to investigate mental processes associated with the 

computation of exhaustive interpretation. In both studies participants heard a sentence while looking at a set of 

four images. One of the images corresponded to an exhaustive scenario (target image), the other one 

corresponded to a non-exhaustive scenario (alternative image), while the other images served as distractors. The 

rate of exhaustive interpretation was operationalized as the rate of exhaustive image choices, while the rate with 

which the non-exhaustive interpretational alternative is considered during processing was estimated based on 

the ratio of looks to the exhaustive and non-exhaustive images as a function of time while the linguistic stimulus 

unfolded. As mentioned earlier, these measures were evaluated through a comparison with data from only-f 

sentences. 

The predictions regarding eye-gaze patterns to the target images corresponding to an exhaustive scenario (target 

image) and a non-exhaustive scenario (alternative image) is as follows. The operator based view predicts that 

there should be no difference in the amount of looks to the target and alternative images between only-f and 

preVf: the presence of a silent [+exhaustive] operator makes it unnecessary to entertain non-exhaustive 
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alternatives. Perhaps, it may be speculated that processing a silent operator is cognitively more costly, which 

could be reflected by longer RTs. However, we can foreshadow that no such pattern was found in the RT data. 

As far as the conventional implicature view is concerned, it suggests similar trends: if the meaning of the preVf 

construction is exhaustive by convention, there is no reason why the processing system should dedicate extra 

effort to entertaining irrelevant non-exhaustive alternatives. Therefore, these two views predict that there should 

be no difference between the looks to the target and alternative images during the processing of preVf and only-

f sentences. Also, it follows that context should have no effect. On the other hand, the scalar implicature view 

predicts that under certain conditions, the non-exhaustive alternative should also be considered during the 

process of interpretation. This follows from the view that preVf is underspecified for exhaustivity: in the lack 

of contextual support, like in the selection task used by Study 4 or the in non-restrictive contexts used in Study 

5, one has to actively calculate the exhaustive inference which includes the consideration and exclusion of non-

exhaustive interpretational alternatives. If this is indeed the case, there should be a difference in the amount of 

looks to the target image between preVf and only-f when the selection task is employed or when these sentences 

are presented in non-restrictive contexts revealing that participants look at the alternative image more in the 

case of preVf sentences than in the case of only-f sentences. 

The results of the two experiments in Study 4 support the scalar implicature view. Looking patterns obtained 

in the experiment employing the forced choice task showed that looks to the target image converged at an equal 

rate in the case of the two sentence types. This result is predicted by all focus interpretation accounts. The 

results of the multiple choice experiment, however, showed a divergence as predicted by the scalar implicature 

view. While participants increasingly looked at the target image at the same rate during the sentences, the rate 

of looks only increased in the case of only-f sentences during the critical, post-sentence period, while the rate 

of looks to the target image remained at chance level during the same period in the case of preVf sentences, 

despite the fact that at the end of the trial the exhaustive image was chosen. 

This pattern of looks obtained in the multiple choice task, namely that in the case of preVf participants 

constantly switched between the target and the alternative images before selecting the target image clearly 

indicates that the non-exhaustive alternative was considered to a greater extent than in the case of only-f 

sentences. This is exactly what the scalar implicature view predicts.  

However, the fact that context was manipulated through task type in Study 4 could raise concerns regarding 

the validity of our conclusions. Hence, Study 5 manipulated the presence of contextual restriction through 

textual descriptions of scenarios as exemplified in (26). Analysis of eye tracking data, just as in Study 4, included 

exclusively those trials in which participants gave an exhaustive response. 

Study 5 used a different design: while in Study 4 we compared two different sentence types within separate 

experiments using different contexts (i.e. task types), in Study 5 we presented both sentence types in both 

context types (i.e. restrictive and non-restrictive) within each experiment. Thus, the difference within the 

sentence types between the two context types could be analyzed: preVf in the restrictive versus non-restrictive 

contexts, and likewise, only-f in these two contexts. This method of comparison was used to circumvent 

potential confounds resulting from the comparison of two different sentence types whose interpretation may 

involve different steps during processing. Thus, in this respect, Study 5 is a methodological refinement to Study 

4 also in terms of design and in terms of how eye-tracking data is used to test our predictions. 

Results revealed that in the case of only-f sentences, the percentage of looks to the target increased at a similar 

rate in both contexts suggesting that the presence of a contextual restriction did not have an effect on the extent 

to which participants considered the non-exhaustive interpretational alternative. On the other hand, context did 

have an effect on the processing of preVf sentences, as predicted by the scalar implicature view: in the restrictive 

context, looks converged quickly on the target image, whereas in the non-restrictive context this convergence 

was much slower reflecting a tendency that participants were considering the non-exhaustive interpretational 

alternative to a greater extent. 
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Also, Study 5 compared the processing of preVf and postVf sentences in the two contexts. With regard to this 

comparison, it was predicted that the mental processes associated with the interpretation of preVf and postVf 

will be affected similarly by the contextual manipulation. Namely, the looks to the target image should be 

superseded in the restrictive context in both sentence types. This prediction is borne out of theoretical 

considerations (Surányi 2011), empirical findings (Gerőcs et al. 2014; Tóth & Csatár 2017) together with the 

results of Experiment 3 of Study 5 on the rates of interpretation in restrictive and non-restrictive contexts 

outlined in the above (Section 4.2.3). 

The results of the experiment investigating the processing of preVf and postVf sentences (Experiment 3), were 

also in line with the predictions of the scalar implicature view. The comparison of looking patterns during the 

preVf sentences in the restrictive and non-restrictive contexts were replicated: the percentage of looks to the 

target in the restrictive context was higher than in the non-restrictive contexts suggesting that participants 

considered the non-exhaustive interpretational alternative in the latter context to a greater extent during the 

processing of the sentence. Gaze measurements during the processing of postVf sentences showed a similar 

pattern: looks to the target converged faster in the restrictive context than in the non-restrictive context. These 

results, just as in the case of preVf sentences, show that the interpretational process of entertaining non-

exhaustive alternatives are affected by the presence of contextual restrictions. Since exhaustivity in the case of 

postVf is computed as a pragmatic inference (Surányi 2011, Gerőcs et al. 2014, Tóth & Csatár 2017), and looking 

patterns reflecting the interpretational processes of preVf and postVf patterned similarly as a function of our 

contextual manipulations, the conjecture that exhaustivity in the case of preVf is also associated with a pragmatic 

inference is further corroborated. 

4.2.4 Thesis 9: The exhaustive interpretation of the pre-verbal focus is best seen as a scalar type 

implicature 

We claim that the exhaustive interpretation associated with preVf should be analyzed as a scalar implicature, 

and we support this claim by a theoretical consideration outlined in Section 4.1.4 and by empirical findings 

provided by Study 3, Study 4 and Study 5. As far as the theoretical aspect is concerned, we contend that preVf 

and only-f form a scale along the dimension of informativity or explicitness regarding exhaustivity. As far as the 

empirical aspect is concerned, the results of the three studies jointly support the scalar view of exhaustive 

interpretation. These results are the following: i) the availability of a contextual set is necessary for licensing 

preVf constructions, and that context has an effect on ii) the rate of exhaustive interpretation and iii) the mental 

processes associated with the calculation of exhaustive interpretation. 

The finding that the presence of a contextually available set is a necessary condition for the use of preVf 

constructions corroborates the conjecture that exhaustivity which is tendentiously associated with it is an upper-

bounded interpretation. Note, that the idea that focus interpretation is intimately tied to alternative sets is in 

line with the findings of Study 2, which showed that preVf generates a set of alternatives in the mind. 

The results on the rates of exhaustive interpretation strongly suggest that exhaustivity is not coded by a syntactic 

or semantic operator, and also suggest that it is not a conventional meaning component of preVf. If either the 

semantic operator or the conventional implicature view were tenable, exhaustivity in preVf should be 

consistently computed as exhaustive at a rate comparable to only-f, and should not be affected by context. 

However, we found the opposite: if context does not directly support exhaustive interpretation, its relative rate 

in the case of preVf drops. The theory that best captures these results is the one that analyzes exhaustivity as a 

conversational implicature. The results on eye gaze measurements also confirm this conclusion and point to the 

direction that among conversational implicatures, exhaustivity in preVf is a scalar type implicature. Again, it has 

been found that contrary to the predictions derivable from the operator view and the conventional implicature 

view, the mental processes associated with the exhaustive interpretation of preVf are affected by contextual 

restrictions with respect to the number of potential referents for the focused element. If the context does not 
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include such a restriction, non-exhaustive interpretational alternatives are considered to a greater extent during 

the calculation of the exhaustive interpretation in preVf sentences. 

Study 5 also compared the rate of exhaustive interpretation and associated mental processes of preVf and 

postVf sentences. It was observed that both the rate of exhaustivity and the mental process of excluding non-

exhaustive alternatives are modulated by context in the two constructions similarly. Hence, the question presents 

itself: is there a difference in source between the exhaustive interpretation of preVf and postVf? In other words, 

how can we account for the intuition that the tendency to interpret focus containing sentences is stronger in 

the case of preVf than postVf? This intuition has been confirmed by experimental work (cf. Gerőcs et al. 2014). 

We tentatively suggest that a refinement of methodology could reveal more subtle differences between the two 

construction types. Regarding rates of exhaustivity, it is possible that certain properties of the contexts used in 

our experiments were such that they also encouraged participants to calculate an exhaustive interpretation and 

thus the exhaustivity rates in the restrictive and non-restrictive contexts were the same for the two focus types. 

More specifically, it is highly likely that the two construction types do not differ in their role of expressing 

exhaustivity (only-f serves this purpose perfectly), and consequently certain contexts, like the ones used by the 

studies above, may modulate tendencies of exhaustive interpretation associated with preVf and postVf alike. 

Consider the example in (17) (repeated as (27) for convenience): in the context of ordering in a café, the most 

relevant interpretation is exhaustive in the case of both (27a) and (27b), i.e. both in the case of preVf and postVf 

respectively. 

(27) a. Egy KÁVÉT kérek! 

  a coffee.ACC ask.PRES1SG 

  A coffee, please! 

 b. Kérek egy kávét. 

  ask.PRES1SG a coffee.ACC 

  A coffee, please! 

As far as the differences in processing of the preVf and postVf is concerned, it was also found that context had 

a similar effect on both construction types. Since the aim of our research was to investigate the extent to which 

non-exhaustive alternatives are considered during processing, our conclusions cannot go beyond stating that 

exhaustivity emerges as conversational implicature in both preVf and postVf. However, a visual inspection of 

the looking patterns associated with the processing of preVf sentences (Figure 14 in Study 5) and those 

associated with the processing of postVf sentences (Figure 15 in Study 5) suggests that the exhaustive 

identification of the referent occurs later in the case of postVf sentences. (Note that critical nouns were aligned, 

and consequently the more sluggish identification of the exhaustive image could not have been caused by 

differences in word order.) This observation suggests that the exhaustive interpretation is calculated later in 

postVf and is also in line with the claim that it is even less informative than preVf with respect to exhaustivity. 

We suggest that future work should address these questions, possibly testing the conjecture that postVf occupies 

the lowest position on the scale of informativity: <only-f, preVf, postVf>. 

Finally, let us entertain an alternative analysis to the scalar account proposed above. Based on the consideration 

that i) the scale <only-f, preVf> does not form a classical entailment scale (Section 4.1.3), and that ii) context 

plays a crucial role in the exhaustivity inference of preVf one may suggest that this inference should be analyzed 

as an ad hoc implicature. In the case of ad hoc implicatures, a set of alternatives is also created and excluded as 

part of the inference. As the name suggests, these alternatives are generated ad hoc, i.e. they are determined by 

the specific context of the utterance (on ad hoc scales see e.g. Hirschberg 1985; Levinson 2000). Consider 

example (28) borrowed from Levinson (2000), in which a friend is asking about Fred, who is making an attempt 

to cycle from the West Coast to New York City. 
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(28) A: How is Fred doing? 

 B: He’s got to Salt Lake City. 

 inference: Fred has not reached New York 

 nonce scale: <New York, Chicago, Salt Lake City, Reno> 

The friend’s response gives rise to the inference that Fred has not made it to New York yet. For this 

interpretation a scale needs to be generated, in which Salt Lake City occupies a lower position with respect to 

New York. Note that this scale is generated strictly with respect to the context of the utterance, and can only 

be generated if one is familiar with the location of cities in the USA and the itinerary of the cyclist. Given the 

response and the ad hoc scale in (28), the inference is calculable: had Fred reached New York, speaker A would 

not have made a more informative statement. Therefore Fred has not reached his final destination. 

Let us now present two reasons why we think that the ad hoc analysis for preVf exhaustivity is problematic. 

First, note that without the context above, the sentence He’s got to Salt Lake City does not license the inference 

that the person about which the statement is made has not reached New York yet. Ad hoc inferences can only 

be made strictly with reference to specific contexts. However, this is not the case for preVf: there is ample 

empirical evidence that out of context preVf sentences give rise to the exhaustivity inference. The second reason 

is that the type of alternatives that focus generates is always predictable. Hence, there is a strict restriction 

regarding the alternatives the focus, i.e. the inference triggering construction can generate. Again, this is not 

characteristic of ad hoc implicatures. Consider examples in (29). 

(29) a. ALÍZ aludt a padlón (és nem Benedek). 

  ALICE slept on the floor (and not Benedek). 

alternatives:  {Benedek, Cili, a szomszéd, Géza kutyája}  

  {Benedek, Cili, the neighbor, Géza’s dog} 

b.  ‘Alíz aludt a ‘padlón (és Benedek kint cigarettázott az erkélyen). (Accent marked by ‘.) 

 Alice slept on the floor (and Benedek smoked on the balcony). 

 alternatives:  {Benedek cigarettázott az erkélyen, Cili verset olvasott a másik szobában} 

   {Benedek smoked on the balcony, Cili read poems in the other room} 

In (29a) the focused element is Alíz. Therefore, this sentence generates a set of alternatives containing 

individuals (denoted by names or definite NPs). On the other hand, in (29b) the whole sentence is focused 

(broad focus), therefore it gives rise to a set of alternatives containing potential events (denoted by clauses). 

Based on the literature on different focus types in Germanic languages, and the results of Study 2, it seems 

reasonable to claim it is not only a theoretical claim that the type of alternatives focus generates is predictable. 

Albeit, the alternatives themselves are contextually determined. For these two reasons, we contend that the ad 

hoc analysis of preVf exhaustivity is not tenable. 

Apart from their relevance in contributing to the refinement of the theory of focus interpretation, the results 

presented in Study 4 and Study 5 are significant for two further reasons. First, these are the first studies to 

directly address the question of how the interpretation of Hungarian focus and context interact. This is an 

especially interesting question, since focus is defined as an information packaging device (see e.g. Krifka 2008), 

and as such, its definition and description inevitably includes claims regarding what role it fulfills in discourse, 

and vice versa, how discourse context may affect its interpretation. Still, earlier experimental studies had 

addressed the question of focus interpretation using paradigms in which participants were asked to interpret 

preVf sentences without prior discourse context. Hence, even if the theoretical interpretation of the data may 

be debated, the data themselves are interesting and novel. Second, these two studies were the first to investigate 

the mental processes of exhaustive interpretation associated with the Hungarian focus construction. We believe 

that these are important first steps in the study of how Hungarian sentences are processed. The question is 

especially interesting considering that Hungarian is a discourse configurational language in which the different 

discourse roles such as topic and focus are expressed through dedicated syntactic positions (É. Kiss 1995). Thus, 
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research may be continued to study other types of Hungarian focus, or different types of topics (such as 

presentation and contrastive topic), and a number of other word order phenomena (and perhaps prosody related 

aspects) that are pertinent to discourse configurational languages. Also, we hope that the paradigms used in the 

experiments can inspire and inform future studies using online methods in the investigation of the processing 

of Hungarian sentences. 

In sum, although the results pertaining to the availability of sets, to the rates of exhaustivity and to the mental 

processes associated with calculating exhaustivity may be interesting in their own terms, they are to be 

interpreted collectively. The role of sets suggests that exhaustivity is an upper-bounded interpretation. 

Additionally, the variability of exhaustive interpretation and the observation that non-exhaustive interpretational 

alternatives are also considered in non-restrictive contexts during processing jointly support the claim that the 

exhaustive interpretation of preVf is best seen as a conversational, scalar type implicature. Adding to this: the 

theoretical consideration that preVf and only-f form a scale of informativity point towards the idea that preVf 

exhaustivity should indeed be seen as a scalar implicature. 

4.2.5 Thesis 10. Exhaustivity associated with focus is derivable from its attention capturing properties 

As a final point, we formulate the tentative proposal that the exhaustive interpretation associated with preVf is 

derivable from its attention capturing properties. Before discussing the details, let us summarize the findings 

pertinent to our proposal. Part 3 established that attention related processes operative during the encoding and 

refreshing of the linguistic elements are modulated by focus. The focused element is allocated more attention 

during encoding and it is refreshed according to task demands: if the task allows the focused element to be 

foregrounded, the focused element receives more refreshing, whereas if a focused and a non-focused element 

are both task-relevant, the non-focused item receives priority for refreshing. In the latter case, this strategy is 

likely to be employed since the focused element is already in a more elevated state of activation due to its 

stronger encoding. We have also shown that focus marking amounts to marking prominence linguistically: items 

marked for prominence in a non-grammatical way (i.e. multi modally presented items) activate the same task-

dependent refreshing schedules as focus. Part 4 asked the question of what is the source of the exhaustive 

interpretation of preVf observed throughout the theoretical and experimental domain. Our findings 

demonstrated that exhaustivity is not a syntactically or semantically coded feature, but most probably it is 

calculated as a pragmatic inference. Together with theoretical considerations we proposed that the source of 

exhaustivity is best seen as a scalar implicature. 

The conjecture regarding the source of exhaustivity above was formulated within the domain of pragmatics, 

which, being a subfield of communication theory, attempts to capture linguistic phenomena related to 

conditions of use and interpretation in terms of communicative goals and values. Although by setting up a 

taxonomy of different interpretational relationships in the study of meaning (such as entailment, presupposition, 

conventional- and conversational implicature etc.) and positing a semantics-pragmatics interface a lot can be 

accounted for, we contend that the explanatory power of meaning related accounts can be further increased if 

psychological mechanisms not intimately related to language itself are also considered. We believe that our 

findings related to the psychological mechanisms operating on the representations of focused elements allow 

for such considerations: the observation that the focused element receives extra attention by virtue of being the 

most prominent one in a sentence or utterance explains the strong tendency that this element is interpreted 

exhaustively. To introduce the idea, let us quote Birch & Rayner (1997, p. 653): 

Given the limitations of human information-processing capabilities, an important aspect of successful 

language comprehension involves selectivity in what is encoded and retained from sentence to sentence. 

Some information becomes more available for use in interpreting subsequent sentences, while other 

information becomes less available. Typically, selectivity [emphasis added] in what is attended to and 

retained is based on salience: concepts that are perceived as important are attended to more closely 

than other information, since these concepts seem likely to be the ones that will be needed for understanding 
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forthcoming information [emphasis added]. One factor that affects perceived importance or salience of 

information within sentences is linguistic focus. 

Although Birch & Rayner (1997) do not make any reference to exhaustivity, their consideration is directly 

applicable to it. A central notion in the above passage is selectivity. The selective nature of attention is observable 

when salient linguistic elements (such as linguistically focused elements) are processed: salient information is 

attended, while the non-focal information remains unattended. This claim is in line with our findings that focus 

modulates attention-based WM processes. The role of attention in tasks that WM is involved in is crucial: “the 

focus of attention allows a coherent organization and interpretation of the information it contains, but that 

information is limited to a few, separate known items at a time” (Adams et al. 2018 p. 345). In the case of focus 

interpretation, one task of the processing system is to integrate the focused element and the rest of the predicate 

to generate the interpretation of the whole focus containing expression. During this process, the representation 

of the focused element is allocated extra attention, and as a consequence of the selective nature of attention 

others are excluded. Thus, it follows that the predicate will be considered to hold for this element and not some 

other, less attended items. Hence, the whole focus containing expression will be assigned exhaustive 

interpretation. 

One might object, however, that the activation of focus alternatives (see Thesis 3, Section 3.5.3) poses a problem 

for this proposal. If alternatives are also activated, these elements could easily be considered as possible 

candidates to which the focus containing predicate also holds. Hence, the rate of exhaustive readings should 

not be as high as generally observed. Note, however, that a distinction is to be made between activated and 

attended WM items. Findings in the retro-cue literature have demonstrated the importance of such a distinction. 

For example, in an experiment by Loaiza and Souza (2018), participants were shown five dots of different to-

be-remembered colors on a screen at a particular location, one of which was later tested on a color ring. Between 

the presentation of the colors and the test phase, a brief interval was inserted during which participants were 

cued with one cue (single cue-condition) or two cues (double cue-condition) regarding which color would be 

tested. Trials with no cue were also presented as a control-condition. In the single cue-condition, the cue was 

always valid with respect to the location of the tested color, whereas in the double cue-condition only the second 

cue was valid. Hence, in the double-cue condition the first cue lost its relevance. Since trials in the different 

conditions were presented in a random order, upon seeing the first cue, participants could not anticipate whether 

the color corresponding to this particular cue would be tested or not. Thus, the experimental task required 

participants to shift their attention depending on the cue presentation during refreshing and maintain the 

activation of both items. The results indicated that the probability of recalling information was increased in both 

single- and double cue-conditions relative to the control-condition demonstrating that the retro-cue benefit was 

present even when the first cue was irrelevant. Thus, the findings of Loaiza and Souza (2018) show that 

representations in WM may have different states: until the second cue was presented, the color corresponding 

to that cue must have been upheld somehow even if it was not attended, else, the retro cue benefit would not 

have been observed in the double cue-condition. Such observations in the retro cue literature led researchers to 

differentiate between attended memory items and unattended memory items. The latter, although not attended 

to, may still be active, else, they could not be used efficiently in a WM task. In light of these findings, we argue 

that WM content during the processing of focus containing expressions may also be divided into attended items, 

such as the representation of the focused element, and unattended but highly available items, such as focus 

alternatives. 

The proposal to derive the exhaustive interpretation of focus from its attention controlling properties 

accommodates the observation that task or context modulates the rate of exhaustivity and the inferential 

processes associated with exhaustive interpretation (Part 4). Note that the results of Loaiza and Souza (2018) 

outlined above not only demonstrate that unattended memory items may still be available, but also that attention 

during WM retention can switch dynamically according to task demands: when the second cue was presented, 

participants shifted their attention to the corresponding WM item. This effect was also manifest in Experiment 
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3 in Study 1: when the task required participants to respond to both visual probes, their attention was allocated 

to the non-focused element to a greater extent. Similarly, the task imposing no restrictions on the choice of 

images in Experiment 3 of Study 4 and the non-restrictive contexts used in Study 5 may have modulated the 

attention system in a way that not only the representation of the focused element was allocated extra attention, 

but also other, non-focused elements. The lower rate of exhaustive readings and the observed inferential 

processes whereby non-exhaustive alternatives were also considered may have been the result of this sharing of 

attention among multiple possible interpretational candidates during processing.  

In order to further elaborate our point, let us demonstrate the parallelism between how linguistic focus and 

attention have been grasped within their respective domains of linguistics and psychology. Within the linguistic 

domain, focus has been generally shown to be the linguistic device that “foregrounds” or “highlights” important 

information. At the same time, it has also been shown that elements falling outside the scope of linguistic focus 

are “excluded” from the interpretation in the sense that the predicate of focus expression is not considered to 

hold for them. This amounts to exhaustive interpretation. Parallelly, within the domain of psychology, attention 

has been defined from the very beginning as “taking possession of the mind, in clear and vivid form, of one out 

of what seems several simultaneously possible objects or trains of thought. Focalization, concentration of 

consciousness are of its essence. It implies a withdrawal from some things in order to deal effectively with 

others” (James 1890, pp. 403-404). Both linguistic focus and attention have two essential components: one is 

the concentration on some specific element and the other is the exclusion of other elements. We strongly believe 

that such characteristics of linguistic focus are the consequence of the psychological characteristics of attention. 

The parallelism is not accidental: linguistic focus acts as a spotlight; it sheds light on particular elements, while 

others are excluded by necessity. 

5 Summary and conclusion 

The present Thesis addressed questions regarding the representation and interpretation of the Hungarian pre-

verbal focus construction.  

In the first major part, we proposed that the function of focus is to guide the attention of the addressee. To test 

this claim, attention allocation during the encoding, and refreshing of focused elements were examined. The 

results showed that during encoding, more attention is allocated to the focused element than to its non-focused 

counterpart, while during refreshing attention is allocated to the focused element depending on task demands: 

if, in sentences with a topic and a focus constituent, the foreground-background distinction is relevant, the 

focused element is refreshed at a higher rate than its non-focused counterpart. If, however both the topic and 

the focus are equally relevant for the given task, the topic receives more refreshing than its focused counterpart. 

In line with the international literature, we also claimed that the focused element is more accessible in Working 

Memory, and that focus alternatives are generated. Evidence for this claim was provided via the results of a 

probe recognition experiment. Additionally, we tested the claim formulated by Stevens & Roberts (2019) that 

focus should be seen as a grammaticalized means of applying prominence selectively within utterances. We 

provided evidence for this claim in an experiment in which the redundancy of verbal stimuli was manipulated 

and their refreshing rate was measured. Results showed that redundantly presented verbal stimuli gave rise to 

the same refreshing patterns as focus suggesting that the above claim is tenable. 

In the second part of the Thesis we investigated the exhaustive interpretation of the pre-verbal focus 

construction, and conjectured that it should be analyzed as a scalar type pragmatic inference. We aimed to 

support our claim by theoretical considerations and empirical results. Regarding theory, we showed that 

exhaustivity can be seen as a conversational implicature (as opposed to a conventional implicature), and 

demonstrated that the pre-verbal focus and the lexically marked focus construction form a scale of informativity, 

or explicitness in terms of exhaustivity. Regarding experimental findings, we showed that the use of the focus 

construction is motivated by contexts that contain a set of relevant alternatives, and that the rate of exhaustive 
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interpretation and the mental processes associated with the calculation of exhaustivity are affected by contextual 

factors: in the absence of contextual support on exhaustivity, non-exhaustive interpretational alternatives are 

also considered. Taken together, we concluded that our conjecture regarding the scalar nature of the exhaustive 

inference in the pre-verbal focus is tenable.  

Finally, we made the tentative proposal that the exhaustive interpretation of focus is derivable from its attention 

controlling properties. We suggested that there is a strong analogue between the selective nature of attention 

and exhaustivity: relevant items are attended, while others are excluded. Nevertheless, we admit that this account 

is more of a hypothesis than an explanation, and that further experimental investigation is needed to test it. 

Experimental work summarized in the present Thesis is novel for a number of reasons. First, the studies have 

introduced methodological novelties in the examination of linguistic focus, such as pupillometry and the blank-

screen paradigm in the research on attention allocation during the encoding and refreshing of the representation 

of focused elements. Also, the visual world paradigm was first used to study the interaction of contextual factors 

and the much studied exhaustive interpretation in the pre-verbal focus. With regards to the production study, 

no experimental work had endeavored before to identify contextual factors that contribute to the use of the 

pre-verbal construction. Additionally, all investigations were carried out on a discourse configurational language, 

such as Hungarian. As the questions addressed here have mainly been investigated in configurational languages, 

hopefully, the results presented in the current work may help gain a more complete picture on focus. 
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A B S T R A C T   

Focus is a linguistic device that marks a piece of information within an utterance as most relevant, as when 
emphasis is placed by the speaker on a word using phonological stress, special intonation, or prosodic promi-
nence. The question addressed in the present study is whether the use of linguistic focus is best seen as a means of 
directing the listener’s attention. We investigated attention allocation on the part of the listener to linguistically 
focused elements in working memory in a series of eye-tracking experiments. We concentrated on two processes: 
the encoding of the focused element and its retention. Attentional load during encoding was measured by pupil 
dilation, and attention allocation during retention was estimated from fixations to locations of previously present 
visual stimuli on a blank screen. It was found that i) more attention was allocated during the processing of 
sentences with linguistic focus and ii) linguistically focused elements received more attention during memory 
retention. However, when the task demanded the sharing of attention, the advantage of the focused element 
during retention disappeared. Further experiments showed that when verbal stimuli whose prominence was not 
linguistically marked were presented, the patterns of attention allocation associated with linguistic focus during 
retention replicated. These results lend further support to the claim that linguistic focus is a grammaticalized 
means of expressing prominence, and as such, functions as an attention capturing device.   

Introduction 

A message that we want to communicate can be expressed through 
various linguistic forms depending on what aspect of that message we 
consider to be particularly important, new, or relevant. Consider 
Speaker B’s response in conversation (1).  

(1) A: Carl likes tuna.  
B: No, he likes HERRING.  

Speaker B is aware that the conversation is unfolding on the topic of 
Carl’s food preferences, and the new, critical piece of information in her 
message is that it is herring that Carl likes as opposed to some other type 
of seafood. For this reason, Speaker B produces the critical linguistic 
element (i.e. herring) with prominent prosody. Such a linguistic choice, 
that is, the marking of a part of an utterance by some linguistic means as 
especially relevant or important in a given context is called linguistic 
focus marking (Stevens, 2017). Accordingly, the linguistically focused 

element in B’s response is the expression herring. (Linguistically focused 
elements will be set in small capitals in the examples henceforth.) The 
option to mark certain elements for focus in utterances is believed to be 
universally present in human languages but the means through which it 
is achieved varies (É. Kiss, 1998; Stevens & Roberts, 2019): it can be 
expressed via prosody, as in the example above, but focus can also be 
marked via syntax, morpho-syntactic means, or a combination of these. 

Research concerned with the functional (as opposed to formal) as-
pects of linguistic focus proposes that this linguistic device is used in 
order to make verbal communication more efficient (Stevens & Roberts, 
2019), and that it does so by guiding the listener’s attention to the 
focused element. The attention guiding properties of linguistic focus 
have primarily been investigated using an indirect method, namely, by 
studying the memory accessibility of linguistically focused elements. In 
other words, research has concentrated on how readily linguistically 
focused elements are retrieved from memory as opposed to elements 
that are not marked for focus. Results have shown that linguistic focus 
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indeed enhances the retrieval of such elements: if an element is 
linguistically focused, this element is more likely to be recalled from 
memory (Osaka, Nishizaki, Komori, & Osaka, 2002), or a change in this 
element in later discourse is more readily identified (Sanford, Sanford, 
Molle, & Emmott, 2006; Sturt, Sanford, Stewart, & Dawydiak, 2004; 
Ward & Sturt, 2007). Conclusions regarding the attention capturing 
properties of linguistic focus have been made based on these observa-
tions. The rationale is as follows: the increased accessibility of linguis-
tically focused elements in memory is the result of their more in-depth 
processing which is in turn triggered by their attention capturing 
properties. 

The purpose of the present work is to investigate the attention 
capturing function of linguistic focus using more direct methods than the 
assessment of the memory accessibility of linguistically focused ele-
ments. In order to achieve this aim, we shall investigate two attention- 
based processes: i) the encoding of linguistically focused elements into 
memory, i.e. the formation of the mental representation corresponding 
to the linguistically focused element while it is being processed, and ii) 
the refreshing rate of the representation of the focused element, i.e. the 
amount of attention that the representation of the linguistically focused 
element receives while it is maintained in memory. Regarding both of 
these processes, we conjectured that more attention is allocated to a 
linguistic element if it is focused (e.g. the element herring in example 
(1)), than when it is not focused (e.g. in a sentence in which herring is not 
focused). Considering the tenet that linguistic focus is a device univer-
sally available in languages, we also conjecture that its attention 
capturing property is not the consequence of specific focus marking 
strategies within particular languages, but that it is derivable from a 
more general characteristic. This characteristic is prominence. In other 
words, we shall provide evidence that linguistic focus can modulate 
attention simply by virtue of being the most prominent, attention- 
capturing part of the sentence. 

Linguistic focus 

Human languages tend to employ a set of means to indicate that a 
particular element within a sentence is the most important or most 
relevant part of that sentence. This part of the sentence is called its focus. 
The option to mark elements for linguistic focus within sentences en-
hances the efficiency of verbal communication, since it enables the 
speaker and hearer to identify what is important, relevant or contrasted 
as opposed to what is backgrounded or part of the common ground, thus 
streamlining the exchange of information (Stevens & Roberts, 2019). 
Human languages resort to different strategies of linguistic focus 
marking. A frequent strategy across languages is the use of phonological 
stress, special intonation or some other type of prosodic prominence, as 
in English (see Example 1 above), but a language may also use 
morphological marking, a special syntactic structure, word order or a 
combination of the above. In Hungarian, for instance, which is the 
language used for our experiments, an element is marked for focus if it 
appears in an immediately pre-verbal position and bears the main pitch 
accent in the sentence (see Example 2c). Thus, the English example in 
(2a) and the Hungarian example in (2c) are analogues, since the lin-
guistic element denoting ‘goat’ is marked for focus in both sentences. In 
contrast, if this element is not immediately pre-verbal in the Hungarian 
sentence and does not bear the main sentential accent, it is not marked 
for linguistic focus (see Example 2d). Note, that while the object noun 
appears right before the verb in (2c), it is separated from the verb by the 
particle fel (up) in (2d). Hence, (2b) and (2d) also constitute analogues, 
since neither of them contains a linguistically focused element: goat is 
not marked by prosody in the English example, and kecskét (i.e. goat) is 
not immediately pre-verbal in the Hungarian example. In sum, (2c) 
exemplifies a Hungarian sentence with linguistic focus marking in which 
the element referring to ‘goat’ is marked for focus, whereas (2d) presents 
a “focusless sentence”, that is, one in which no element is marked for 

focus.  
(2) a. The dog woke up THE GOAT.  

b. The dog woke up the goat.  
c. A kutya A KECSKéT keltette fel.   

the dog.nom the GOAT.acc woke up  
d. A kutya a kecskét fel-keltette.   

the dog.nom the goat.acc up-woke  

Since the communicative significance of a sentence containing linguistic 
focus may be dependent on the context in which it is used (see e.g. 
Krifka, 2008), definitions and accounts of linguistic focus marking in the 
field of theoretical linguistics are rather divergent. Some authors argue 
that the function of focus marking is to bring a piece of information into 
the foreground while backgrounding the rest of the proposition 
expressed by a sentence (e.g., von Stechow, 1991; Krifka, 1992). Others 
see the focused item as the part of the sentence that the speaker assumes 
to contain new or unpredictable information for the listener, or is 
especially informative to the listener (Halliday, 1967; Jackendoff, 1972; 
Knud, 1994). A third family of answers maintains that the function of 
linguistic focusing is to evoke a set of alternatives with which the 
referent of the item marked for focus is contrasted as the one that is of 
relevance in the discourse (É. Kiss, 1998; Rooth, 1985, 1992; Krifka, 
2008). An additional account posits that sentences containing linguistic 
focus are answers to implicit questions in discourse, and that the focused 
element constitutes the part about which the implicit question is made 
(Roberts, 2012). Although the approaches to and definitions of linguistic 
focus are rather diverse in the literature, linguistic focus appears to have 
a core property, which is best captured by a definition by Stevens 
(2017): focus is the part of an utterance which has the greatest 
communicative importance, and is marked as such by some linguistic 
means. This is the definition that we also adopt for the present work. 

The definition by Stevens (2017) is especially appealing, since, as 
opposed to strictly theoretical linguistic accounts, it enables the 
researcher to approach the question of linguistic focus from a psycho-
logical perspective. For instance, also using this definition, Stevens and 
Roberts (2019) argue that linguistic focus marking is a way to encode 
prominence in grammar, and as such, it is a solution to the problem of 
communicating information efficiently while reducing the risk of it 
being lost in a noisy environment. One potential consequence of 
assigning prominence to information is that its memory representation is 
enhanced in the comprehender. In other words, the mental representa-
tion of a focused element is more detailed or fine grained, and it is more 
readily retrieved from memory when needed. Experimental evidence 
suggests that this is indeed the case. Specifically, it has been shown that 
a linguistic item marked for focus is more readily recognized in an im-
mediate recognition task (Mckoon, Ratcliff, Ward, & Sproat, 1993), it is 
better remembered in delayed recognition and naming tasks (Birch & 
Garnsey, 1995), a change in a linguistically focused element is more 
readily detected in a probe-recognition task (Sturt et al., 2004; Ward & 
Sturt, 2007), words marked for focus are more likely to be recalled in a 
reading span test (Osaka et al., 2002), and pronouns are more readily 
integrated if they are co-referent with a linguistically focused antecedent 
in discourse (Sanford, Price, & Sanford, 2009). 

In a particularly interesting study, Sanford et al. (2006) used a 
change detection paradigm to demonstrate that linguistic focus marking 
not only improves memory performance but also affects depth of pro-
cessing. Participants listened to short three-sentence stories as exem-
plified in (3). The first sentence of the stories introduced an implicit 
question. In the focus condition, this question (i.e. Which money had been 
stolen?) was answered by the focused constituent in the second sentence 
(from the wallet). In other words, the element constituting the answer to 
the question (i.e. wallet) was marked for linguistic focus via prosodic 
prominence since this element carried the most important piece of in-
formation in the sentence. (Note that although the whole phrase from the 
wallet carries critical information, only the content word wallet is 
marked via prosody in English.) In contrast, in the control condition the 
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implicit question (What happened?) was answered by the second sen-
tence as a whole. Thus, this sentence, unlike its counterpart, did not 
contain a focused element.  

(3) Focus condition  
They wanted to know which money had been stolen.  
The money from the WALLET had been stolen.  
Thefts in the area were becoming all too common.  
Control condition  
They wanted to find out what had happened.  
The money from the wallet had been stolen.  
Thefts in the area were becoming all too common.  

Each story was followed by a test sentence, which was the second sen-
tence of the story in one of three conditions: i) with no changes, ii) with 
the critical word (e.g. wallet) replaced by a close semantic associate (e.g. 
purse), or iii) with the critical word replaced by a distant word (e.g. 
bank). Participants’ task was to indicate whether they had detected any 
change or not. The results revealed that there were significantly more 
correct change detections in the focus condition than in the control 
condition, and this effect was greatest for close semantic associates. 
Based on these results, the authors conclude that focus marking en-
hances the memory representation of the item in focus because it in-
creases depth of processing via directing the attention of the listener to 
the linguistically focused element. 

Based on their review of the literature, Ferreira and Lowder (2016) 
propose a model integrating the depth of processing approach with the 
linguistic approach. The authors argue that since old, presupposed or 
given information is predictable, it requires no more than superficial 
processing on the part of the comprehender, while the parts of the 
sentence expressing new and unpredictable information will be pro-
cessed in more detail. If the model is correct, the increase in depth of 
processing should be reflected not only in enhanced memory perfor-
mance but also in the pattern of attention allocation. This is one of the 
questions we undertake to test by comparing the patterns of attention 
allocation in sentences with versus without linguistic focus marking. 

A second question we shall investigate is whether the attention 
capturing property of linguistic focus marking is specific to a conven-
tional linguistic device such as word order or prosodic prominence, or it 
could arise from any manipulation of the stimulus. Some evidence for 
the view that focus marking does not need to rely on conventional lin-
guistic codes is provided by Stevens and Roberts (2019) and Sanford 
et al. (2006). Stevens and Roberts (2019) show that focus marking may 
emerge spontaneously in a task where a problem has to be solved with 
the help of an artificial language. Of greater relevance to our study is 
Sanford et al. (2006), who also used their change detection paradigm 
with stimuli where the experimental manipulation was typeface rather 
than the presence of linguistic focus. In this experiment, the short stories 
read by participants included a critical word in either regular typeface or 
in italics with no other difference between the two story conditions. The 
results were analogous to the results of the experiment examining the 
effects of linguistic focus: italic typeface increased the likelihood of 
change detection and the effect was stronger in the close semantic 
associate condition than in the distant word condition. The authors 
further note that other devices have also been observed to give rise to 
similar effects. These include linguistic devices such as sound patterning 
(e.g., rhyme and alliteration) or discourse cues (e.g., direct address: 
“you” and repetition) and non-linguistic devices such as typography, 
punctuation and layout (e.g., boxed texts, underlining and salient font 
types). The second question our study will therefore address is whether 
the pattern of attention allocation triggered by linguistic focus marking 
may be observed if the prominence of the experimental stimulus is not 
marked by grammatical means (i.e. linguistic focus marking) but by 
some non-conventional, non-linguistic method (such as typeface or 
other non-linguistic device used by Sanford et al., 2006). Since the latter 
methods are not part of any linguistic convention, we shall henceforth 
refer to this type of emphasis as non-conventional prominence marking. 

In sum, the present study examines the effects of linguistic focus 

marking and the effects of non-conventional prominence marking on 
attention allocation in the addressee. As mentioned above, the allocation 
of attention will be measured while the representations of the linguis-
tically focused or non-conventionally marked prominent elements are 
encoded and retained in Working Memory. 

Refreshing and memory performance 

Working Memory (WM) is the cognitive system responsible for 
storing, processing and manipulating information needed for a given 
cognitive task for a limited period of time (Baddeley, 2003). To serve 
this function, the operation of WM involves two kinds of processes 
pertinent to the purposes of the present study: the encoding and the 
retention of information. 

We shall first discuss the retention of information and turn to the 
process of encoding in the next section. Retention in WM involves active 
processes whose aim is to prevent the decay of information. An 
attention-based retention process pertinent to our study is refreshing 
(Camos et al., 2018). Refreshing is the domain-general attention-based 
maintenance process that involves the reactivation of memory traces 
(Souza, Vergauwe, & Oberauer, 2018; Vergauwe & Langerock, 2017). It 
is a mechanism whereby attention is directed to a specific piece of in-
formation in WM with the aim of making that piece of information 
highly accessible. Experimental research has shown that there is a direct 
link between the availability of items in WM and the rate of refreshing (i. 
e. the amount of attention an item receives during refreshing): the 
higher the rate of refreshing of an item, the higher its accessibility 
(Barrouillet & Camos, 2012; Barrouillet, Portrat, & Camos, 2011; Hig-
gins & Johnson, 2009; Vergauwe & Cowan, 2015). A widely used 
method of studying the effects of refreshing memory items on WM 
performance is directly guiding attention by using retro-cues (Griffin & 
Nobre, 2003; Landman, Spekreijse, & Lamme, 2003; Souza, Rerko, & 
Oberauer, 2015; Souza et al., 2018). In retro-cue experiments, a set of 
items are presented on a screen, and the participant is informed that they 
will have to perform a WM task with relation to this set. The stimuli then 
disappear and a visual cue is shown (retro-cue) marking the location of 
one element of the set on a blank screen (e.g. an arrow pointing at the 
location where the target stimulus appeared on the screen, or a color 
sample showing the color of the target item etc.). The results of these 
experiments reveal that WM performance is better for cued items than 
for non-cued items, i.e. cuing a particular item leads to a so-called retro- 
cue benefit. The underlying assumption behind the retro-cue paradigm is 
that directing attention to a feature (e.g. location, shape, color) of a 
previously present item brings the representation of that item into the 
center of attention, which amounts to refreshing its memory trace (and 
potentially removing those of non-cued items, see Souza et al., 2014). 

In a series of retro-cue experiments carried out by Souza et al. (2018), 
both the effects of refreshing rate and the modality of the to be 
remembered information was examined. The first two experiments 
tested the retro-cue benefit for visuospatial information (i.e. color and 
location of the memoranda) manipulating the variables of retro-cue type 
(location or color) and retro-cue frequency for a particular item (retro- 
cue presented zero, one or two times). Results revealed that the 
refreshing rate was inversely proportional to recall error rates, and that 
there was an extra benefit of spatial as opposed to purely color cues. In a 
following experiment, it was shown that not only visual information can 
be refreshed, but information in the verbal modality also benefits from 
an increased rate of refreshing: results indicated that there was a positive 
correlation between the correct recall of words and the frequency of 
cueing. The findings of Souza et al. (2018) bear special relevance to the 
present study for two reasons. First, the results demonstrate that 
refreshing is domain general (as opposed to phonological or visual 
rehearsal which are restricted to their respective domains), i.e. visual, 
spatial and verbal information can also be refreshed effectuating 
improved WM performance. Second, the authors have demonstrated 
that the frequency of refreshing directly affects the probability of 

T. Káldi and A. Babarczy                                                                                                                                                                                                                     



Journal of Memory and Language 116 (2021) 104187

4

successful retrieval. In other words, if more attention is allocated to the 
representation of WM items, the retrieval of these items will be 
improved. 

Although the results of the retro-cue literature are especially infor-
mative regarding the mechanisms of refreshing, the retro-cue paradigm 
is not suitable for our current purposes. As it was developed to manip-
ulate the direction of attention during retention, it does not allow the 
researcher to study which representations are spontaneously refreshed 
(Souza et al., 2018). For this reason, we resorted to using the blank 
screen paradigm as explained below. 

Measuring attention allocation during retention and encoding 

We used the blank screen paradigm to investigate the automatic 
allocation of attention to the representation of linguistically focused 
memory items during retention. In a blank screen experiment, partici-
pants are shown a visual memory set together with some verbal in-
struction, which they have to carry out later during the trial. After the 
presentation of the visual stimulus, a blank screen is displayed, during 
which gaze patterns are measured. The rationale behind the paradigm is 
as follows. It is assumed that participants construct a mental represen-
tation of the visual scene and in the absence of that visual scene task- 
relevant aspects of its representation are attended. The focus of atten-
tion is reflected by the location of fixations: participants fixate on screen 
regions that had earlier been occupied by task-relevant items (Altmann, 
2004; Hoover & Richardson, 2008; Richardson & Kirkham, 2004; 
Richardson & Spivey, 2000; Spivey & Geng, 2001; Theeuwes, Belopol-
sky, & Olivers, 2009). Studies investigating the effects of these so-called 
“looking-at-nothing” phenomena have established that looks-at-nothing 
corresponding to an item improve WM performance for that item and all 
item-related information (Hollingworth & Henderson, 2002; Kuo, 
Stokes, & Nobre, 2012; Martarelli, Chiquet, Laeng, & Mast, 2017; Van-
kov, 2009). Additionally, an array of studies explicitly addressed the 
question whether looks-at-nothing are only an epiphenomenon during 
WM operations, or they also have a functional role (Johansson & 
Johansson, 2014; Johansson, Holsanova, Dewhurst, & Holmqvist, 2012; 
Laeng, Bloem, D’Ascenzo, & Tommasi, 2014; Scholz, Mehlhorn, & 
Krems, 2016). Results consistently supported the latter assumption 
suggesting that the eye movements measured on a blank screen are 
correlates of shifts of attention to relevant memory items (Scholz et al., 
2016). 

Johansson and Johansson (2014) demonstrated the functional role of 
looks-at-nothing with a blank screen experiment in which eye- 
movements were directed: an empty box encouraged participants i) to 
look at the location of a memory item, ii) to look at a different location 
on the screen, or iii) to fixate the center of the screen. Additionally, a 
free-gaze condition was also included. The results in the free-gaze con-
dition showed the expected trend, namely that participants fixated most 
the region of the blank screen where the relevant memory item had been 
located. The results further revealed that when gaze was directed away 
from the locus of the relevant memory item, WM performance deterio-
rated as evidenced by both poorer accuracy and longer reaction times 
(RT). Another study by Scholz et al. (2016) established that the func-
tionality of looks-at-nothing extends to not only visuospatial, but also to 
verbal information. In this experiment participants listened to sentences 
about sights during the encoding phase (e.g. In Velbert you can find a 
bicycle museum, a sickle-shaped bay, …). Concurrently with the presen-
tation of the sentences, a loudspeaker was shown in one quadrant of the 
screen. Later participants heard a test statement about the sentence (e.g. 
In Velbert you can find a bicycle museum) and were shown a colored dot on 
the screen. The experimental task was to make a truth value judgement 
about the test statement. The experiment had three conditions: a free- 
gaze condition, a condition in which the location of the dot was 
congruent with the location of the loudspeaker and a condition in which 
the location of the two visual cues were incongruent. The results 
revealed that in the free gaze condition participants looked at the region 

where the loudspeaker had been presented. Moreover, the proportion of 
these looks was higher for correct responses. An analysis of the directed 
gaze conditions showed that accuracy rates were higher and RTs were 
faster in the congruent than in the incongruent condition. Scholz et al. 
(2016) concluded that in the case of verbal information, eye movements 
are made to associated locations, and that such movements increase the 
likelihood of successful retrieval. 

Based on the results of Scholz et al. (2016) and the extensive body of 
literature on refreshing and looks-at-nothing, we consider the blank 
screen paradigm to be suitable for the investigation of the spontaneous 
refreshing of linguistically focused elements, i.e., for testing the hy-
pothesis that the representations of linguistic items marked for focus are 
refreshed at a higher rate during retention in WM. 

As noted earlier, we also investigate how linguistic focus modulates 
attention allocation during the encoding of the linguistically focused 
elements. The role of attention during encoding (i.e. the formation of 
memory representations) is especially pertinent here, since the mecha-
nisms of attention determine what information gets selected to become 
WM content (Knudsen, 2007). A widely used method of gauging the 
relative amount of attentional load during a cognitive task is pupill-
ometry. Since cognitive tasks are reliably accompanied by phasic pupil 
dilation changes, these changes are generally accepted to be reporter 
variables of the cognitive load that a particular task incurs (Beatty & 
Lucero-Wagoner, 2000). A phasic change in pupil size observed during a 
cognitive task is most commonly referred to as task-evoked pupillary 
response, which has been shown to be a reliable indicator of a range of 
human cognitive processes (for a comprehensive review see Beatty & 
Lucero-Wagoner, 2000). For example, this measure positively correlates 
with cognitive load (see e.g. Hess & Polt, 1964; Kahneman & Beatty, 
1966; Goldinger & Papesh, 2012; Hyönä, Tommola, & Alaja, 1995), 
mental effort as modulated by incentive to solve a cognitive task (Heitz, 
Schrock, Payne, & Engle, 2008), and attentional load (see e.g. Hoeks & 
Levelt, 1993; Aston-Jones & Cohen, 2005; Sara, 2009; Mathôt, van der 
Linden, Grainger, & Vitu, 2013; Johnson, Miller Singley, Peckham, 
Johnson, & Bunge, 2014; Koelewijn, de Kluiver, Shinn-Cunningham, 
Zekveld, & Kramer, 2015). Also, it has been found that pupil size posi-
tively correlates with the number of items to be held in WM and that 
individuals exhibiting greater variability in pupil size before carrying 
out a cognitive task perform worse in that task (Unsworth & Robison, 
2015). Thus, pupil size can not only be a measure of attention allocation 
during a memory task but also of attentional states (Robison & Uns-
worth, 2019). It has also been shown that pupil size change is strictly 
time-locked to changes of attention allocation (Kang, Huffer, & 
Wheatley, 2014), and that pupil size is indicative of how attention is 
allocated selectively during WM encoding depending on the degree of 
importance of the item to be encoded (Ariel & Castel, 2014). Further-
more, Aston-Jones and Cohen (2005) provide a coherent account of the 
neurological basis for why phasic pupil size change is a reliable and valid 
measure of attentional load by emphasizing that pupil size and the ac-
tivity of brain areas responsible for attention allocation are tightly 
linked. 

Interestingly, not only phasic pupil size change can reveal aspects of 
cognitive functioning under constant luminance, but also the modula-
tion of the pupil light reflex, the mechanism serving light adaptation. 
This modulation has been found to be produced by cognitive, and more 
specifically, attentional processes (for an overview, see Ebitz & Moore, 
2019). For instance, Fabius, Mathôt, Schut, Nijboer, and der Stigchel 
(2017) presented grated circles as visual targets on a display whose 
location or orientation had to be remembered after a delay. The targets 
were placed away from the center of the screen on either a black or a 
white background during encoding. Participants were instructed to 
fixate the center of the screen during encoding and during retention later 
on in the trial. Pupil size measurements were made during the encoding 
and retention phases. The authors observed that when participants had 
to remember the location of the target, their pupil size was modulated by 
background luminance, which was interpreted as evidence for a strong 
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link between attention and memory maintenance. In another study, 
Henderson, Bradley, and Lang (2014) presented images of equal lumi-
nance but different content (erotic, violent or neutral) after a darker 
gray screen while measuring the change in pupil size. Results revealed 
that while the pupil light reflex was observable in each condition (i.e. 
the pupil constricted upon image presentation irrespective of image 
content), pupil sizes recovered at different rates: recovery was fastest in 
the case of images with erotic content, and slowest for neutral images. 
The authors concluded that different trends in pupil light reflex can also 
reflect the modulation of the neural systems responsible for attention 
allocation: the faster the recovery of pupil size, the greater the cognitive 
load or intensity of attention allocation. 

In sum, pupil size change has been shown to be a valid measure of 
attention allocation during WM processes. Since it is sensitive to dif-
ferences in attentional load, it is an online measure suitable for inves-
tigating the hypothesized effects of linguistic focus marking on attention 
allocation: we hypothesize that upon hearing or reading a linguistically 
focused element in a WM task, the comprehender allocates more 
attention to that element than she would if it was not marked for lin-
guistic focus. Therefore, we predict that if linguistic focus indeed directs 
attention to the linguistically focused element, this should be reflected in 
greater pupil dilation during encoding. 

Task dependence of attention allocation during retention 

Psycholinguistic research has long noted that mental processes 
associated with the structural analysis and interpretation of sentences 
are highly task- and context-dependent (see Knoeferle, 2019 for a gen-
eral overview, and Gerőcs, Babarczy, & Surányi, 2014; Káldi & 
Babarczy, 2018; Káldi, Babarczy, & Bende-Farkas, 2016 for findings in 
connection with Hungarian focus constructions). Therefore, it is highly 
likely that the process of refreshing associated with linguistic items is 
also dependent on the demands of the current task. Results in the 
literature on refreshing from the non-linguistic domain suggest that this 
might indeed be the case, since a wide array of studies observed that the 
process of attention allocation can be dynamically shifted between 
memory items as dictated by task demands (Lewis-Peacock, Drysdale, 
Oberauer, & Postle, 2012; LaRocque, Lewis-Peacock, Drysdale, Obera-
uer, & Postle, 2013; Rose et al., 2016; Vandierendonck, 2016; Lemaire, 
Pageot, Plancher, & Portrat, 2018; Loaiza & Souza, 2018). Loaiza and 
Souza (2018), for instance, used a retro-cure paradigm to show that 
attention can switch flexibly among WM items. Participants were shown 
five dots of different to-be-remembered colors on a screen at a particular 
location, one of which was later tested on a color ring. Between the 
presentation of the colors and the test phase, a brief interval was inserted 
during which participants were cued with one cue (single cue condition) 
or two cues (double cue condition) regarding the color that would be 
tested. Trials with no cue were also presented as a control condition. In 
the single cue condition, the cue was always valid with respect to the 
location of the tested color, whereas in the double cue condition only the 
second cue was valid. Hence, in the double cue condition the first cue 
lost its relevance. Since trials in the different conditions were presented 
in a random order, upon seeing the first cue, participants could not 
anticipate whether the color corresponding to this particular cue would 
be tested or not. Thus, the experimental task required participants to 
shift their attention depending on the cue presentation during 
refreshing. The results indicated that the probability of recalling infor-
mation was increased in both single and double cue conditions relative 
to the control condition demonstrating that the retro-cue benefit was 
present even when the first cue was irrelevant. The findings of Loaiza 
and Souza (2018), indicate that attention between representations in 
WM can be shifted dynamically depending on the relevance of these 
representations in order to maximize WM performance. 

The findings by Loaiza and Souza (2018) also show that the repre-
sentations in WM may have different states: until the second cue was 
presented, the color corresponding to that cue had to be maintained in 

memory in some way even if it was not attended, otherwise the retro cue 
benefit would not have been observed in the double cue condition. Such 
observations in the retro cue literature led researchers to differentiate 
between attended memory items and unattended memory items. Apart 
from behavioral results, such as those obtained in retro cue experiments, 
the neural correlate of the distinction at hand has also been found (for 
fMRI results see Lewis-Peacock et al., 2012, for EEG results see LaRocque 
et al., 2013). Furthermore, Rose et al. (2016) using transcranial mag-
netic stimulation demonstrated that memory items can be reactivated in 
WM via cognitive control if they become relevant in a task. Briefly, 
attention allocation during the maintenance of memory items is a flex-
ible and dynamic process in which the relevance of the individual items 
governs how much attention each item receives. 

In sum, sentence processing has been shown to be task dependent by 
psycholinguistic research, just as the processes of attention allocation in 
the non-linguistic domain of psychology. Therefore, another question 
we address in the present work is whether the process of attention 
allocation as modulated by linguistic focus is also task dependent. 

Hypotheses and overview of the experiments 

As discussed in the sections above, the current study examines two 
attention-based WM processes with respect to linguistic focus: the pro-
cess of encoding the linguistically focused element and the process of 
retaining it in WM by refreshing its representation. The model we are 
advocating is one where linguistic focus marking is not a property of 
grammar encoding a specific semantic meaning but a means of guiding 
the listener’s attention to what the speaker considers the most relevant 
part of the message conveyed (Sanford et al., 2006; Stevens & Roberts, 
2019). Thus, we endeavor to show that (1) the presence of linguistic 
focus automatically attracts the attention of the comprehender as it is 
processed and thus increases encoding strength as measured by pupil 
dilation; (2) all else being equal, attention is maintained on the item 
marked for focus during retention, i.e., the representation of the item is 
refreshed at an increased rate as measured by the frequency of fixations 
on a blank screen at the previous location of the visual target depicting 
the item in focus; (3) if, however, some other circumstance known to the 
comprehender suggests that the item marked for focus is not the most 
important piece of information in the sentence, attention will be redir-
ected; and (4) the comprehender’s attention may be guided not only by 
linguistic focus marking per se but also by non-conventional prominence 
marking. 

Claims (1) and (2) are addressed in Experiment 1, where attention 
allocation triggered by sentences with linguistic focus marking is 
compared to attention allocation triggered by focusless sentences. Claim 
(3) is investigated in Experiment 3, which uses the same materials as 
Experiment 1 but introduces an experimental task that may override the 
attention capturing effects of focus marking. Finally, evidence for Claim 
(4) is provided in Experiments 2 and 4, which are identical, respectively 
to Experiments 1 and 3, except that linguistic focus marking is replaced 
by a non-conventional method of prominence marking. 

The four experiments follow the same general structure, which is 
summarized in Fig. 1. 

During the first, verbal encoding phase of the trial participants 
listened to the linguistic stimuli. In Experiment 1 and 3, linguistic 
stimuli consisted of sentences with linguistic focus (4a) and sentences 
that contained no focus (4b).  

(4) a. A kutya a KECSKéT keltette fel.   
the dog.nom the GOAT.acc woke up   
The dog woke up the GOAT.  

b. A kutya a kecskét fel-keltette.   
the dog.nom the goat.acc up-woke   
The dog woke up the goat.  

In Experiments 2 and 4, individual words were presented auditorily 
and/or in written form. This was followed by the presentation of visual 
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stimuli on the screen (visual encoding phase). The visual stimuli 
depicted a set of five objects, two of which had been mentioned by the 
preceding linguistic stimuli. The visual encoding phase was followed by 
the retention phase, during which participants saw a blank screen. 
Finally, during the retrieval phase, the experimental task was per-
formed, which involved retrieving information concerning the images 
mentioned by the linguistic stimuli. 

Experiment 1 

Method 

Participants 
All participants in the experiments reported in the current study 

participated for course credit and signed a consent form approved by the 
Hungarian United Ethical Review Committee for Research in Psychology 
(EPKEB). Sample size for all four experiments was determined based on 
previous work on linguistic (focus) processing using eye-tracking (Degen 
& Tanenhaus, 2011; Grodner, Klein, Carbary, & Tanenhaus, 2010; Kim, 
Gunlogson, Tanenhaus, & Runner, 2015). Twenty-five university stu-
dents with normal hearing and vision or vision corrected-to-normal 
participated in Experiment 1. All participants were female (Mage =

21.1 years, SD = 1.2). 

Materials and design 
All four experiments were carried out with an EyeLink 1000 eye- 

tracker by SR Research at a 1000 Hz sampling rate. Also, the experi-
ments were recorded in a room with no windows, therefore luminance 
level could be held constant within and between all experimental ses-
sions. The distance between the participants’ eyes and the surface of the 
screen (diagonal: 56 cm, ratio: 16:10, resolution: 1680 × 1050) was held 
at a constant distance of 65 cm. The experiments were programmed in 
SR Research’s Experiment Builder software. 

The linguistic material of the first experiment consisted of 16 pre- 
recorded test sentences and 42 filler sentences. The number of critical 
trials was also established based on previous research using eye-tracking 
(Degen & Tanenhaus, 2011; Grodner et al., 2010; Kim et al., 2015). Each 
test sentence was presented in one of two conditions: focus condition 
(4a), and control condition (4b). Test sentences were semantically 
reversible Hungarian sentences with a sentence-initial subject noun 
phrase (NP) followed by an object NP and finally by a verb phrase 
consisting of a perfectivising morpheme called a verbal modifier (e.g. fel 
– ‘up’ in example (4)) and a telic verb in the past tense. Each NP was 
three syllables long (a one-syllable definite article and a two-syllable 

noun). In the control condition both NPs had the information struc-
tural status of topic, which is defined as an element carrying non- 
prominent, known or predictable information in the sentence. In the 
focus condition, the subject NP had the status of topic, while the object 
NP was marked for focus: it was produced with a so-called eradicating 
stress, i.e. with the most prominent stress in the sentence (Kornai & 
Kálmán, 1988) and it appeared immediately before the verb while the 
verbal modifier occupied a post-verbal position. 

Although semantically reversible sentences were used to control for 
any potential confounds resulting from any thematic role biases for the 
referents of the NPs, we also used counterbalancing to avoid any other 
potential bias or repetition effects. Firstly, two lists were created for NP 
function: if one NP was the subject in a particular sentence in the first 
list, the same NP was the object of that sentence in the second list. 
Secondly, two additional lists were created for condition: if a sentence 
occurred in the control condition in one list, it occurred in the focus 
condition in the other list. Across all four lists, every sentence occurred 
with both function assignments and in both conditions. Participants 
were assigned to the lists randomly. 

Filler trials were also included with the aim of concealing the pur-
pose of the experiment. Three filler types were used: sentences con-
taining one (18 items), two (6 items) or three NPs (18 items). The 
structures of sentences in the filler trials were different from those of the 
test sentences. The 16 test and 42 filler trials were presented in a ran-
domized order. 

The visual stimuli for each trial consisted of five black silhouette 
images: in test trials, two of the images (target images) depicted the 
referents of the two NPs in the sentence (e.g., the silhouettes of a dog and 
a goat) and there were three distractor images of different entities. The 
silhouette images were enclosed in 200 × 200 px grey frames. In filler 
trials, the numbers of target and distractor images varied as required by 
the linguistic stimuli. 

Procedure 
Each trial started with a verbal encoding phase followed by a fixation 

dot, a visual encoding phase, a retention phase and a retrieval phase. 
The trial ended with a control question. The structure of Experiment 1 is 
shown in Fig. 2. 

The trial started with the verbal encoding phase, during which par-
ticipants saw a white blank screen while listening to a sentence. The 
verbal encoding phase ended with the offset of the sentence. The mean 
length of sentences in experimental trials was 2400 ms. Pupil size was 
measured from the beginning to the end of this phase (i.e. the duration of 
the sentence). When the sentence ended, a fixation dot appeared at the 

Fig. 1. The general structure of a trial in the four experiments.  
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center of the screen. The trial continued only if the participant looked at 
this dot. The fixation dot was followed by the visual encoding phase: the 
five black silhouette images in grey frames appeared scattered on a 
white screen in a cloud-like arrangement and stayed there for 2000 ms. 
Although the shapes of the clouds appeared to be random, the locations 
of the target images (e.g., the image of the dog and the goat) were 
balanced: they were at an equal distance from the center of the screen 
(320 px), and they appeared in the two halves of the screen horizontally, 
vertically or diagonally in an equal proportion of trials. The illusion of 
randomness was created by the arrangement of the distractor images. 

After the presentation of the images, a blank screen was shown for 
1400 ms. This was the retention phase of the trial, during which fixa-
tions were recorded. The 1400 ms duration was calculated based on Yi, 
Turk-Browne, Chun, and Johnson (2008) and Souza et al. (2018). In 
both of these studies, refreshing time allowed for one item was 500 ms. 
Hence, if both of the images corresponding to the two NPs are to be 
refreshed, a duration of 1000 ms is required. Added to this was 200 ms 
per target image, which is the approximate time required to carry out a 
saccade to a given visual stimulus (Duchowski, 2007; Fischer & Ram-
sperger, 1984). 

The blank screen period was followed by the retrieval phase. In the 
retrieval phase, a probe image was shown at the location of one of the 
target images (e.g. the location of the dog or the goat in the visual 
encoding phase). The participant’s task was to decide if the probe was 
identical to the image that had appeared at that location earlier during 
the trial or not. Two scenarios were compatible with a ‘yes’ response and 
two scenarios with a ‘no’ response as summarized in Table 1. 

Participants gave their responses using a RESPONSEPixx Handheld 

response box. They were asked to perform the task as quickly and 
accurately as possible. 

After participants responded to the probe, a yes–no question was 
presented testing their comprehension of the sentence (e.g. Did the dog 
wake up the goat?). This was needed because the probe detection task 
could have been performed accurately purely through the identification 
of the referents of the NPs in the test sentence. The trial-final test 
question thus encouraged participants to fully process the sentences and 
identify syntactic and thematic relations. After participants responded to 
the question, the next trial started after an inter-trial interval of 1500 ms. 
During the inter-trial interval the background color of the screen was set 
to light grey in order to emphasize the end of the trial and reduce the 
strain on participants’ eyes. At all other times the background color of 
the trials was white. 

At the beginning of the experiment, the eye-tracker was calibrated 
with a standard 9-point calibration procedure and participants per-
formed a six-trial practice block. After the practice block, participants 
were given an opportunity to ask clarification questions regarding the 
experimental task and were able to adjust the volume of the speakers. 
This was followed by the experimental block. During this block, drift 
checks occurred after every ten trials to make sure that measurement 
was accurate and precise. The total duration of one experimental session 
was approximately 20 min. 

Predictions 

Pupil data 
In Section 1.1, it was argued that the function of linguistic focus is to 

guide the listener’s attention to the representation of the focused ma-
terial thus increasing strength of encoding, and in Section 1.3, it was 
demonstrated that pupil size is a valid and strictly time locked reporter 
variable of attention allocation positively correlating with attentional 
load. Thus, we predicted greater pupil dilation during the verbal 
encoding phase in the focus condition than in the control condition 
reflecting greater attention allocation to the element marked for focus. 

Looks-at-nothing data 
Refreshing is an attention based process that involves the reac-

tivation of memory traces (Souza et al., 2018; Vergauwe & Langerock, 

Fig. 2. Trial sequence of Experiment 1.  

Table 1 
Scenarios for response types.   

Scenario Correct 
response 

Probe was the image of the 
subject NP 

in its previous location. yes 
in the previous location of the 
object NP. 

no 

Probe was the image of the 
object NP 

in its previous location yes 
in the previous location of the 
subject NP 

no  
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2017). The rate of looks-at-nothing in a blank-screen paradigm experi-
ment may be considered a correlate of refreshing. Therefore, the 
refreshing rate of an item is here operationalized as the frequency of 
fixations at each given time point during the retention phase (blank 
screen phase) on the area of the screen where the image representing 
that item was located during the visual encoding phase. This was the 
dependent measure of our primary interest. If we are correct in arguing 
that linguistic focus directs the attention of the listener to the focused 
element, the refreshing rate of the representation of the image corre-
sponding to the object NP is expected to be higher in the focus condition 
than in the control condition. In terms of the dependent variable, this 
difference translates as a greater frequency of looks at the location of the 
image corresponding to the focused object NP than at the location of the 
image depicting the non-focused object NP. 

Results 

Accuracy 
Accuracy measures on the probe task and the trial-final question 

served as control measures to confirm that participants took the exper-
imental tasks seriously. The accuracy rates of responses to the probes 
were 94.5% (SD = 9.6) in the focus condition and 90.0% (SD = 14.9) in 
the control condition. Accuracy on the trial-final questions was 90.0% 
(SD = 15.7) in the focus condition and 90.5% (SD = 9.0) in the control 
condition. 

Pupil data 
All analyses were carried out in R version 3.5.3 (R Core Team, 2019) 

using the 1.1–21 version of the lme4 package (Bates, Maechler, Bolker, 
& Walker, 2015) and the lmerTest package, version 3.1–0. Eye- 
movement measurements were made at a 1000 Hz sampling rate in all 
experiments. For analysis, data were downsampled to 100 ms bins and 
exported using Data Viewer (version 3.2.1) by SR Research. Since Eye-
Link reports pupil measures in arbitrary units, we converted the data 
into millimeters using an artificial pupil. Before recording Experiments 1 
and 3, we created an artificial pupil with a 5 mm diameter and recorded 
it from the distance where the pupil of our participants would be. This 
measurement served as a reference in converting the actual pupil mea-
surements. The formula used for the conversion was: pupil size in mm =
(sqrt(measured EyeLink Pupil Unit)/sqrt(artificial pupil size in EyeLink 
Unit)) * 5. For blink correction in pupil data, in both Experiments 1 and 
3, Data Viewer’s built-in algorithm was used with parameters set to 
exclude data 20 ms before and 60 ms after blink saccade events. Baseline 
corrected pupil sizes were calculated using the subtractive baseline 
correction method as described by Mathôt, Fabius, Van Heusden, and 

Van der Stigchel (2018). For each trial, the median pupil size during the 
first 400 ms of the trial was the baseline value for that trial. This baseline 
value was subtracted from the pupil sizes within the trial in all bins. The 
baseline period of 400 ms was chosen because it ended well before there 
was any indication of sentence condition. To ascertain that the baseline 
was indeed independent of experimental condition, we compared the 
baseline values (i.e. the medians of pupil sizes in the 400 ms baseline 
periods) in the two conditions using linear mixed effects models with 
sentence condition as our fixed factor and a random intercept for par-
ticipants. A likelihood ratio test did not show a significant effect of 
sentence condition (χ2(1) = .37, p = .543), and we concluded that 
baseline values did not differ in the two conditions. 

Fig. 3 shows the baseline corrected mean pupil size changes during 
the verbal encoding phase. After the onset of this phase (i.e. the start of 
the trial), a sharp decline is detectable in pupil sizes triggered by the 
pupillary light reflex, which is attributable to the fact that the back-
ground color used during the verbal encoding phase (just as in the 
remaining parts of the trial) was lighter than the background color used 
during the inter-trial interval. Pupil sizes started to recover around the 
onset of the object NP. 

Mixed-effects growth curve analysis (Mirman, 2014) was used to 
analyze the change in pupil diameter as a function of Time (first- and 
second-order orthogonal polynomial) and Condition during the period 
from the onset until the end of the sentence. Models were built starting 
with an intercept-only model and gradually adding fixed effects and 
their interactions. The models were compared using the likelihood ratio 
test. Since models with random slopes and intercepts for Participant and 
Trial failed to converge, in line with Mirman (2014), the random effect 
structure of the models had to be reduced to a level of complexity where 
models converged successfully to the observed data. The resulting 
structure was random intercept for trial. 

The second-order Time term was added first, and it significantly 
improved model fit (χ2(1) = 181.696, p < .001). As a next step, we added 
Condition, which is the most crucial factor for our hypothesis, since we 
predicted that pupil sizes would be larger in the focus condition than in 
the control condition. Model comparison revealed that the inclusion of 
Condition also improved model fit (χ2(1) = 41.756, p < .001) indicating 
overall greater pupil dilation during the processing of sentences in the 
focus condition relative to sentences in the control condition. Interaction 
terms were added next to test whether the effect of Condition changes 
with time. While the addition of the first-order Time × Condition 
interaction term did not yield a significant improvement in fit, the in-
clusion of the second-order Time × Condition interaction did (χ2(2) =
41.170, p < .001). This pattern indicates that while the effect of Con-
dition on pupil size did not differ between the beginning and the end of 

Fig. 3. Baseline corrected pupil dilation changes during the sentence (i.e. verbal encoding phase). Ribbons represent the standard error of the mean.  
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the sentence, there was a significant change in the effect during the 
processing of the stimulus. In other words, Condition made no difference 
to pupil size at the onset or at the very end of the sentence, but it did 
during the middle of the stimulus. Although, in line with our predictions, 
we were primarily interested in the overall effects of Condition on pupil 
size, we further investigated the lack of interaction between Condition 
and the first-order Time term to reveal whether low statistical power 
could be responsible. We calculated the Bayes factor for the comparison 
of the models without and with the interaction in question and obtained 
a value of BF < 0.01 indicating a very high probability that adding the 
interaction makes no difference to model fit, and this is not due to 
insufficient sample size. The best fitting model and its parameter esti-
mates are displayed in Table 2. 

An additional analysis was carried out to correct for the pupillary 
light reflex.1 Pupil data was downsampled to 20 ms bins and was aligned 
to the onset of the object (i.e. second) NP in each trial. The baseline 
corrected pupil size change was calculated with a 140 ms baseline 
period (following Wang, McInnis, Brien, Pari, & Munoz, 2016) starting 
from the onset of the object NP. We built models as described above, and 
compared them using the likelihood ratio test which revealed a signif-
icant improvement in model fit when Condition was added (χ2(1) =
55.050, p < .001). These results indicate a greater pupil dilation after the 
object NP for focus containing sentences than for control sentences also 
suggesting a stronger encoding in the case of linguistic focus. 

Additionally, we also carried out an analysis on pupil sizes obtained 
during the presentation of the blank screen in order to reveal if the effect 
on pupil sizes observed during the verbal encoding phase carried over to 
the retention phase. The rationale for this analysis is that a number of 
prior studies have found increased pupil dilations during the retention 
interval of WM tasks. For example, Kursawe and Zimmer (2015) found 
that pupil dilation is reflective of the number of memory items held in 
WM. Furthermore, Unsworth and Robison (2018) demonstrated that 
pupil dilation indicates the size of the memory set provided that this set 
is actively maintained via attentional effort. In other words, pupil dila-
tion is also a reporter variable for the strength of refreshing in WM. To 
investigate this possibility, baseline corrected pupil size values were 
calculated using a 400 ms baseline at the end of the visual encoding 
phase. Analysis of the data revealed no reliable difference between the 
pupil dilations in the two conditions. 

Looks-at-nothing data 
280 × 280 px Areas of Interest (AoIs) were defined for each target 

and distractor image. Before data analysis, bins of 100 ms were created 
and the numbers of fixations within bins and AoIs were exported. Fig. 4 
displays the mean frequencies of looks at the location of the image 
corresponding to the object NP (critical AoI). For expository purposes 
eye-gaze data are shown for the entire visual encoding phase, retention 
phase and retrieval phase. Data analysis was, however, restricted to the 

retention phase in line with the predictions outlined in Section 2.2.2. 
The number of looks at the critical AoI during the retention phase 

was analyzed using generalized mixed-effects models (Mirman, 2014). 
The models used the Poisson distribution and predicted the number of 
looks to the critical AoI with Participant and Item as random factors. 
Models were built gradually starting with the simplest intercept-only 
model and fixed effects were added one at a time. Model comparisons 
were made using the likelihood ratio test and complexity was increased 
until the addition of a new term no longer improved model fit. The base 
model was an intercept-only model containing the first-order Time term 
as a fixed effect. Adding the second-order Time term significantly 
improved model fit (χ2(1) = 12.345, p < .001), as did the inclusion of 
Condition (χ2(1) = 784.117, p < .001) indicating that participants 
looked significantly more at the location of the image corresponding to 
the object NP in the focus condition than in the control condition. Also, 
the inclusion of the first-order Time term and Condition interaction 
(χ2(1) = 146.317, p < .001) significantly improved fit indicating that 
gaze patterns changed during the critical period of retention. The final, 
best fitting model and its parameter estimates are shown in Table 3. 

Discussion 

Experiment 1 investigated the effects of linguistic focus marking on 
the encoding and refreshing of linguistic materials in WM. We started 
with the hypothesis that in psychological terms, the function of lin-
guistic focus marking is to guide the listener’s attention in an effort to 
enhance the efficiency of communication, and predicted that during 
both encoding and retention, more attention would be allocated to a 
linguistic item if it was marked for focus. Attentional load during 
encoding was measured by pupil dilation, while attention allocation 
during retention was approximated by the frequency of fixations on a 
blank-screen, which was taken to be a correlate of the refreshing rate of 
memory representations. As predicted, pupil size was greater for focus 
sentences than for control sentences during encoding, and fixations on 
the area of the screen where the image representing the critical noun had 
been located during the visual encoding phase of the trial were more 
frequent in the focus condition than in the control condition. Based on 
the results, we conclude that the memory traces of focused elements 
receive a higher rate of refreshing, i.e., a greater amount of attention 
during their retention in WM. 

We have also observed an unpredicted effect in the data: the differ-
ence between the two sentence conditions in the frequency of fixations 
on the previous location of the object NP decreased towards the end of 
the retention phase as indicated by the significant Time by Condition 
interaction. We can only speculate as to the explanation for this result. It 
seems a reasonable guess that the effect was a result of participants’ 
implicit expectations regarding the length of the retention phase: as they 
anticipated the end of the phase, they shared their attention more evenly 
between the areas of the screen regardless of sentence condition. This is 
also suggested by the directions of the trends: the previously high fre-
quency of looks at the previous location of the object NP decreased in the 
focus condition and the corresponding previously low frequency 
increased in the neutral condition towards the end of the phase. We 
interpret this pattern as an indication that participants did not try to 
develop any strategy as regards the location of the item that would be 
probed in the task phase. 

In sum, we conclude that our results suggest that linguistic focus 
marking does indeed guide the listener’s attention. The next question we 
ask is whether this function of linguistic focus marking is a core property 
of the grammar or the association between prominence and attention 
allocation may be a more general mechanism in human communication 
and cognition as suggested by Sanford et al. (2006) and Stevens and 
Roberts (2019). If the latter view is correct, any prominent verbal 
stimuli should trigger a refreshing pattern similar to that observed in 
Experiment 1. 

In order to test this prediction, we conducted a follow-up experiment 

Table 2 
The best fitting model and its parameter estimates predicting pupil size change 
over the course of the verbal encoding phase.  

pupil_size ~ (Time + Time^2) * Condition + (1 | Trial)  

Estimate Std. Error t p 

Intercept − 0.328  0.035 − 9.306 <0.001 
Time − 0.092  0.069 1.341 <0.001 
Time^2 0.549  0.069 7.901 <0.001 
Condition (Control) − 0.132  0.020 − 6.583 <0.001 
Time:Condition (Control) − 0.205  0.097 − 2.123 =0.038 
Time^2:Condition (Control) 0.225  0.097 2.314 =0.020  

1 We would like to thank an anonymous reviewer for suggesting this analysis 
to us. 
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in which we manipulated the prominence of the linguistic stimuli 
through the method of presentation rather than through a syntactic or 
phonological device. 

Experiment 2 

In order to manipulate the prominence of our linguistic stimuli, we 
exploited the so-called multimodality effect (Delogu, Raffone, & Belar-
dinelli, 2009; Goolkasian & Foos, 2005; Heikkilä, Alho, Hyvönen, & 
Tiippana, 2015). In experiments investigating this effect, to-be- 
remembered items are presented in two modalities simultaneously in 
critical conditions (e.g. apple in written form, i.e., visual modality and in 
spoken form, i.e., auditory modality), whereas in control conditions, the 
same item is presented in only one modality (e.g. apple only in written 
form) or together with an irrelevant stimulus in another modality. The 
effect of multi-modal presentation is enhanced WM performance. To 
find evidence for the claim that linguistic focus marking is just one way 
of capturing the listener’s attention that happened to be grammati-
calised in a language and the same effect could be achieved by other 
means, we repeated Experiment 1 with one modification: in Experiment 
2, the linguistic stimuli in the encoding phase were isolated words 
presented either uni-modally or multimodally. If a higher degree of 
prominence leads to a higher refreshing rate regardless of the method of 
prominence marking, multi-modally presented items should receive 
more refreshing than uni-modally presented items. This is the hypoth-
esis that we tested in Experiment 2. 

Method 

Participants 
Twenty-four university students with normal hearing and vision or 

vision corrected-to-normal participated in the experiment. All partici-
pants were female (Mage = 20.5 years, SD = 2.1). 

Materials and procedure 
The structure, materials and procedure of Experiment 2 were the 

same as in Experiment 1 except for the initial, verbal encoding phase of 
the trials. The linguistic stimuli in the verbal encoding phase in Exper-
iment 2 were pairs of Hungarian nouns presented auditorily with a 300 
ms pause between the words in two conditions (see Fig. 5). In one 
condition, the auditory presentation of the first noun was accompanied 
by the simultaneous presentation of its written form on the screen 
(multimodal presentation of the first noun), while in the other condition, 
the auditory presentation of the second noun was accompanied by the 
simultaneous presentation of its written form on the screen (multimodal 
presentation of the second noun). (Note that the two conditions were 
needed so that we could identify the effects of multimodal presentation 
by comparing two conditions as in Experiment 1 while controlling for 
possible order-effects. Strong order-effects had been found in a pilot 
study: with all other factors held constant, participants had given pref-
erence to the location of the image corresponding to the first noun.) 

The timing of the presentation of the written word matched exactly 
the auditory presentation of the corresponding spoken word, i.e. the 
written word appeared at the onset of the spoken word and disappeared 
at the offset of the spoken word. At all other times, the screen was blank 
during this phase. 

As in Experiment 1, the verbal encoding phase was followed by a 
fixation dot and the 2000 ms visual encoding phase, during which five 
images were displayed on the screen: two of the images (the target 
images) depicted the two nouns heard during the verbal encoding phase 
and the remaining three were irrelevant distractors. At the next phase, a 
blank screen was displayed for 1400 ms and then a visual probe 
appeared at the location of one of the target images. In half of the critical 
trials the probe corresponded to the unimodally presented item, while in 
the other half it corresponded to the multimodally presented item. 
Participants’ task was to decide whether the probe was identical to the 
image that had appeared at the same location earlier during the trial or 
not. Participants were informed that the probes would appear at the 

Fig. 4. Looks at the location of the image corresponding to the object NP during the visual encoding, the retention and the retrieval phases. Ribbons represent the 
standard error of the mean. 

Table 3 
Specification of the best fitting model and its parameter estimates predicting 
number of looks at the location of the image corresponding to the second NP.  

NP2_fixation_count ~ (Time + Time^2) + Condition + Time:Condition +

(Time + Time^2 | Participant) + (Time + Time^2 | Trial)  

Estimate Std. Error z p 

Intercept 2.987 0.108 27.557 <.001 
Time − 1.077 0.348 − 3.096 .002 
Time ^ 2 0.541 0.139 3.890 <.001 
Condition (Control) − 0.140 0.006 − 24.629 <.001 
Time:Condition (Control) 0.247 0.020 12.093 <.001  
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location of one of the target images, and were asked to respond as 
quickly and as accurately as possible. After the participant responded to 
the probe, a written word appeared in the center of the screen testing 
memory for the word presented at the verbal encoding phase. Partici-
pants were instructed to decide whether this probe was identical to the 
word they had seen written on the screen during the verbal encoding 
phase. This control task was included to encourage participants to read 
the written word rather than just listen to the spoken word. Although the 
written word always matched the spoken word in critical trials, this was 
not always the case in filler trials. When no word was presented in the 
written modality at the verbal encoding phase, participants evaluated 
the truth of a simple arithmetic expression at the end of the trial (e.g., 2 
× 2 = 5). After participants responded to the probe, the next trial started 
with an inter-trial interval of 1500 ms. 

In order to conceal the purpose of the experiment and to manipulate 
the correct response to the control task, 46 filler trials were included. 
Filler trials varied in a) the number of spoken words (one, two or three), 
b) whether the spoken word was accompanied by a written word or not, 
c) for trials including a written word, whether the written word matched 
the spoken word or not and d) whether the first, second or third word 
was accompanied by a written word in trials presenting more than one 
word. In ten of the filler trials there were two spoken words. In five of 
these trials one of the words was accompanied by an incongruent 
written word, while in the other five trials neither spoken word was 
accompanied by a written word. In 18 of the fillers only one word was 
presented. In five of these trials the spoken word was accompanied by an 
incongruent written word, in another five it was accompanied by a 
congruent written word and in the remaining eight trials there was no 
written word. There were a further 18 fillers with three words. Just as 
with the single-word fillers, in five of these trials one of the spoken 
words was accompanied by an incongruent written word, in another five 
it was accompanied by a congruent written word and in the remaining 
eight trials there was no written word. The words were all nouns 
referring to everyday objects. Test and filler trials were presented 
intermingled and in a randomized order. 

The procedure of Experiment 2 was identical to that of Experiment 1. 
One experimental session took approximately 15 min to complete. 

Predictions 

The measured variable in Experiment 2 was the number of looks to 
the location of target images during the 1400 ms blank screen phase. 
Based on our hypothesis, namely that prominence encourages a higher 
rate of refreshing in WM, we predicted that the location of the image 
depicting the noun heard during the encoding phase will receive a 
higher number of fixations if the noun was presented multi-modally than 
if it was presented uni-modally. 

Results 

Accuracy 
The accuracy rates of responses to the probes were 92.7% (SD =

13.8) in the multimodal first, and 87.5% (SD = 16.5) in the multimodal 
second condition. Response accuracy on the trial-final words was 94.3% 
(SD = 10.6). 

Looks-at-nothing data 
In order to test our predictions, we made two comparisons. We 

compared the effects of unimodal versus multimodal presentation on the 
frequency of looks at the location of the image corresponding to the first 
noun (Fig. 6) and to the second noun (Fig. 7). These comparisons 
enabled us to investigate the potential effect of relative prominence 
within the same position (i.e. first noun or second noun). Again, for 
expository purposes, Figs. 6 and 7 display eye-gaze data for the visual 
encoding, retention and retrieval phases of the trials but statistical 
analysis was performed on the number of fixations within the retention 
phase only. 

Eye gaze data was analyzed for the two noun positions separately. 
Statistical analysis followed the procedure described in Section 2.3.3: 
mixed-effects regression models with Participant and Item as random 
factors predicted the number of fixations during the retention phase on 
the location of the images depicting the first and second Nouns. The 
models used a Poisson distribution. The maximal random effect struc-
ture that successfully converged included a random intercept for 
Participant and Trial with a random slope of the first-order orthogonal 
polynomial Time term. Improvements in model fit were evaluated using 
the likelihood ratio test. 

First, we report the models comparing the effects of unimodal versus 
multimodal presentation on the frequency of looks at the location of the 
image depicting the first noun. The base model was an intercept-only 
model using the first-order Time term as predictor. Addition of fixed 
effect terms resulted in a significant increase of model fit in each step: 
χ2(1) = 13.987, p < .001 for the inclusion of the second-order Time term, 
χ2(1) = 389.775, p < .001 for Condition, χ2(1) = 165.088, p < .001 for 
the interaction of the first-order Time term and Condition and χ2(1) =
76.14, p < .001 for the interaction of both Time terms and Condition. 
The specification of the best fitting model and its parameter estimates 
are summarized in Table 4. 

The analysis of the effects of unimodal versus multimodal presenta-
tion on the frequency of looks at the location of the image depicting the 
second noun followed the same procedure. However, in this case the 
random effect structure had to be reduced to a random intercept for 
Participant and random intercept for Trial structure due to convergence 
issues. The inclusion of each fixed effect significantly improved model 
fit: χ2(1) = 427.606, p < .001 for the inclusion of the second-order Time 
term, χ2(1) = 470.150, p < .001 for Condition, χ2(1) = 662.125 p < .001 
for the interaction of the first-order Time term and Condition, and χ2(1) 
= 17.836, p < .001 for the full model containing an interaction of both 

Fig. 5. Schematic representation of the verbal encoding phase of a critical trial in Experiment 2.  
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Fig. 6. Looks at the (location of) the image corresponding to the first spoken noun. Ribbons represent the standard error of the mean.  

Fig. 7. Looks at the (location of) the image corresponding to the second spoken noun. Ribbons represent the standard error of the mean.  

Table 4 
The best fitting model and its parameter estimates predicting number of looks at 
the location of the image corresponding to the first noun.  

N1_fixation_count ~ (Time + Time^2) * Condition + (Time | 

Participant) + (Time | Trial)  

Estimate Std. 
Error 

z p 

Intercept  2.368  0.497  4.767 <.001 
Time  − 1.201  1.076  − 1.116 .265 
Time ^ 2  − 0.089  0.028  − 3.229 .001 
Condition (Multimodal second)  − 0.230  0.011  − 20.802 <.001 
Time:Condition (Multimodal 

second)  
− 0.505  0.040  − 12.632 <.001 

Time^2:Condition (Multimodal 
second)  

0.341  0.039  8.769 <.001  

Table 5 
The best fitting model and its parameter estimates predicting number of looks at 
the location of the image corresponding to the second noun.  

N2_fixation_count ~ (Time + Time^2) * Condition + (1 | Participant) +

(1 | Trial)  

Estimate Std. 
Error 

z p 

Intercept 2.173 0.331 6.567 <.001 
Time − 1.879 0.038 − 48.917 <.001 
Time ^ 2 0.558 0.036 15.637 <.001 
Condition (Multimodal second) 0.388 0.014 28.484 <.001 
Time:Condition (Multimodal 

second) 
1.137 0.049 23.096 <.001 

Time^2:Condition (Multimodal 
second) 

− 0.199 0.047 − 4.228 <.001  
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Time terms and Condition. The specification of the best fitting model 
and its parameter estimates are summarized in Table 5. 

Discussion 

In Experiment 2 we manipulated the prominence of linguistic items 
using a non-conventional method (i.e. method of presentation) and 
investigated the effects of this manipulation on the rate with which WM 
items were refreshed using fixation patterns. Our aim was to show that 
the attention capturing effect of linguistic focus marking indicated by 
the results of Experiment 1 could be replicated using a non-linguistic 
method of increasing the prominence of a linguistic item. In line with 
our predictions, the results revealed that the locations of images 
depicting more prominent items received a greater number of fixations 
as participants were trying to retain those images in their WM. We 
interpret this result as evidence for the hypothesis that linguistic focus 
marking is a means employed by human languages of enhancing the 
efficiency of communication by guiding the listener’s attention to a 
message considered by the speaker to be of special importance. 

We drew our conclusions based on the significant effect of Condition 
in the analyses above. The models also showed significant Condition by 
1st and 2nd order Time interactions, however. The interactions seem to 
be the result of a sharp peak in the frequency of looks at the location of 
the image representing the first noun when it was the multimodally 
presented word (see Fig. 6) and an equally steep dip in the frequency of 
looks at the location of the image representing the second noun when it 
was the unimodally presented word (Fig. 7). That is, looks at the location 
of the first noun were more affected by prominence, while looks at the 
location of the second noun were more affected by non-prominence as a 
function of time. This difference could be the result of the fact that 
participants displayed a slight overall preference for the location of the 
image corresponding to the first noun but bears no relevance to our 
hypothesis. 

Psycholinguistic studies have shown that task demands or contexts 
have an effect on processes associated with linguistic stimuli (see e.g. 
Knoeferle, 2019 for a general overview). Also, it has been shown that 
different mental processes pertaining to WM may be employed 
depending on task demands (cf. Lemaire et al., 2018; Vandierendonck, 
2016). More specifically, it has been shown that attention can switch 
between memory items in WM depending on the relative relevance of 
these items (see e.g. Loaiza and Souza (2018). If our interpretation of the 
data is correct, we must entertain the possibility that under different 
circumstances, in which the context of a sentence or the experimental 
task determines different priorities regarding the memoranda, the ef-
fects of linguistic focus marking or prominence will exhibit different 
trends or will not occur at all. Let us now consider the task employed in 
Experiments 1 and 2 from this perspective. In order to respond to the 
probe in the retrieval phase, participants had to recall the location of 
either one of the two target images. If they accessed the location of the 
image corresponding to one of the nouns, they could decide whether the 
probe that appeared on the screen in the retrieval phase was the same 
image in the same location or not. Since at the beginning of the trial, 
during the verbal encoding phase, their attention had already been 
drawn to one of the two nouns in the focus condition, and recalling the 
location of the image depicting that noun was sufficient for the suc-
cessful completion of the task, the most efficient strategy was to main-
tain their attention on that item. There would have been no gain in 
switching. 

The question now arises: how would encoding and refreshing 
behavior change if the task required participants to switch their atten-
tion between the item marked for focus and its competitor? That is the 
question addressed in Experiment 3. 

Experiment 3 

Method 

Participants 
Twenty-five university students with normal hearing and vision or 

vision corrected-to-normal participated in the experiment (Male: 4, Mage 
= 23.1 years, SD = 1.8). 

Materials and procedure 
As discussed above, the purpose of Experiment 3 was to investigate 

attention allocation to linguistic stimuli during the encoding and 
retaining of information in WM when the task required participants to 
share their attention between linguistic items marked for focus and 
linguistic items not marked for focus. To test our hypothesis, we repli-
cated Experiment 1 with a modified task: in Experiment 3, a response 
was required for both the focused and the non-focused NP of the sen-
tence stimulus. 

The general structure of a trial was identical to that of Experiment 1 
as shown in Fig. 8. 

The verbal encoding, visual encoding and retention phases of the 
trials remained unchanged. During the retrieval phase, however, all the 
images that had appeared during the 2000 ms visual encoding phase 
were displayed again in an identical arrangement. Additionally, a mouse 
cursor appeared on the screen, and the task of the participant was to 
select the images that depicted the entities mentioned in the sentence by 
clicking on them. Participants were explicitly informed that the order of 
selection was irrelevant, i.e., they were not required to click on the 
images in the order the corresponding nouns were mentioned in the 
sentences but they should select all entities that had been mentioned. 
They were also asked to respond as quickly and accurately as possible. 
After the selection of the images, participants’ comprehension of the 
sentences was tested with a yes or no control question that appeared on 
the screen as in Experiment 1. After participants responded to the 
question by clicking a “Yes” or “No” button under the question, the next 
trial started with an inter-trial interval of 1500 ms. 

In Experiment 3 there were 12 test trials and 42 filler trials. Three 
filler types were used: fillers containing one (18 items), two (6 items) 
and three NPs (18 items). The structures of sentences in the filler trials 
were different from those of the test sentences. The linguistic and visual 
stimuli were a subset of those used in Experiment 3 but the sentences 
were recorded by a different speaker for technical reasons. As a result of 
the change of speaker, the mean length of sentences in the critical trials 
was 2100 ms in Experiment 3 as opposed to the 2400 ms in Experiment 
1. The 12 test and 42 filler trials were presented intermingled and in a 
randomized order. Just as in the case of Experiment 1, four lists of 
experimental sentences were created and participants were assigned to 
these lists randomly. 

The procedure of Experiment 3 was identical to that of Experiments 1 
and 2. Experimental sessions lasted for approximately 20 min. 

Predictions 

The dependent measures of Experiment 3 were baseline corrected 
pupil size during the verbal encoding phase and number of looks at the 
locations of the target images - i.e., the locations of the images depicting 
the two NPs in the sentence - during the retention phase. 

As far as pupil size is concerned, we expected that the results of 
Experiment 1 would be replicated: greater pupil dilations would be 
observed for the focus condition than for the control condition indi-
cating that linguistic focus captures the attention of the listener. 

Before formulating our predictions regarding looks-at-nothing dur-
ing the retention phase, let us explicate the differences between the tasks 
in Experiments 1 and 3. In Experiment 1, participants had to respond to 
a single probe, therefore there was an inevitable competition between 
the locations of the images corresponding to the two nouns, the retrieval 
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of either of which was sufficient for the successful completion of the 
task. In Experiment 3, in contrast, participants had to select the images 
representing both nouns, i.e., both locations needed to be retained in 
working memory for a fast and accurate response. Therefore, we pre-
dicted that during the retention phase, participants would share their 
attention between the locations of the images corresponding to the two 
nouns whether one of them was marked for focus or not, which should 
be reflected in identical looks-at-nothing behaviors in the two sentence 
conditions during the retention phase. 

Results 

Accuracy 
Accuracy rates for image selection were 100% in both conditions, 

whereas accuracy rates for the trial-final questions was 87.3% (SD =
12.1) in the focus-condition, and 90.7% (SD = 12.8) in the control- 
condition. 

Pupil data 
The preprocessing, baseline correction and analysis of pupil data was 

carried out as outlined in Section 2.3.2. As in the case of Experiment 1, in 
order to confirm that baselines were cognitively neutral with respect to 
the experimental conditions, we compared the baseline values in the two 
conditions using linear mixed effects models. First, a base model was 
built with an Intercept and then Condition was added as a fixed effect. 
Random intercept for Participant was included as a random effect. A 
likelihood ratio test comparing the two models did not show a signifi-
cant improvement in fit (χ2 (1) = .222, p = .637), thus we concluded that 
baseline values did not differ in the two conditions. 

Baseline corrected pupil dilations during the verbal encoding phase 
are displayed in Fig. 9. 

To test our prediction regarding pupil dilation, we used mixed-effects 
growth curve analysis as we did for Experiment 1. Models were built 
gradually starting from an intercept-only model and gradually adding 
fixed effects and their interactions to predict pupil dilations during the 
verbal encoding phase (i.e. from the onset of the sentence until its end). 

Fig. 8. Trial sequence of Experiment 3.  

Fig. 9. Baseline corrected pupil dilation changes during the verbal encoding phase. Ribbons represent the standard error of the mean.  
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The models were compared using the likelihood ratio test and 
complexity was increased until the addition of the second-order Time 
term. Since models with random slopes and intercepts for Participant 
and Trial failed to converge, the random effects structure of the models 
had to be reduced to a level of complexity where models converged 
successfully. The resulting random effect structure was random inter-
cept for Participant and random intercept for Trial. Adding the first- 
order and second-order Time terms to the base model yielded better 
fitting models (χ2(1) = 239.983, p < .001). Most importantly, the in-
clusion of Condition also improved model fit (χ2(1) = 25.798, p < .001), 
indicating that focus had an effect on pupil dilation during the course of 
processing the sentence. The addition of the first-order Time × Condi-
tion interaction term did not yield a significant improvement in fit, 
while the inclusion of the second-order Time × Condition interaction did 
(χ2(2) = 26.763, p < .001). Just as for Experiment 1, we were primarily 
interested in whether the inclusion of Condition would result in a better 
model fit showing greater pupil dilations in the focus condition. How-
ever, in order to confirm that the lack of interaction effect for the first- 
order Time term and Condition was not due to an insufficient sample 
size, we calculated the Bayes factor corresponding to the model without, 
and the model with the interaction. The result (BF < 0.01) revealed that 
there is a very high probability that adding the interaction of the first- 
order Time term and Condition does not improve model fit. The speci-
fication of the best fitting model and its parameter estimates are shown 
in Table 6. 

As in the case of Experiment 1, we conducted a further analysis to 
control for the pupillary light reflex effects in the pupil data. Data of 20 
ms bins were aligned to the onset of the second NP in each trial and the 
baseline corrected pupil size change values were calculated with a 140 
ms baseline period (following Wang et al., 2016) from this time point. 
Models were built as previously. Model comparison was conducted via 
the likelihood ratio test which revealed a significant improvement in 
model fit when Condition was added (χ2(1) = 42.257, p < .001). Thus, as 
in Experiment 1, data shows a greater pupil dilation after the object NP 
in the focus condition than in the control condition, even when the ef-
fects of the pupillary light reflex are controlled for. 

Also, as previously, we examined the possibility that the effect of 
focus on pupil dilations was still observable during the retention phase. 
Analysis of the data revealed no reliable difference between pupil di-
lations in the two conditions. 

Looks-at-nothing data 
Fig. 10 displays the frequency of fixations on (the location of) the 

image corresponding to the object NP in the two sentence conditions. 
Again, for expository purposes eye-gaze data are shown throughout the 
visual encoding phase, the retention phase and the period during which 
participants carried out the selection task, while data analysis was 
restricted to the retention phase. 

The looking at nothing data was analyzed using generalized mixed- 
effects models. The models used the Poisson distribution and pre-
dicted the number of looks at the location of the image depicting the 
object NP with Participant and Item as random effects. The models were 

built gradually starting from the simplest intercept-only base model and 
fixed effects were added one at a time. Model comparisons were made 
using the likelihood ratio test and complexity was increased until the 
addition of a new term no longer improved model fit. The addition of the 
second-order Time term to the base model did not improve model fit 
χ2(1) = .051, p < .001. However, the inclusion of Condition did: χ2(1) =
1085.201, p < .001. The effect of Condition indicates that participants 
looked significantly less at the location of the image corresponding to the 
object NP in the focus-condition than in the control-condition. 
Furthermore, adding the first-order Time term and Condition interac-
tion also improved model fit (χ2(1) = 285.209, p < .001), as did the 
interaction of the second-order Time term and Condition (χ2(1) =
122.667, p < .001). The best fitting model and its parameter estimates 
are shown in Table 7. 

Discussion 

Pupil dilation measures were in line with our predictions: the data 
showed greater dilation during the processing of focused elements as 
opposed to their non-focused counterparts indicating higher attentional 
load for linguistically focused items. Thus, Experiment 3 replicated the 
results of Experiment 1 regarding pupil data. 

Regarding the rate of refreshing, it was predicted that there would be 
no difference between the two sentence conditions in the frequency of 
looks at the location of the image depicting the object NP. However, an 
unexpected reversed trend was observed: the number of looks at the 
location of the image of the object NP was significantly higher in the 
control condition than in the focus condition suggesting that the mem-
ory representations of non-focused items were refreshed at a higher rate. 

Lemaire et al. (2018) results may provide a post hoc explanation for 
the reversed effect on refreshing. Lemaire and his colleagues conducted 
a simulation study to reproduce the results of experimental work on the 
refreshing of serially presented WM items. The authors ran simulation 
models of different refreshing schedules and evaluated the output of 
these models with respect to experimental data obtained from humans. 
They found that their experimental data was best reproduced by a model 
in which the least active element was refreshed first. In the so-called 
Least Activated First model, the least activated item has priority for 
refreshing. Lemaire et al. (2018) also note that there may be different 
refreshing schedules encoded in long term memory, and the schedules 
are selected according to task demands. 

In our case, the reason why our participants used the Least Activated 
First schedule for the selection task in Experiment 3 may have been the 
equal task-relevance but unequal activation levels of the memory items 
in the focus condition. Since both NPs and the locations of their 
respective images had to be remembered, they were equally relevant. At 
the same time, the focus-marked item was likely to be more active as 
reflected by the larger pupil sizes. Thus, it is a reasonable conjecture that 
as participants prepared for the task, they shifted their attention towards 
the less active subject NP in the focus condition to increase its level of 
activation with the result that the initial advantage of focus was not just 
cancelled but reversed. 

One way of testing whether the reversal of refreshing behaviour we 
observed in Experiment 3 is a consistent effect is to repeat Experiment 2 
using the selection task of Experiment 3. In Experiment 2, the promi-
nence of the working memory items was directly manipulated by using 
unimodal and multimodal presentation, and it was shown that - as 
measured by looking at nothing patterns - multimodally encoded items 
are refreshed at a higher rate under the demands of the probe recogni-
tion task. If the reversal of the refreshing pattern is a consistent effect, 
multimodally encoded items (i.e. items of greater prominence) should 
receive less refreshing than unimodally encoded elements when the 
probe recognition task is replaced by the selection task. We tested this 
hypothesis in Experiment 4. 

Table 6 
The best fitting model and its parameter estimates predicting pupil size change 
over the course of the verbal encoding phase.  

pupil_size ~ (Time + Time^2) * Condition + (1 | Participant) + (1 | 

Trial)  

Estimate Std. Error t p 

Intercept − 0.230  0.055 − 3.785 <.001 
Time 0.197  0.059 3.336 <.001 
Time ^ 2 0.621  0.060 10.400 <.001 
Condition (Control) − 0.091  0.018 − 5.163 <.001 
Time:Condition (Control) − 0.204  0.081 − 5.518 .011 
Time^2:Condition (Control) 0.0562  0.082 0.687 .492  
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Experiment 4 

Method 

Participants 
Thirty university students with normal hearing and vision or vision 

corrected-to-normal participated in the experiment (Male: 5, Mage =

22.8 years, SD = 2.1) for course credit. All participants signed a consent 
form approved by the Hungarian United Ethical Review Committee for 
Research in Psychology. 

Materials and procedure 
Experiment 4 investigated the refreshing of unimodally and multi-

modally encoded WM items using the selection task of Experiment 3. 
The verbal encoding, visual encoding and retention phases were iden-
tical to the ones in Experiment 2, and the retrieval phase and the 
experimental task were identical to those in Experiment 3. At the onset 
of each trial, participants heard a pair of nouns and, depending on the 
experimental condition, the first or the second noun was accompanied 
by its written form on the screen. This was followed by the presentation 
of the picture stimuli with two target images depicting the two audito-
rily presented words and three distractor images arranged in a cloud like 
pattern. The visual encoding phase was followed by the retention phase, 
when, as in the previous experiments, a blank screen was displayed for 
1400 ms. The retrieval phase came next, when the images reappeared 
and participants were instructed to click on the images that corre-
sponded to the words heard at the beginning of the trial. At the end of 
each trial, just as in Experiment 2, the word that had been presented in 

the written modality was probed to encourage participants to read the 
visually presented words during the verbal encoding phase. When no 
word was presented in the written modality during the verbal encoding 
phase, participants evaluated the truth of a simple arithmetic expression 
at the end of the trial. The next trial started with an inter-trial interval of 
1500 ms. 

There were 12 critical trials and 54 fillers. In 12 of the fillers two 
nouns were presented in the spoken modality and no word in the written 
modality. In 6 of the fillers two words were spoken and one incongruent 
word written; in half of these trials the written word was presented 
during the first spoken word, while in the other half it was presented 
during the second spoken word. There were 18 fillers in which one 
spoken word was presented; 8 of these were not accompanied by a 
written word, 5 were accompanied by a congruent and 5 by an incon-
gruent written word. There were 18 fillers with 3 spoken words; 8 of 
these were not accompanied by a written word, 5 were accompanied by 
a congruent and 5 by an incongruent written word. In the three-word 
fillers, written words appeared on the screen during the first spoken 
word on 2 occasions, during the second spoken word on 4 occasions and 
during the third spoken word on 3 occasions. Critical and filler trials 
were presented intermingled and in a randomized order. 

The procedure of Experiment 4 was identical to those of earlier ex-
periments. One experimental session lasted approximately 15 min. 

Predictions 

Predictions were made regarding looking-at-nothing behavior dur-
ing the retention interval. In line with the results of Experiment 3, and 
assuming that the Least Activated First refreshing schedule is employed 
during the refreshing of memory representations corresponding to items 
of equal task-relevance and unequal activation level, it was predicted 
that multimodal presentation would have the effect of decreasing the 
number of fixations on the location of the image compared to unimodal 
presentation. 

Results 

Accuracy 
Accuracy rates for the image selection task were 97.5% (SD = 10.1) 

in the multimodal first condition and 98.3% (SD = 6.34) in the multi-
modal second condition. Accuracy for the responses to the trial-final 

Fig. 10. Looks at (the location of) the image corresponding to the object NP during the visual encoding, the retention and the retrieval phases. Ribbons represent the 
standard error of the mean. 

Table 7 
The best fitting model and its parameter estimates predicting number of looks at 
the location of the image corresponding to the second NP.  

NP2_fixation_count ~ (Time + Time^2) * Condition + (Time + Time^2 | 

Participant) + (Time + Time^2 | Trial)  

Estimate Std. Error z p 

Intercept  1.895  0.392  4.836 <.001 
Time  − 2.868  1.479  − 1.939 0.052 
Time ^ 2  0.316  0.608  0.520 0.603 
Condition (Control)  0.284  0.008  36.912 <.001 
Time:Condition (Control)  0.398  0.027  14.988 <.001 
Time^2:Condition (Control)  − 0.302  0.027  − 11.082 <.001  
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words was 96.7% (SD = 9.73). 

Looks-at-nothing data 
The preprocessing and analysis of gaze tracking data was carried out 

as described in Section 2.3.3. Eye-gaze data corresponding to the first 
and second nouns in the two conditions are displayed in Fig. 11 and 
Fig. 12 respectively. The figures show eye-gaze data over all three 
phases following the verbal encoding phase, but statistical analyses were 
limited to the data recorded during the retention phase. 

Statistical models were built for the first noun and the second noun 
separately: mixed-effects regression models with Participant and Item as 
random factors and Condition as fixed factor were built to predict the 
number of fixations on the location of the image depicting the respective 
Noun during the retention phase. The models used a Poisson distribu-
tion. Improvements in model fit were evaluated using the likelihood 
ratio test. 

The models for the first noun converged with a random intercept and 
random slope on the first- and second-order Time terms for Participant 

and Trial. The base model was an intercept-only model with the first- 
order Time term as predictor. Addition of the second-order Time term 
did not lead to a significant increase in model fit: χ2(1) = 1.058, p =

Fig. 11. Looks at the (location of) the image corresponding to the first spoken noun. Ribbons represent the standard error of the mean.  

Fig. 12. Looks at the (location of) the image corresponding to the second spoken noun. Ribbons represent the standard error of the mean.  

Table 8 
The best fitting model and its parameter estimates predicting number of looks at 
the location of the image corresponding to the first Noun.  

looks_to_N1 ~ (Time + Time^2) * Condition + (Time + Time^2 | 

Participant) + (Time + Time^2 | Trial)  

Estimate Std. 
Error 

z p 

Intercept  3.312  0.104  31.904 <.001 
Time  0.631  0.237  2.660 0.008 
Time ^ 2  0.152  0.186  0.820 0.412 
Condition (Multimodal second)  0.216  0.006  37.282 <.001 
Time:Condition (Multimodal second)  − 0.164  0.022  − 7.587 <.001 
Time^2:Condition (Multimodal 

second)  
0.070  0.022  3.243 0.001  
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.303, but the inclusion of Condition did (χ2(1) = 1379.441, p < .001) 
indicating that the location of the image of the unimodally coded item 
received more looks than that of the multimodally coded item. The in-
clusion of the interaction of the first-order Time term and Condition 
(χ2(1) = 53.395, p < .001) and the interaction of the second-order Time 
term and Condition (χ2(1) = 10.511, p = .001) also improved model fit. 
The best fitting full model and its parameter estimates are summarized 
in Table 8. 

In the models for the second noun, the maximal random effect 
structure that successfully converged included a random intercept for 
Participant and Trial. Adding the first-order Time term to the base model 
significantly improved model fit (χ2(1) = 1276.478, p < .001), just as the 
addition of the second-order Time term (χ2(1) = 3272.997, p < .001). 
Crucially, the addition of Condition also improved fit (χ2(1) = 94.809, p 
< .001), indicating that the location of the uni-modally coded item 
received more looks than that of the multi-modally coded item. The 
inclusion of the interaction of the first-order Time term and Condition 
did not yield a significant improvement (χ2(1) = 0.125, p < .722); 
however, the inclusion of the second-order Time term and Condition did 
(χ2(1) = 33.309, p < .001). Just as previously, we calculated the Bayes 
factor for the model without the first-order Time term and Condition 
interaction and the one including it in order to establish whether the 
lack of the interaction effect could be due to an insufficient sample size. 
The result (BF = 0.018) revealed that there is a high probability that the 
tested effect is not present. Model specifications and the parameter es-
timates of the best fitting model are presented in Table 9. 

Discussion 

Experiment 4 tested the hypothesis that less prominent items, i.e. 
items of weaker encoding receive more refreshing when both the 
prominent and the non-prominent item must be retained in WM for 
successful task completion. The results support our hypothesis: the lo-
cations of the images corresponding to both first and second multi-
modally encoded items received fewer fixations than their unimodally 
encoded counterparts. Since the number of looks at nothing was taken to 
be a correlate of attentional refreshing, we conclude that those items 
received less refreshing that were more prominent and received more 
attention during encoding. These findings lend support to the hypothesis 
that if memory items are equally relevant in a task, and one of these is 
more prominent during encoding, the Least Activated First schedule is 
selected and the more prominent one will receive less refreshing. 

General discussion 

The aims and hypotheses of the present work were formulated based 
on two studies: Sanford et al. (2006) and Stevens and Roberts (2019). 
The former study demonstrated that recognition rates are higher for 
linguistically focused elements than for elements not marked for focus. 
Based on these results, Sanford et al. (2006) concluded that linguistic 

focus functions as an attention capturing device (see also Hornby, 1974; 
Blutner & Sommer, 1988; Sturt et al., 2004; Sanford et al., 2006, 2009; 
Ward & Sturt, 2007; Ferreira & Lowder, 2016). One of our aims was to 
test this conclusion by investigating the attention capturing properties of 
linguistic focus through concentrating on the attentional mechanisms of 
encoding and refreshing instead of the retrieval of linguistically focused 
elements. We conjectured that during both of these processes, more 
attention is allocated to the linguistically focused element than to its 
non-focused counterpart. Sanford et al. (2006) also demonstrated that 
means of non-conventional prominence marking (e.g. font type) lead to 
similar effects on recognition memory as linguistic focus does. Addi-
tionally, based on the results of an experiment using a non-linguistic 
communication game, Stevens and Roberts (2019) suggested that lin-
guistic focus marking should be seen as a way to encode prominence in 
grammar, and as such, it functions to communicate information effi-
ciently while reducing the risk of it being lost in a noisy environment. 
Based on these two considerations, we examined the effects of non- 
conventional prominence marking on attention allocation during the 
processes of encoding and refreshing, and conjectured that this type of 
prominence marking would give rise to similar patterns of attention 
allocation as linguistic focus. We reasoned that such results would lend 
further support to the idea that linguistic focus functions as an attention 
capturing device, and that it serves this function by being prominent. 
Our findings are relevant for theories of language processing in general, 
and for psycholinguistic theories of focus processing and interpretation 
in particular. 

In order to investigate attention allocation during the processing of 
linguistic focus, we measured pupil size, which has been shown to be a 
reliable reporter variable for attentional load during mental processing 
(see e.g. Hoeks & Levelt, 1993; Aston-Jones & Cohen, 2005; Sara, 2009; 
Mathôt et al., 2013; Johnson et al., 2014; Koelewijn et al., 2015), and 
strength of memory encoding (Kucewicz et al., 2018). With regard to 
this measure, we found an enhanced pupil dilation during the encoding 
of focus containing sentences, which clearly demonstrates that the 
processing of linguistic focus incurs a greater attentional load. 

A novelty of our study was the investigation of the refreshing, or the 
attention-based updating of memory representations related to linguis-
tically focused elements. With regard to this process, we found that 
linguistic focus modulates the attentional system during the retention of 
WM items, and its effects depend on current task demands. The focused 
element is refreshed at a higher rate if the task does not require the 
listener to switch their attention between memory items. However, if the 
focused and non-focused elements are equally relevant for the task, the 
focused element receives less refreshing. This observation may be 
explainable by the Least Activated First schedule (Lemaire et al., 2018), 
which posits that the least active element in the memory set has priority 
for refreshing. Since by virtue of being more prominent, the linguisti-
cally focused element is of higher activation (due to the greater amount 
of attention allocated to it during encoding), and consequently, other, 
non-focused elements get priority for refreshing. 

We also conducted experiments testing the hypothesis that linguistic 
focus marking is used by languages to mark elements prominent in an 
utterance and thus to direct the attention of the addressee. To test this 
hypothesis, we manipulated the prominence of linguistic items using a 
non-conventional way of prominence marking: we presented individual 
words unimodally and multimodally assuming that multimodally pre-
sented items are more prominent. The results of these experiments were 
in line with those investigating sentences containing linguistic focus 
marking (i.e. Experiments 1 and 3): when one element is more promi-
nent in a two-member memory set, this element receives more 
refreshing provided that only one of the elements needs to be retained in 
memory for the successful completion of the task. If, however, both el-
ements have to be responded to, i.e. they are equally task-relevant, the 
more prominent element gets less refreshing. 

Table 9 
The best fitting model and its parameter estimates predicting the number of 
looks at the location of the image corresponding to the first Noun.  

looks_to_N2 ~ (Time + Time^2) * Condition + (Time + Time^2 | 

Participant) + (Time + Time^2 | Trial)  

Estimate Std. 
Error 

z p 

Intercept  2.435  0.206  11.825 <.001 
Time  − 0.465  0.021  − 22.602 <.001 
Time ^ 2  0.989  0.022  45.804 <.001 
Condition (Multimodal second)  − 0.072  0.009  − 8.191 <.001 
Time:Condition (Multimodal 

second)  
− 0.029  0.030  − 0.954 .340 

Time^2:Condition (Multimodal 
second)  

− 0.180  0.031  − 5.771 <.001  
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Attentional control and linguistic theories of focus 

Results of Experiment 1 showed enhanced pupil dilation for the 
focused element, which was replicated in Experiment 3. We take these 
results as evidence for the claim that linguistic focus directs the attention 
of the addressee and that the encoding of focused elements incurs 
greater attentional load. These findings may have important implica-
tions for theories of linguistic focus. 

We have pointed out that definitions and accounts of focus marking 
which attempt to provide a focus theory within the domain of theoretical 
linguistics are divergent. For example, certain accounts emphasize that a 
central aspect of linguistic focus is to foreground important information 
(e.g., von Stechow, 1991; Krifka, 1992), others propose that the primary 
function of focus is to express the unpredictable part of the sentence 
(Halliday, 1967; Jackendoff, 1972; Knud, 1994), while another strand 
claims that focus marks the presence of alternatives relevant for the 
interpretation of a given sentence (Rooth, 1998, Krifka, 2008). An 
additional and influential account posits that sentences containing lin-
guistic focus are answers to implicit questions in discourse, and that the 
focused element constitutes the part about which the implicit question is 
made (Roberts, 2012). We tentatively suggest that these various func-
tions are derivable from the attention guiding properties of linguistic 
focus. In the case of all of the functions listed above, attention plays a 
crucial role: if the speakers draws the listener’s attention to a piece of 
information, the listener will reasonably assume that it is an important 
piece of information: that something new and unpredictable is being 
communicated or contrast is being expressed (e.g. It was a GOAT that the 
dog chased not a sheep). Nevertheless, we must emphasize that a finding 
that linguistic focus marking guides the listener’s attention does not 
necessarily mean that focus should not be seen as a linguistic code with a 
conventionalised semantic meaning, predictable pragmatic in-
terpretations, or that its semantic characteristics (some of which are 
language specific) should not be analyzed by linguistic theories. Such 
meaning components have been observed and described in detail in 
different languages. What we are claiming is that the majority of these 
functions and potential semantic and interpretational features are 
derivable from a more general psychological aspect, namely, the 
attention guiding properties of linguistic focus. 

Let us give a more detailed description of how one of these semantic 
properties may be derivable from our observations. One such exten-
sively discussed interpretational component of focus constructions is 
exhaustive interpretation (for a seminal work on Hungarian see É. Kiss, 
1998). We shall offer a tentative explanation as to how this particular 
property can be derived from our findings, since this meaning compo-
nent is a central question addressed in a multitude of studies on lin-
guistic focus. Exhaustive interpretation means that the proposition 
carried by the sentence is true exclusively for the expression marked for 
focus. For example, the exhaustive interpretation of the sentence in (4a) 
(repeated as (5) for convenience) is compatible with a scenario in which 
only the goat was woken up by the dog and no other potential alterna-
tives (e.g. cow, pig, rooster).  

(5) A kutya a KECSKéT keltette fel.  
the dog.nom the GOAT.acc woke up  
The dog woke up the GOAT.  

As far as exhaustiveness is concerned, there is an abundance of expla-
nations for its emergence both in the theoretical and the experimental 
literature. One line of theoretical accounts (e.g. É. Kiss, 1998; Kenesei, 
2006) adopts the view that the exhaustive interpretation is part of the 
semantic representation of the sentence, and therefore part of its truth 
conditions. Contrary to the semantic stance, another strand (Gerőcs 
et al., 2014; Wedgwood, 2005) represents the view that exhaustive 
interpretation may be derived from the principle of Relevance as defined 
by Sperber and Wilson (1986). Another view proposed by Káldi and 
Babarczy (2018) holds that exhaustiveness is a type of scalar implicature 
(Grice, 1975; Horn, 1972). 

Complementing these - not necessarily contradictory - linguistic 
theories, we propose an alternative, psychologically motivated view 
claiming that the exhaustive interpretation of linguistic focus is deriv-
able from its attention guiding properties. Attention has been defined as 
a selective mental process by which specific aspects or entities are 
concentrated on, while other features or entities are excluded (see e.g. 
Broadbent, 1958; James, 1890; Nobre & Kastner, 2014; Serences & 
Kastner, 2014; Treisman, 1969). Parallelly, linguistic focus has been 
described as a linguistic device that highlights information and tends to 
have an exhaustive (or exclusive, contrastive) interpretation (e.g. Krifka, 
1992; É. Kiss, 1998; Káldi & Babarczy, 2018). We strongly believe that 
the analogue between the psychological properties of attention and the 
linguistic property of exhaustiveness is no coincidence: when a focus 
construction directs the attention of the addressee to a feature or an 
entity in the universe of discourse, by virtue of the selective nature of 
attention, other features or entities will be automatically excluded in the 
listener’s mind. Hence, in the listener’s interpretation, the proposition 
conveyed by the focus construction will not hold for the features or 
entities for which that proposition could also potentially hold, since 
these will have been excluded by the selective mechanisms of attention. 
This conjecture can also account for a ubiquitous observation in the 
experimental literature on focus interpretation, namely, that the rate 
with which focus is interpreted exhaustively is task- and context- 
dependent (Onea, 2009; Onea & Beaver, 2009; Kas & Lukács, 2013; 
Gerőcs et al., 2014; Káldi et al., 2016; Káldi & Babarczy, 2018). Even-
tually, what may go through the bottleneck is subject to diverse factors 
such as contextual factors, relevance, the circumstances of making the 
utterance, the listener’s state of mind and so on. We believe that this is 
an important consideration that psycholinguistic theories of interpre-
tation should incorporate when accounting for the exhaustive inter-
pretation of linguistic focus. 

Refreshing of focused items: task dependence of mental processes 

We believe that our findings regarding the effects of linguistic focus 
marking on the refreshing of memory traces have three important 
implications. 

The first implication is directly related to the psycholinguistic ac-
counts of linguistic focus interpretation. As has been pointed out earlier, 
a wide array of studies demonstrated that the psychological function of 
linguistic focus is to guide the attention of the listener. However, the 
actual mechanisms of attention allocation during retention have not yet 
been directly addressed. The findings of our experiments reveal that 
refreshing, the attention-based mechanism responsible for the retention 
of WM items, is modulated by linguistic focus. Furthemore, we have also 
shown that this modulation is task dependent. A question that arises 
from this observation is how this task dependence may be related to 
linguistic processing in real-life contexts. We now turn to this question. 

The sentences in Experiments 1 and 3 corresponded to propositions 
expressing a relation between two entities. For example, the sentences in 
(4) (repeated as (6) for convenience) express that there is a relation 
between the dog and the goat such that the former woke up the latter. By 
the definitions of information structural terms, the topic constituents 
(both NPs in 6a, and the first NP in 6b) encode information that has been 
introduced into the context, while the linguistically focused constituent 
(second NP in 6b) encodes information that is emphatic, new, or con-
trasted etc. In more technical terms, the topic is the part of the sentence 
about which the predicate makes a statement, whereas focus is the most 
prominent part of the predicate carrying emphatic information.  

(6) a. A kutya a kecskét fel-keltette.   
the dog.nom the goat.acc up-woke   
The dog woke up the goat.  

b. A kutya a KECSKéT keltette fel.   
the dog.nom the GOAT.acc woke up   
The dog woke up the GOAT.  
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In some contexts, the information carried by the topic does not need to 
be directly accessed, or especially in Hungarian, the element serving as 
topic can even be missing from the sentence. An example of such a 
context is presented in (7a).  

(7) a. John is so disorganized. What did he misplace this time?   
(John/HeTopic) misplaced his KEYS.   
(János/ŐTopic) a KULCSAIT hagyta el. (topic optional)  

b. I hear John has misplaced his wallet, and Peter lost his bank card at the 
party.   
No. JohnTopic misplaced his KEYS.   
Nem. JánosTopic a KULCSAIT hagyta el. (topic obligatory)  

In other contexts, such as (7b), the topicalized element may also have 
significance along with the focused element. In such cases it cannot be 
omitted, and both items corresponding to the topic and the focus need to 
be accessed in WM if the sentence is to be fully interpreted. For example, 
when the listener hears the response in (7b), she has to access both the 
entity that is talked about (i.e. the topic: John) and the entity that has 
been newly introduced into the discourse (i.e. the focus: his keys). In 
other words, the two entities are equally relevant if the entire proposi-
tional content is to be accessed and evaluated. Note, however, that the 
element carrying new and emphatic information is still marked for 
focus. Let us now consider the tasks employed in our experiments along 
these lines. In the retrieval phase of Experiment 1, participants had to 
respond to only one probe which could either test the focused or the non- 
focused element. In the case of this task, the participants were aware 
that it would be sufficient to access only one of the two items. The nature 
of the probe task facilitated the dichotomous foreground-background 
distinction (topic serves as background, while focus serves as fore-
ground), and due to its emphatic, foregrounded status, the linguistically 
focused element was allocated more attention during encoding and 
refreshing. Thus, the decision task employed in Experiments 1 corre-
sponds to a scenario exemplified in (7a). On the other hand, the 
experimental task employed in Experiment 3 corresponds to a scenario 
exemplified in (7b), since both the first and the second nouns were 
equally relevant for the experimental task: both NPs had to be accessed 
independently of their informational structural status. 

Our findings shed some light on the interaction between context and 
WM updating: in a task corresponding to the context in (7a), the rep-
resentation of the linguistically focused element was refreshed at a 
higher rate, whereas in the task corresponding to the context in (7b) the 
non-focused element received priority for refreshing. In other words, if 
the non-focused part is backgrounded, and is less relevant (as in 
Experiment 1), the linguistically focused item is allocated more atten-
tion during retention. If, however, the relevance of both the topic and 
focused elements is equal in terms of the task or for the interpretational 
goals (as in Experiment 3), the linguistically focused item is allocated 
less attention. 

Since the direction of investigation in the current work is novel, our 
findings with relation to the observed differences between the two task 
types raise a number of questions that need to be clarified in future 
research. One of these is how these tasks can be directly related to 
different contexts or interpretational goals. Future experiments should 
investigate which refreshing schedules are selected depending on 
different uses of linguistic focus in real life contexts. Results of such work 
would lend a higher level of ecological validity to our findings. 

The second implication is that the results presented in the current 
study extend the literature on the looking-at-nothing effect (e.g. Spivey 
& Geng, 2001; Altmann, 2004; Ferreira, Apel, & Henderson, 2008; de 
Groot, Huettig, & Olivers, 2016) by providing evidence that looking-at- 
nothing can occur in the case of linguistic processing and can be medi-
ated by the information structure of sentences. Experimental studies in 
the blank screen literature not only claim that given a WM task, in-
dividuals exhibit looking-at-nothing behavior, but also that this 
behavior is more than an epiphenomenon: it has a functional role, 
namely the improvement the WM accessibility of memory items (see e.g. 

Johansson & Johansson, 2014; Scholz et al., 2016). One limitation of our 
study is that we did not measure the retrieval success of the WM items. 
Nevertheless, considering the substantial amount of empirical findings 
on the enhanced accessibility of linguistically focused items (e.g. 
Hornby, 1974; Blutner & Sommer, 1988; Sturt et al., 2004; Sanford 
et al., 2006; Ward & Sturt, 2007; Ferreira & Lowder, 2016), it is highly 
plausible that the looking-at-nothing behavior observed in the present 
study is no exception, and that this behavior had a functional role in the 
maintenance of the items encoded. Further research is needed to 
investigate the link between the mental processes associated with the 
refreshing of items of different information structural status and the 
memory accessibility of these items in WM. 

Third, the results of our study provide empirical evidence for the 
application of Lemaire et al. (2018) Least Activated First refreshing 
schedule demonstrating that the less active non-focused element was 
more intensively refreshed than its more active focused counterpart. Our 
results may accommodate the findings by Vergauwe (2018) who 
compared different refreshing schedules for serially presented memory 
items using three types of instructed refreshing schedules. These 
schedules differed in the order in which participants were instructed to 
refresh memory items. The author found that the WM performance was 
not affected by the given schedule type used. However, performance was 
improved in the baseline condition when no instructions regarding 
refreshing were given, i.e. when participants could spontaneously adopt 
a refreshing schedule of their own choice. Contrary to Vergauwe (2018), 
we investigated the spontaneous refreshing of memory items. Although, 
as was mentioned earlier, we did not test WM performance, it was 
observed that when participants could refresh serially presented items 
spontaneously (and were required to retrieve all of them), they adopted 
the Least Activated First schedule. These results may explain the find-
ings of Vergauwe (2018): participants in the no-instruction baseline 
condition might have also adopted the Least Activated First refreshing 
schedule, and being able to select the task-appropriate schedule could 
have resulted in a better recall performance. 

Focus: grammaticalized prominence 

The results presented here are in line with the information-theoretic 
claim regarding linguistic focus most recently and explicitly made by 
Stevens and Roberts (2019), who claim that linguistic focus is a means to 
add redundancy to the most informative part of utterances in order to 
prevent information being lost in a noisy communication channel. The 
authors used a simple non-linguistic communication game in which 
noise, available time, and required effort were manipulated as experi-
mental variables. The results showed that adding redundancy is a gen-
eral, language independent communicative strategy in which 
redundancy is allocated selectively to elements that carry information 
that is not part of the common ground of the interlocutors. According to 
the authors, in natural languages, adding redundancy is realized by 
grammatical means (otherwise not used in neutral, focusless sentences), 
such as the use of more emphatic prosody, extra morphological marking 
or syntactic construction, and is also motivated by the need to maximize 
communicative efficiency and minimize effort. The explanation pro-
vided by Stevens and Roberts (2019) for the emergence of linguistic 
focus is especially appealing, since it provides a language- or grammar 
independent explanation for why the universal feature of focus marking 
should exist in the grammar of natural languages. 

In Experiments 2 and 4 the prominence of the stimuli (or their 
redundancy in information theoretic terms) was manipulated. Results 
showed that the same refreshing patterns emerged in the case of more 
prominent material as in the case of linguistically focused elements 
suggesting that linguistic focus marking does indeed amount to promi-
nence marking. Since, as Stevens and Roberts (2019) also claim, this 
mechanism is exploited universally in languages, research should be 
extended to languages in which focus marking strategies are different 
from Hungarian focus. 
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Limitations 

A possible limitation of our study is the predominance of females 
among the participants. However, based on the review literature on sex 
differences in language abilities and processing (Hyde & Linn, 1988; 
Wallentin, 2009), we firmly believe that the dominance of female par-
ticipants did not confound our data. 

A visual comparison of the pupil measures from Experiments 1 and 3 
reveals that the trends in the two conditions start to diverge earlier in the 
case of Experiment 1, whereas this divergence occurs later in Experi-
ment 3. A potential explanation for this difference might be that the 
auditory materials for the two experiments were recorded with different 
speakers. In contrast with the speaker recording the sentences for 
Experiment 3, the speaker in Experiment 1 used a so-called rising into-
nation which anticipates the focus that follows. Native speaker in-
tuitions suggest that this intonation pattern is optional in Hungarian 
focus marking but its role in anticipation of focus could be the object of 
further empirical investigation (see e.g. Kristensen, Wang, Petersson, & 
Hagoort, 2013). Nevertheless, irrespective of the prosodic features of the 
first word of the test sentences, the immediately pre-verbal elements 
were by definition marked for focus in both Experiments 1 and 3. Thus, 
there is no reason to believe that the aforementioned difference could 
render our results inconclusive regarding the encoding and refreshing 
processes related to linguistically focused elements. 

Another question regarding the general pattern of pupil dilations is 
whether the results reflect a pure task evoked pupillary response effect 
or the modulation of the pupil light reflex. Since an inter-trial interval 
with lower luminance level was employed, the patterns clearly show the 
latter. Note, however, that there is evidence suggesting that the modu-
lation of the pupillary light reflex is also a reliable indicator of cognitive 

processes such as attention allocation (Ebitz & Moore, 2019; Fabius 
et al., 2017). Furthermore, since the results of Experiment 1 were 
replicated in Experiment 3, we are confident that our measurements are 
reliable and valid, and that the observed differences in the pupil dilation 
patterns allow us to make valid conclusions regarding attention alloca-
tion during the processing of linguistically focused elements. Addition-
ally, the analyses which controlled for the pupillary light reflex and used 
a baseline starting at the onset of the critical second NPs also indicated a 
greater pupil size in the case of focus containing sentences in both ex-
periments. Also, Experiments 2 and 4 provide independent evidence for 
the claim that there is a greater attention allocation during the pro-
cessing of linguistically focused elements. Nevertheless, we acknowl-
edge that by keeping the luminance level constant across the 
experiments would have resulted in pure task-evoked pupil response 
effects. 

To conclude, the results of our study demonstrate that linguistic 
focus controls attention during both WM encoding and retention by 
virtue of being prominent. During encoding, a greater attentional load is 
observable, whereas during retention, the focused element is either 
more actively or less actively refreshed than its non-focused counterpart. 
The refreshing schedule is selected based on the task relevance of the 
elements. 
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Appendix A  

Sentences in the critical trials of Experiment 1. 
List A  

Control condition Focus condition 
1. A férfi a nőt felkereste. 

The man visited the woman 
2. Az elefánt az orrszarvút felöklelte. 
The elephant butted the rhino. 
3. A teve a lovat megharapta. 
The camel bit the horse. 
4. A kutya a kecskét felkeltette. 
The dog woke up the goat. 
5. Az egér a gyíkot elzavarta. 
The mouse packed off the lizard. 
6. A tehén a disznót megkergette. 
The cow chased the pig. 
7. A gólya a halat megfigyelte. 
The stork looked at the fish. 
8. A mókus a macskát megneszelte. 
The squirrel got wind of the cat. 
9. A bohóc a postást felkeltette. 
The clown woke up the postman. 
10. A teniszező a takarítónőt megkereste. 
The tennis player found the cleaner. 
11. A síelő a szánkóst megbántotta. 
The skier hurt the sleigh rider. 
12. A helikopter a repülőgépet megelőzte. 
The helicopter overtook the airplane. 
13. A villamos a buszt feltartóztatta. 
A tram impeded the bus. 
14. Az autó a motorost lehagyta. 
The car outpaced the motorbike. 
15. A kosaras a hegedűst meghívta. 
The basketball player invited the violinist. 
16. A biciklis a gördeszkást feldöntötte. 
The cyclist pushed over the skateboarder. 

1. A férfi a nőt kereste fel. 
The man visited the womanFocus. 
2. Az elefánt az orrszarvút öklelte fel. 
The elephant butted the rhinoFocus. 
3. A teve a lovat harapta meg. 
The camel bit the horseFocus. 
4. A kutya a kecskét keltette fel. 
The dog woke up the goatFocus. 
5. Az egér a gyíkot zavarta el. 
The mouse packed off the lizardFocus. 
6. A tehén a disznót kergette meg. 
The cow chased the pigFocus. 
7. A gólya a halat figyelte meg. 
The stork looked at the fishFocus. 
8. A mókus a macskát neszelte meg. 
The squirrel got wind of the catFocus. 
9. A bohóc a postást keltette fel. 
The clown woke up the postmanFocus. 
10. A teniszező a takarítónőt kereste meg. 
The tennis player found the cleanerFocus. 
11. A síelő a szánkóst bántotta meg. 
The skier hurt the sleigh riderFocus. 
12. A helikopter a repülőgépet előzte meg. 
The helicopter overtook the airplaneFocus. 
13. A villamos a buszt tartóztatta fel. 
A tram impeded the busFocus. 
14. Az autó a motorost hagyta le. 
The car outpaced the motorbikeFocus. 
15. A kosaras a hegedűst hívta meg. 
The basketball player invited the violinistFocus. 
16. A biciklis a gördeszkást döntötte fel. 
The cyclist pushed over the skateboarderFocus. 

List B.  

(continued on next page) 
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(continued ) 

Sentences in the critical trials of Experiment 1. 
List A  

Control condition Focus condition 
1. A nő a férfit felkereste. 

The woman visited the man. 
2. Az orrszarvú az elefántot felöklelte. 
The rhino butted the elephant. 
3. A ló a tevét megharapta. 
The horse bit the camel. 
4. A kecske a kutyát felkeltette. 
The goat woke up the dog. 
5. A gyík az egeret elzavarta. 
The lizzard packed off the mouse. 
6. A disznó a tehenet megkergetette. 
The pig chased the cow. 
7. A hal a gólyát megfigyelte. 
The fish looked at the stork. 
8. A macska a mókust megneszelte. 
The cat got wind of the squirrel. 
9. A postás a bohócot felkeltette. 
The postman woke up the clown. 
10. A takarítónő a teniszezőt megkereste. 
The cleaner found the tennis player. 
11. A szánkós a síelőt megbántotta. 
The sleigh rider hurt the skier. 
12. A repülőgép a helikoptert megelőzte. 
The airplane overtook the helicopter. 
13. A busz a villamost feltartóztatta. 
The bus impeded the tram. 
14. A motoros az autót lehagyta. 
The motorbike outpaced the car. 
15. A hegedűs a kosarast meghívta. 
The violinist invited the basketball player. 
16. A gördeszkás a biciklist feldöntötte. 
The skateboarder pushed over the cyclist. 

1. A nő a férfit kereste fel. 
The woman visited the manFocus. 
2. Az orrszarvú az elefántot öklelte fel. 
The rhino butted the elephantFocus. 
3. A ló a tevét harapta meg. 
The horse bit the camelFocus. 
4. A kecske a kutyát keltette fel. 
The goat woke up the dogFocus. 
5. A gyík az egeret zavarta el. 
The lizzard packed off the mouseFocus. 
6. A disznó a tehenet kergette meg. 
The pig chased the cowFocus. 
7. A hal a gólyát figyelte meg. 
The fish looked at the storkFocus. 
8. A macska a mókust neszelte meg. 
The cat got wind of the squirrelFocus. 
9. A postás a bohócot keltette fel. 
The postman woke up the clownFocus. 
10. A takarítónő a teniszezőt kereste meg. 
The cleaner found the tennis playerFocus. 
11. A szánkós a síelőt bántotta meg. 
The sleigh rider hurt the skierFocus. 
12. A repülőgép a helikoptert előzte meg. 
The airplane overtook the helicopterFocus. 
13. A busz a villamost tartóztatta fel. 
The bus impeded the tramFocus. 
14. A motoros az autót hagyta le. 
The motorbike outpaced the carFocus. 
15. A hegedűs a kosarast hívta meg. 
The violinist invited the basketball playerFocus. 
16. A gördeszkás a biciklist döntötte fel. 
The skateboarder pushed over the cyclistFocus.  The sentences in Experiment 3 were the same as in Experiment 1 items 1 – 12 in both conditions and lists. 
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T. Káldi and A. Babarczy                                                                                                                                                                                                                     

https://doi.org/10.1207/s15326950dp4202_2
https://doi.org/10.1038/nrn2573
https://doi.org/10.1007/s00426-014-0639-4
https://doi.org/10.1007/s00426-014-0639-4
https://doi.org/10.1093/oxfordhb/9780199675111.013.022
https://doi.org/10.1093/oxfordhb/9780199675111.013.022
https://doi.org/10.1037/a0036331
https://doi.org/10.1037/a0036331
https://doi.org/10.1111/nyas.12603
https://doi.org/10.1111/nyas.12603
https://doi.org/10.1111/nyas.13621
http://refhub.elsevier.com/S0749-596X(20)30101-7/h0460
http://refhub.elsevier.com/S0749-596X(20)30101-7/h0460
https://doi.org/10.1007/s004260100059
http://refhub.elsevier.com/S0749-596X(20)30101-7/h0470
http://refhub.elsevier.com/S0749-596X(20)30101-7/h0470
https://doi.org/10.1111/cogs.12717
https://doi.org/10.1111/cogs.12717
https://doi.org/10.1093/acrefore/9780199384655.013.207
https://doi.org/10.3758/BF03196716
https://doi.org/10.3758/BF03196716
https://doi.org/10.1016/j.actpsy.2009.01.005
https://doi.org/10.1016/j.actpsy.2009.01.005
https://doi.org/10.1037/h0027242
https://doi.org/10.3758/s13423-014-0747-6
https://doi.org/10.3758/s13414-017-1455-x
https://doi.org/10.3758/s13414-017-1455-x
https://doi.org/10.1177/1745691615596790
https://doi.org/10.1177/1745691615596790
http://refhub.elsevier.com/S0749-596X(20)30101-7/h0520
http://refhub.elsevier.com/S0749-596X(20)30101-7/h0520
http://refhub.elsevier.com/S0749-596X(20)30101-7/h0520
https://doi.org/10.1111/nyas.13630
https://doi.org/10.1111/nyas.13630
https://doi.org/10.3758/s13423-014-0755-6
https://doi.org/10.1016/j.jml.2017.05.001
https://doi.org/10.1016/j.bandl.2008.07.001
https://doi.org/10.1016/j.bandl.2008.07.001
https://doi.org/10.1016/j.neuropsychologia.2015.11.019
https://doi.org/10.1016/j.neuropsychologia.2015.11.019
https://doi.org/10.3758/BF03195944
http://refhub.elsevier.com/S0749-596X(20)30101-7/h0565
http://refhub.elsevier.com/S0749-596X(20)30101-7/h0565
https://doi.org/10.1162/jocn.2008.20094


  

1 

 

Hungarian structural focus: accessibility to focused elements and their alternatives 1 

in Working Memory and delayed recognition memory 2 

Tamás Káldi1,2, Ágnes Szőllősi3,4, Anna Babarczy1,3 3 

1Department of Neuro- and Psycholinguistics, Research Institute for Linguistics, Budapest, Hungary 4 

2Bárczi Gusztáv Faculty of Special Needs Education, Eötvös Loránd University 5 

3Department of Cognitive Science, Faculty of Natural Sciences, Budapest University of Technology and 6 
Economics, Budapest, Hungary 7 

4Institute of Cognitive Neuroscience and Psychology, Research Centre for Natural Sciences, Budapest, 8 
Hungary 9 

Correspondence: 10 
Tamás Káldi 11 
kaldi.tamas@nytud.hu 12 

Keywords: linguistic focus, memory accessibility, representation, probe recognition, Working 13 
Memory, delayed recognition 14 

Abstract 15 

The present work investigates the memory accessibility of linguistically focused elements and the 16 
representation of the alternatives for these elements (i.e. their possible replacements) in Working Memory 17 
(WM) and in delayed recognition memory in the case of the Hungarian pre-verbal focus construction 18 
(preVf). In two probe recognition experiments we presented preVf and corresponding focusless neutral 19 
sentences embedded in five-sentence stories. Stories were followed by the presentation of sentence probes 20 
in one of three conditions: i) the probe was identical to the original sentence in the story, ii) the focused 21 
word (i.e. target) was replaced by a semantically related word and iii) the target word was replaced by a 22 
semantically unrelated but contextually suitable word. In Experiment 1, probes were presented immediately 23 
after the stories measuring WM performance, while in Experiment 2, blocks of six stories were presented 24 
and sentences were probed with a two-minute delay measuring delayed recognition memory performance. 25 
Results revealed an advantage of the focused element in immediate but not in delayed retrieval. We found 26 
no effect of sentence type on the recognition of the two different probe types in WM performance. 27 
However, results pertaining to the memory accessibility of focus alternatives in delayed retrieval showed 28 
an interference effect resulting in a lower memory performance. We conclude that this effect is indirect 29 
evidence for the enhanced activation of focus alternatives. The present work is novel in two respects. First, 30 
no study has been conducted on the memory representation of focused elements and their alternatives in 31 
the case of the structurally marked Hungarian pre-verbal focus construction. Second, to our knowledge, 32 
this is the first study that investigates the focus representation accounts for WM and delayed recognition 33 
memory using the same stimuli and same measured variables. Since both experiments used exactly the 34 
same stimulus set, and they only differed in terms of the timing of recognition probes, the principle of 35 
ceteris paribus fully applied with respect to how we addressed our research question regarding the two 36 
different memory systems. 37 

  38 
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1 Introduction 39 

The present work investigates the memory accessibility of linguistically focused elements in Hungarian and 40 
their representation in Working Memory (WM) and with a delay before retrieval. There are a multitude of 41 
theories regarding how focused elements and their alternatives are represented in memory predicting 42 
contradictory outcomes. Therefore, the primary aim of the present work is to further investigate the issue 43 
at hand, and to offer an explanation for findings based on general psychological principles pertaining to 44 
human memory. Since currently there is no data regarding the memory representation of the focused 45 
element and its alternatives for Hungarian focus, a secondary aim is to fill this gap by investigating how 46 
this particular focus construction affects WM performance, and memory performance when one is not 47 
able to rely exclusively on processes for maintaining information in WM (i.e. in a delayed recognition 48 
memory task). A tertiary aim is to investigate what can potentially belong to the set of alternatives evoked 49 
by focus. 50 

Regarding these issues, we formulated and tested the following predictions. We predicted that focused 51 
elements are more readily accessible in WM than corresponding non-focused elements. Since results on 52 
delayed retrieval are scarce in the literature, we made no predictions regarding the accessibility to focused 53 
elements when there is a delay before retrieval, and hence one can not rely on WM processes. However, 54 
we made the tentative suggestion that the facilitatory effect observed in WM disappears. As far as focus 55 
alternatives are concerned, earlier results are contradictory, therefore, we aimed to adjudicate between the 56 
two conflicting predictions that focus enhances the representation of focus alternatives or it does not. 57 
Regarding the question of what constitutes the set of focus alternatives, we tested the prediction that – if 58 
alternatives are generated at all –, not only semantically but contextually related alternatives are also 59 
activated. 60 

1.1 Functional characterizations of linguistic focus 61 

Linguistic focus is an information packaging device (Chafe, 1976; Krifka, 2008) which pertains to “the 62 
information in the sentence that is assumed by the speaker not to be shared by him and the hearer” 63 
(Jackendoff, 1972, pp 16), hence focus expresses new, non-presupposed information (see also É. Kiss, 64 
1998). In generative linguistic frameworks, focusation is often analyzed as movement to a functional 65 
projection. An interesting work from this domain suggests that certain movements or extraction 66 
phenomena (like movements from islands) may be related to a principle called semantic dominance 67 
(Erteschik-Shir 1973) or dominance (Erteschik-Shir & Lappin 1979). According to the principle of 68 
dominance, "a constituent c of a sentence S is dominant in S iff the speaker intends to direct the attention 69 
of his hearers to the intension of c, by uttering S" (Erteschik-Shir & Lappin 1979 p. 43). This principle 70 
clearly predicts that a to be focused element should appear in a designated syntactic focus position if the 71 
adopted theoretical linguistic framework assumes that sentences are derived and that derivations involve 72 
movements. Positing movements, together with the corollary that traces are left behind, gives rise to a 73 
number of psycholinguistic questions regarding how these structures are processed and represented. Since 74 
these questions are beyond the scope of the present work, we will confine our investigation to the memory 75 
representation of focused elements and their alternatives without committing ourselves to any formal 76 
theory of syntax on focus. There are two central functional characterizations of focus in the literature. 77 

First, it is claimed that the function of focus is to partition the sentence into two parts: the foreground and 78 
the background (see e.g. Krifka, 1992; Stechow, 1991). Focus is claimed to mark the foreground, 79 
highlighting important, emphatic, interesting, contrasted or new information against the background, 80 
which is often but not necessarily taken to be part of the common ground of the interlocutors.  81 
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Second, based on Rooth’s alternative semantics approach (Rooth, 1985, 1992), it is commonly held that 82 
the function of focus is to evoke a set of alternatives: it expresses that there is a set of entities whose subset 83 
is selected by focus. Both functional definitions, namely the function of highlighting against a background 84 
and the function of signaling the presence of alternatives have been taken up by psycholinguistic enquiry 85 
and shown to have psychological reality. 86 

1.2 Psycholinguistic results on the functional aspects of focus 87 

The highlighting function of focus has been related to attention in the psychology of language processing: 88 
a wide array of studies have shown that the psychological function of focus is to guide the attention of the 89 
listener to the focused element. For example, in a seminal paper Bredart & Modolo (1988) used it-cleft 90 
constructions, a type of syntactic focus, to investigate whether the so-called Moses illusion is modulated 91 
by focus. The authors presented anomalous cleft sentences, such as It was Moses who took two animals of each 92 
kind on the Ark. The sentence is anomalous, since according to the Biblical story, it was Noah who brought 93 
two animals of each kind onto the ark before the flood. Participants were instructed to carry out a sentence 94 
verification task. The variable of interest was how frequently participants spotted the anomaly as a function 95 
of whether the incongruous item (i.e. Moses in the above example) was focused or unfocused. The results 96 
indicated a higher detection rate in the focused condition lending support to the idea that focus indeed 97 
guides attention to the focused element. 98 

Relying on the findings of Bredart & Modolo (1988), Sturt et al. (2004) investigated how the level of detail 99 
with which a word is represented in the mind is modulated by focus. The authors hypothesized that since 100 
focus directs attention to the focused element, this element is subject to in-depth processing, and 101 
consequently its representation is more fine-grained than those of unfocused elements. Sturt et al. (2004) 102 
tested this hypothesis using a change detection paradigm in which participants read short texts containing 103 
a cleft sentence in which the target word was either focused or not. Critical probes were the same texts 104 
containing one change: the target word was either replaced by a semantically related word, or a semantically 105 
unrelated word. The results revealed that the detection rates were equally high irrespective of focus in the 106 
unrelated condition. However, in the semantically related condition, focus made a difference: while 107 
changes were significantly less likely to be detected when the critical noun was not focused, detection rates 108 
remained high in the related condition when it was in focus. Based on these results, the authors concluded 109 
that focus indeed directs attention and thus can modulate the specificity or granularity of the meaning 110 
representation of linguistic expressions (on granularity see Hobbs, 1990). This account of focus 111 
representation was named the granularity account by Sanford et al. (2006) and has been tested by a number 112 
of subsequent studies with confirmatory results (see e.g. Sanford et al., 2006; Sanford, Price, & Sanford, 113 
2009; Ward & Sturt, 2007).  114 

Another approach to the highlighting function of focus is the identification account formulated by Almor 115 
& Eimas (2008). This account proposes that the primary function of focus is to facilitate the identification 116 
of the focused element in order to enhance the efficiency of the discourse integration of linguistic elements. 117 
To test this hypothesis, Almor & Eimas (2008) investigated how syntactic focus (i.e. the cleft construction) 118 
modulated the accessibility of linguistic elements immediately after the focus-containing sentence has been 119 
processed in a lexical decision paradigm using reaction time (RT) as a dependent variable. The results 120 
showed that participants responded faster when the antecedent of the subject was focused compared to 121 
when it was not, lending support to the hypothesis that focused elements are more accessible in online 122 
processing. Almor & Eimas (2008) also investigated the long-term accessibility of the focused elements 123 
using a questionnaire in which questions elicited the delayed recall of critical focused words. In the recall 124 
task, the authors found an adverse effect for focus: if the critical word was marked for focus earlier during 125 
the experiment, its recall rate was lower compared to when it was unfocused. 126 
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In sum, the results of experimental work on the highlighting or attention capturing function of focus 127 
inspired the formulation of two mutually non-exclusive accounts of focus representation: the identification 128 
account and the granularity account. Note, that the granularity account is a stronger one: it includes the 129 
predictions of the identification account, since it claims that focus has an attention capturing property: if 130 
a linguistic element captures the attention of the addressee, its identification will also be fostered. 131 
Furthermore, the granularity account claims that focus leads to an in-depth processing of the focused 132 
element resulting in a more fine grained representation. For these reasons, we abandon the identification 133 
account, and test the predictions of the granularity account in the present work. 134 

The strand of research inspired by the alternative semantics approach to focus (Krifka, 1992, 2008; Rooth, 135 
1985, 1992) concentrates on the activation of alternatives generated by a focus containing expression. An 136 
account formulated in this vein is the so-called contrast account (see e.g. Braun & Tagliapietra, 2010; 137 
Fraundorf, Watson, & Benjamin, 2010), which proposes that in the case of contrastive focus, the contrast 138 
set of the focused elements receives a higher activation with respect to semantically related, but not 139 
necessarily contrasted elements, or to unrelated elements. 140 

For example, testing the contrast account, Fraundorf et al. (2010) investigated the accessibility of the 141 
contrast set generated by test sentences with a contrastive accent (L + H* accent) as opposed to sentences 142 
with a non-contrastive accent (H* accent associated with new, non-contrasted information) using a delayed 143 
forced choice recognition task on the target words. The results showed improved performance on the 144 
contrastively accented words relative to the words with non-contrastive accent. Fraundorf et al. (2010) 145 
concluded that the observed long-term effect rules out the identification account, but it is compatible with 146 
both the granularity account and the contrast account. To tease apart these accounts, the authors carried 147 
out a sentence verification experiment using the same materials. In this experiment participants were 148 
presented statements in three conditions and had to verify their truth with respect to the sentences heard 149 
earlier. Statements belonging to the three conditions i) contained the same target item as the test sentence, 150 
ii) contained a mentioned contrast item, or iii) contained an unmentioned but within-category item. The 151 
granularity account predicts an enhanced representation primarily for the focused item, whereas the 152 
contrast account predicts that the representation of both the focused item and the members of its contrast 153 
set should be enhanced. Therefore, Fraundorf et al (2010) argue that if the former account is tenable, no 154 
advantage should be observed for either the mentioned contrast item or the unmentioned alternative. 155 
According to the contrast account, however, the sentence containing the mentioned contrast item should 156 
be enhanced while the advantage should not extend to the sentence containing the unmentioned 157 
alternative, since the unmentioned item was not a member of the original contrast set. The results were 158 
found to support the contrast account. 159 

Another account using Rooth’s (1985) alternative semantics as a point of departure is the focus association 160 
account, which proposes that alternatives for focus are enhanced whether they are in the contrast set or 161 
not. In one experiment by Gotzner, Spalek & Wartenburger (2013) the authors compared the accessibility 162 
of prosodically focused elements (using the contrastive L+H* accent used also by Fraundorf et al. (2010) 163 
and elements marked for focus by the particles only (nur) or also (auch) together with the L+H* contrastive 164 
accent. Participants performed a probe recognition task after hearing stories as in (1) (contrastive accent 165 
marked by capital letters). 166 

(1) Context sentence:  The judge and the witness followed the argument. 167 
Critical sentence: (Only/also) the [JUDGE]Focus/the [judge]Focus believed the 168 

defendant. 169 
Extra filler sentence:  He announced the verdict. 170 
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After the story, a probe word was presented which was the mentioned alternative in the context sentence 171 
of the critical conditions (witness). The task of the participants was to decide if the word had appeared in 172 
the story or not. The results revealed that RTs were fastest in the contrastive accent condition indicating 173 
that the accessibility of alternatives was enhanced by contrastive focusing. However, inclusion of the focus 174 
particles resulted in longer RTs, which, as the author argues, is the consequence of interference: if focus is 175 
explicitly used to mark the presence of alternatives (as in the case of only and also), the focus alternatives 176 
become more activated. According to the authors, this higher activation of the set of alternatives in turn 177 
led to a greater level of competition during the probe recognition task manifest in an interference effect, 178 
i.e. in longer RTs when focus particles were used together with contrastive accent. 179 

In another experiment, Spalek, Gotzner & Wartenburger (2014) presented stories containing sentences 180 
marked for focus by particles (nur ~ only and sogar ~ even) in blocks of ten, and investigated the memory 181 
accessibility of alternatives using a delayed recall task. The results revealed that while there was no 182 
facilitative effect of focus particles on the recall of the focused elements themselves, the presence of a 183 
particle significantly increased the recognition rate of the focus alternatives.  184 

The rather selective summary of experimental studies above reveals that there is considerable diversity in 185 
the methods of inquiry, the investigated focus types (within and across languages), the findings, and also 186 
in the theories of focus representation. Note that findings pertaining to the memory representation of 187 
focused elements and alternatives come both from tests given immediately after the presentation of the 188 
critical sentence (e.g. Bredart & Modolo, 1988; Sturt et al., 2004; Ward & Sturt, 2007; Almor & Eimas, 189 
2008; Gotzner Wartenburger & Spalek 2016), and tests given after a delay of a few seconds (e.g. Almor & 190 
Eimas, 2008; Spalek, Gotzner & Wartenburger 2014). Authors in the field argue that these results reflect 191 
the interaction of focusing with two separate memory systems: Working Memory (WM) and Long-Term 192 
Memory (LTM). WM is the cognitive system responsible for storing, processing and manipulating 193 
information needed for a given cognitive task for a limited period of time (Baddeley, 2003, 2009; Cowan, 194 
2008; Unsworth & Engle, 2007), while LTM is responsible for storing information over long periods of 195 
time (Baddeley, 2009; Cowan, 2008). 196 

Apart from issues related to the representation and accessibility of focus alternatives, the question of what 197 
constitutes this set has also been taken up by psycholinguistic research. 198 

As fleshed out by Gotzner (2017), there is a permissive and a restrictive view. The permissive view, based 199 
on Rooth (1992), claims that it is the context that serves to designate the alternative set, therefore, 200 
alternatives are selected based on pragmatic principles. On the other hand, the restrictive view claims that 201 
only those elements can constitute such a set that are semantically contrasted (Wagner, 2006). Consider 202 
example (2) (adopted from Wagner, 2006). 203 

(2) a.  He produces high-end convertibles. What did he bring as a present to the wedding?  204 
 b.  He brought a [cheap]Focus convertible. 205 
 c.  * He brought a [blue]Focus convertible. 206 

According to the restrictive view, since color has no relation to quality or cheapness, being blue (2c) cannot 207 
constitute an alternative to being high-end, as being cheap can (2b). In order to test the predictions of the 208 
permissive and restrictive views, Gotzner (2017) re-analyzed data from a lexical decision experiment 209 
(Gotzner, Wartenburger & Spalek, 2016) by categorizing the stimuli into two groups. In one group 210 
(replacement group) the unmentioned probe could be a potential replacement of the focused element in 211 
the test sentence (test sentence: He only bought jackets, related probe: trousers, unrelated but possible probe: 212 
lychees). The other group contained trials in which the unmentioned probe could not be a possible 213 
replacement of the focused element (test sentence: He only caught flies, unrelated and impossible probe: sofas). 214 
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Including the factor of Replacement in the analysis revealed that responses for semantically unrelated but 215 
possible replacements and unmentioned but semantically related items were equally fast leading to the 216 
conclusion that unrelated items can be a part of the set of alternatives if they are possible replacements.  217 

In a subsequent study Jördens et al. (2020) investigated the activation of contextually suitable but 218 
taxonomically different alternatives in a cross-modal priming paradigm experiment with probe recognition. 219 
Participants were presented with sentences (e.g. The farmer brought straw into the barn) in which either the 220 
element to be probed (i.e. prime word, e.g. straw) was marked for focus by accent or another element (e.g. 221 
farmer). Two types of probes were presented: one type was either a contextually related and potential focus 222 
alternative to the prime word (e.g. cow when straw is focused) or it was related to the sentence, but not a 223 
potential alternative (e.g. cow when farmer was in focus). The other probe type was both semantically 224 
unrelated and contextually inappropriate (e.g. elevators with respect to the example sentence above). The 225 
experimental task was to indicate whether the probe had appeared in the sentence. RT data revealed that 226 
participants were fastest responding to unrelated probes, most probably due to their marked deviation 227 
from the prime words. More interestingly, RTs measured for potential alternatives were faster than for 228 
inappropriate alternatives indicating a higher activation level for the former probe type. Thus, Jördens et 229 
al. (2020) concluded that the set of alternatives that focus generates is contextually determined. The 230 
findings of Gotzner (2017) and Jördens et al. (2020) support the permissive view of the generation of focus 231 
alternatives. 232 

Hypotheses derived from the accounts mentioned so far can be summed up as follows. Regarding the 233 
short-term effects of focus on the representation of the focused element, all accounts make the same claim: 234 
the representation of the focused element is enhanced. Hypotheses regarding the activation of focus 235 
alternatives do not entirely diverge either. The granularity account is not explicit regarding this question, 236 
however, it makes it possible to derive a hypothesis about alternatives: since the focused element has a 237 
finer grained representation (Fraundorf et al 2010), we can expect that semantically related alternatives may 238 
be rejected more readily. Note, however, that this is expected as a consequence of the high activation and 239 
detailed representation of the representation associated with the focused element itself. In contrast, the 240 
focus association account makes the explicit hypothesis that the representation of focus alternatives is 241 
enhanced. Furthermore, the permissive view on focus alternatives suggests similar activation levels for 242 
semantically and contextually related alternatives, while the restrictive view claims that facilitation should 243 
only be observed in the case of semantically related alternatives. 244 

As mentioned earlier, few studies have investigated the memory accessibility of the focused element and 245 
its alternatives when there is a delay before retrieval (when the task cannot be completed by involving only 246 
WM processes). With respect to such so-called long-term effects, theories on the representation of both 247 
the focused element and its alternatives diverge. Regarding the focused element, the granularity and 248 
contrast accounts hypothesize that its representation is enhanced, while the identification and focus 249 
association accounts do not make any specific claim on this matter. Note that when testing the 250 
identification account, Almor & Eimas (2008) found an adverse effect which was explained in terms of the 251 
repeated name penalty. The repeated name penalty is an adverse effect on processing that occurs when a 252 
referring NP is repeated in consecutive sentences. It does not occur when an anaphor is used in the second 253 
sentence. Since in our experiment there were no repeated names, this explanation is irrelevant here. Note 254 
also that although the focus association account does not make any specific claim about the representation 255 
of the focused element, testing this account, Spalek, Gotzner & Wartenburger (2014) found no facilitation 256 
in the case of German focus particles nur (only) and sogar (even). 257 

Regarding focus alternatives, the identification account along with the granularity account does not make 258 
a claim regarding the activation level of these items. On the other hand, the contrast and focus association 259 
accounts claim that there is an enhancement in the representation of alternatives. 260 
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1.3 The Hungarian pre-verbal focus 261 

In Hungarian, focus is simultaneously marked syntactically and prosodically. As exemplified in (3a), the 262 
focused element is situated pre-verbally while if present, the verbal modifier (VM) occupies a post-verbal 263 
position. Also, the focused element carries a so-called eradicating stress, i.e. it bears the most prominent 264 
sentential stress deleting all consecutive stresses within the following sentential domain (Kornai & Kálmán, 265 
1988). Since the pre-verbal position exemplified in (3a) is strictly associated with focus, we will refer to this 266 
sentence type as pre-verbal focus (preVf). In focusless, neutral sentences such as (3b), however, it is the 267 
VM that occupies the pre-verbal position, while the element corresponding to focus in (3a) sits in a neutral 268 
post-verbal position.  269 

(3)  a. Miki [egy ’tányért]Focus rakott be a szekrénybe. 270 
  Mike [a plate]Focus put intoVM the cupboard-in  271 
  Miki put a plate in the cupboard. 272 
 b. Mike be-rakott egy tányért a szekrénybe. 273 
  Miki intoVM-put a plate the cupboard-in 274 
  Mike put a plate in the cupboard. 275 

The function of identification and highlighting, as well as the function of evoking alternatives have also 276 
been discussed with respect to preVf in the theoretical literature.  277 

Concerning the foregrounding or highlighting function of focus, Brassai made influential observations 278 
already in the middle of the nineteenth century. The author divided the sentence into two parts and claimed 279 
that the elements in the part that we today identify as focus “practically lay a basis for the meaning of the 280 
sentence in the listener’s mind, i.e., they are calling attention, and pointing forward, connecting the mental 281 
activity of the listener with that of the speaker” (1860, pp 341; translation by É. Kiss 2008, pp 55). This 282 
psychological and functional definition is especially appealing, since it is exactly in line with the literature 283 
on the attention capturing properties of focus. 284 

Regarding the function of evoking an alternative set, Kenesei (2006), in the vein of alternative semantics 285 
of Rooth (1985) and Roberts (1998), proposes that preVf selects a proper subset of a contextually available 286 
set, therefore inevitably creating a complementary set containing focus alternatives. The author adds that 287 
as a consequence of this property, preVf is necessarily contrastive. Other authors take a more permissive 288 
approach regarding the contrastive nature of preVf, and claim that it is only contrastive if it operates on a 289 
closed set of (contextually defined) elements (É. Kiss, 1998). This stance is compatible with the more 290 
general formulation of the contrastive function of focus by Krifka (2008), who claims that contrast is only 291 
present if the alternatives are directly mentioned and contrasted in a corrective or additive way. 292 

One empirical work studied the relation of preVf and its function of evoking sets. Káldi et al. (2020a) 293 
examined the contextual effects that trigger the use of preVf in a semi-guided production study. Results 294 
revealed that preVf is produced reliably in contexts that contain an explicit or implicit set of focus 295 
alternatives. Contexts that lack such a set do not reliably trigger the sentence type at hand. The authors 296 
conclude that the alternative semantics definition of focus (Krifka, 2008; Rooth, 1985, 1992) is also 297 
applicable to preVf. 298 

Taken together, it has been proposed that preVf has the properties that have also been described by more 299 
general treatments of focus: it serves to identify, highlight, and in certain contexts, contrast information. 300 

As stated earlier, the aims of the present work are three-fold. The first aim is to gain further insight into 301 
the focus representation accounts. The secondary aim is to investigate the accessibility and representation 302 
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of focused elements and its alternatives in the case of the Hungarian preVf. We investigated the issue in a 303 
WM task, and in a task that does not measure WM performance, such as a delayed recognition memory 304 
task. The tertiary aim pertains to the debate between the restrictive and permissive view of focus 305 
alternatives and amounts to investigating what can potentially belong to the alternative set evoked by preVf. 306 

To investigate WM processes, we assessed immediate recognition memory performance in Experiment 1. 307 

This task required not only the storage but also the manipulation of WM representations; therefore, we 308 

refer to this paradigm as a Working Memory task instead of a short-term memory task (see e.g., Daneman 309 

& Carpenter, 1980). The aim of Experiment 2 was to assess the accessibility of memory representations 310 

with a delay before retrieval when participants are prevented from relying on WM processes. Since we did 311 

not aim to investigate long-term forgetting, following the tradition of experimental psychological research 312 

(see e.g. Tulving, 1983; and psycholinguistic research, see e.g. Spalek, Gotzner & Wartenburger 2014), we 313 

did not use a delay of days or even weeks between study and test, but a delay of a few minutes. During a 314 

delay participants are likely to keep repeating the verbal stimuli, and hence keep this information in WM 315 

(Cowan, 2008). To eliminate the possible effect of such rote rehearsal on memory performance (see e.g., 316 

McCabe, 2008), participants were asked to complete a non-interfering visual task with no memory 317 

component during this short delay. 318 

2 Experiment 1 319 

2.1 Predictions 320 

Experiment 1 tested the potential effects of preVf on the accessibility and representation of focused 321 
elements and their alternatives using a probe recognition task in WM: participants were presented with 322 
stories in which we embedded a preVf containing sentence (PreVf sentence condition) or its focusless 323 
neutral counterpart (Neutral sentence condition). Immediately after each story, a probe sentence was 324 
presented to test the critical sentence. Three types of probes were used: i) the probe was the same as the 325 
critical sentence in the story (Same probe condition), ii) the focused word (or the corresponding word in 326 
the neutral sentence) was replaced by a semantically related word (Semantically related probe condition), 327 
or iii) the focused word (or the corresponding word in the neutral sentence) was replaced by a semantically 328 
unrelated, but contextually suitable word (Contextually related probe condition). Conditions ii) and iii) will 329 
be collectively referred to as Different probe conditions. 330 

The variables of interest were response latencies (which we will refer to as RT for reasons of convenience) 331 
and accuracy (i.e. rates of correct acceptance and rejection). In line with the probe recognition literature 332 
(see e.g. Sturt et al. 2004, Sanford et al. 2006, Jördens et al. 2020), these variables are taken as correlates of 333 
activation level. Also, RTs and correct rejection rates are a measure of relatedness in the Different probe 334 
conditions, since items which bear no semantic (or any other) relation to the critical item, i.e. those that 335 
are completely unrelated, are expected to be rejected highly accurately and fast compared to those which 336 
are in closer relation to the critical item. For this reason, results in RTs and correct rejection will show how 337 
the relatedness effect is modulated by activation level due to sentence type. 338 

Regarding the Same probe conditions, we formulated our predictions as follows. Since all focus 339 
representation accounts claim that the representation of the focused element is enhanced relative to the 340 
non-focused elements, we predicted higher accuracy rates and lower RTs in the PreVf sentence condition 341 
relative to the Neutral sentence condition. 342 
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The Different probe conditions were introduced to test the predictions of the various focus representation 343 
accounts regarding alternatives. In terms of our dependent variables, the predictions derivable from the 344 
various accounts are formulated as follows. Regarding the semantically related alternatives, the granularity 345 
account suggests that alternatives of focused elements should be rejected faster and at a higher rate than 346 
items associated with non-focused elements. However, such patterns are not the consequence of a higher 347 
activation for focus alternatives, but are the result of a more fine grained representation of the focused 348 
element which even close associates are discriminated against. In contrast, the focus association account, 349 
whose point of departure is the claim that the function of focus is to indicate the presence of alternatives 350 
(see Krifka 2008 and Gotzner 2017), explicitly predicts higher activation of focus alternatives. Thus, based 351 
on this account, we would expect to see faster reaction times and a higher rate of correct rejections of 352 
semantically related probes in the case of preVf sentences, than in the case of neutral sentences. Altogether, 353 
the predictions for the RTs and rejections of semantically related alternatives in the case of immediate 354 
recognition do not differ for the granularity and focus association theories, since these both suggest faster 355 
RTs and a higher correct rejection rate in the case of focus, albeit for different reasons. However, we will 356 
see that the predictions diverge for the delayed recognition experiment. 357 

The Semantically related probe and the Contextually related probe conditions were introduced to test the 358 
predictions of the restrictive and permissive accounts of focus alternatives. As stated earlier, the restrictive 359 
view of focus alternatives suggests that focus activates semantic associates, while the permissive view 360 
claims that contextually suitable alternatives should also be activated even if they are not semantic 361 
associates. Along these lines, the restrictive view predicts that in the case of preVf, RTs should be faster 362 
and the rate of correct rejections should be higher only for the semantically related probes but not for the 363 
contextually suitable (but semantically unrelated) probes, since only semantically related focus alternatives 364 
should receive higher activation. On the contrary, the permissive view predicts that probes containing 365 
contextually suitable alternatives should also be responded to faster and should be rejected correctly at a 366 
higher rate in the case of preVf sentences. Thus, if the permissive view and the focus association account 367 
are correct, we expect to observe higher accuracy rates and faster responses in the PreVf sentence condition 368 
irrespective of the probe type. 369 

The predictions will be tested using mixed effects models in which trial and participant will be included as 370 
random effects. The analysis will be carried out as outlined in Mirman (2014) and Bates et al (2015). 371 

2.2 Method 372 

2.2.1 Participants 373 

Sample size for both Experiment 1 and 2 was determined based on previous work (e.g. Fraundorf, Watson, 374 
& Benjamin, 2010; Gotzner, Spalek, & Wartenburger, 2013). Forty undergraduate students recruited from 375 
the Budapest University of Technology and Economics participated in the experiment for course credit 376 
(27 females, Mage = 21.4 years, SD = 2.1). All participants in the experiments outlined in the present paper 377 
provided informed consent approved by the Hungarian United Ethical Review Committee for Research 378 
in Psychology. The study was carried out in accordance with the Code of Ethics of the World Medical 379 
Association (Declaration of Helsinki) for experiments involving humans. Participants in both experiments 380 
were native speakers of Hungarian and had normal vision or vision corrected-to-normal. Subjects had no 381 
history of psychiatric or neurological disorders. 382 

2.2.2 Materials 383 

The stimuli for the experiment were recorded in a sound treated room by a professional speaker. The 384 
speaker was asked to produce the linguistic material in a natural story-telling manner.  385 
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During the experiment, 36 experimental trials and 36 filler trials were presented auditorily. All trials 386 
contained a five-sentence story and a probe sentence with a 500 ms delay between the presentation of the 387 
story and the probe. An example of one experimental trial is provided in Table 1. 388 

Stimulus 
Sentence- 
condition 

Probe- 

condition 
Example 

Story 

 
 
 
 
PreVf: 
or 
Neutral: 

A házibuli után Annára és Mikire hárult az elpakolás feladata. 
‘After the party Ann and Mike undertook the work of tidying up.’ 
Rendeztek mindent, ami a kezük ügyébe került. 
‘They created order everywhere they went.’ 
A konyhában is volt teendő elég. 
‘There was a lot to do in the kitchen, as well.’ 
Miki [egy tányért]Focus rakott be a szekrénybe. 
‘Mike put [a plate]Focus in the cupboard.’ 
Miki berakott [egy tányért] a szekrénybe. 
‘Mike put [a plate] in the cupboard.’ 
Aztán tovább sietett, és a bútorokat rendezgette. 
‘Then he hurried on to arrange the furniture.’ 

Probe 

PreVf 

Same Miki [egy tányért]Focus rakott be a szekrénybe. 

Sem.-rel. Miki [egy edényt]Focus rakott be a szekrénybe. (plate replaced with pot) 

Cont.-rel. 
Miki [egy dobozt]Focus rakott be a szekrénybe. (plate replaced with 
box) 

Neutral 

Same Miki berakott [egy tányért] a szekrénybe. 

Sem.-rel. Miki berakott [egy edényt] a szekrénybe. (plate replaced with pot) 

Cont.-rel. Miki berakott [egy dobozt] a szekrénybe. (plate replaced with box) 

Table 1. Conditions and examples. Critical NPs are in square brackets.  389 
(Sem.-rel.: Semantically related, Cont.-rel.: Contextually related) 390 

In experimental trials, the story contained either a preVf (PreVf sentence condition) or a neutral critical 391 
sentence (Neutral sentence condition). The critical sentences were either six or seven words long (Mwords = 392 
6.8, SD = 0.4), while the length of the stories varied between 39 and 43 words (Mwords = 41.1, SD = 1.9). 393 
Each critical sentence contained a target word, which was the grammatical object of the sentence: an 394 
indefinite noun phrase (NP) in pre-verbal position in the PreVf sentence condition and in post-verbal 395 
position in the Neutral sentence condition. The critical sentence was the second, third or fourth sentence 396 
within the story. We varied the position of the critical sentence within the stories in order to eliminate 397 
potential confounds resulting from learning or practice effects: if the to-be-probed sentence was always in 398 
the same position within the stories, participants might develop an intuition about which sentence would 399 
be probed and might allocate extra attention to those sentences. The critical sentences were presented in 400 
the second, third and fourth positions in an equal proportion of trials. Critical sentences never came first 401 
or last for two reasons. First, we wished to control for potential primacy and recency effects (Postman & 402 
Phillips 1965). Second, it has been shown by Glenberg et al. (1987) that including a sentence between the 403 
critical sentence in the encoding phase and the probe sentence in the test phase allows sufficient time for 404 
a discourse representation to build up. Since in Experiment 1 probes immediately followed the stories, it 405 
was advisable to include at least one additional sentence intervening between the critical sentence and the 406 
probe. 407 

Since sentences of two different information structure types (preVf and neutral) were presented in the 408 
same stories, the question arises whether these sentences differed in acceptability in their respective 409 
contexts. In order to ascertain that our results would not be confounded by different degrees of 410 
acceptability between the two sentence conditions, we conducted an online survey. In the trials of the 411 
survey, participants simultaneously read and heard the stories. In each story, the critical sentence was set 412 
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in bold typeface. Participants rated the naturalness of these sentences using a 10-point Likert scale: value 413 
1 corresponded to completely natural, while 10 corresponded to completely unnatural. Participants 414 
responded by clicking the numbers on the scale. We created two lists in order to eliminate the potential 415 
confounds resulting from presenting the same stories with both sentence types within one story: if the 416 
critical sentence was a preVf sentence in one story in one of the lists, this story contained its neutral 417 
counterpart in the other list. All 36 stories were presented together with 36 filler trials. In the filler trials 418 
the second, third, and fourth sentences were tested in an equal proportion, just as in the case of the test 419 
trials. Test and filler trials were presented in a randomized order. 39 university students took part in the 420 
survey (38 females, Mage = 20.7 years, SD = 1.2) for course credit. Participants were assigned to the lists 421 
randomly. 422 

Results of the survey showed that the mean rating of preVf sentences was 3.028 (SD = 0.798), while the 423 
mean rating of neutral sentences was 3.027 (SD = 0.799). In order to test the hypothesis that the ratings 424 
of the two sentence types did not differ significantly, we built a Linear Mixed Effects Model using Sentence 425 
Type as fixed factor, and random intercept for Participant and Item. Models were built using the 1.1-21 426 
version of the lme4 package (Bates, Maechler, Bolker, & Walker, 2015). Running the model revealed that 427 
the variances in the data were close to zero (i.e. the model resulted in a singular fit), and therefore the 428 
model could not be built. In order to establish whether using a different distribution should lead to a better 429 
model, we used the fitdistrplus R package by Delignette-Muller & Dutang (2015) to estimate the 430 
distribution of our data. The analysis revealed a platykurtic distribution unsuitable for analysis by Mixed 431 
Models. For this reason, we resorted to using the Wilcoxon Signed-Rank Test (using the coin R package 432 
by Hothorn, et al. 2006) which showed that the naturalness ratings of the two sentence types did not differ 433 
significantly (Z = 0.160, p = .873). Thus, we concluded that both sentence types fit the stories naturally, 434 
and potential confounds resulting from the use of unnatural linguistic stimuli could be eliminated. 435 

Probe sentences were presented in three conditions: in the Same probe condition the probe was identical 436 
to the critical sentence; in the Semantically related probe condition the target NP was replaced by a 437 
semantically related word (e.g. plate replaced by pot for the example in Table 1); and in the Contextually 438 
related probe condition the target NP was replaced by a word that was contextually plausible but 439 
semantically unrelated to the target word (e.g. plate replaced by box). Probe sentences were recorded as 440 
whole. In other words, instead of splicing the critical words into the sentences, we made three recordings 441 
for each sentence type for the three conditions. This was done so that the prosodic characteristics of the 442 
preVf and neutral sentence type could be preserved, and thus the probe sentences sounded natural.  443 

Using corpus data (the Hungarian National Corpus of 1.04 billion words, Oravecz et al. 2014), we matched 444 
the frequencies of words used as target in the critical and probe sentences: a comparison revealed that 445 
there was no significant difference between the words in the three conditions (Same, Semantically related, 446 
and Contextually related probe conditions), F(2, 107) = 0.705, p = .496. Also, the lengths of these words 447 
were controlled: we used nouns with lengths of two or three syllables in their accusative case. Within trials, 448 
word forms of the same number of syllables were used. 449 

The structure of the 36 filler trials was identical to those of the critical trials: each contained a five-sentence 450 
story and a probe. Half of the probes were identical to one of the sentences in the story while the other 451 
half contained a change. The position of the probed sentence within the stories was also balanced in the 452 
fillers. None of the filler sentences had a preVf structure, and no replacements in filler probes involved 453 
the object NP. 454 
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2.2.3 Procedure 455 

The experiments presented in the current paper were programmed with Matlab R2014a using the 456 
Psychtoolbox version 3.0 (Brainard, 1997; Pelli, 1997; Kleiner, Brainard, Pelli 2007). 457 

After filling in the consent form, participants were seated in front of a computer screen with headphones 458 
on and were given instructions. They were informed that the probes would occasionally contain some 459 
change, therefore they were requested to pay special attention to all aspects of the stories and give their 460 
response as accurately and as fast as possible. Thus, the encoding was intentional, as subjects were required 461 
to memorize the stories. Participants responded by button presses corresponding to the following 462 
instruction: If the sentence you just heard is identical to any of the sentences in the previous story, press 463 
‘yes’, if you detect any change, press ‘no’. Practice trials were not included, since as a consequence of the 464 
block structure (i.e. all blocks started with a filler) no experiment started with a critical trial. One trial was 465 
sufficient for participants to understand the experimental task. 466 

Each item appeared in only one condition for each participant. The structure of one trial was as follows: a 467 
fixation cross appeared on the screen, and the story was presented auditorily. The fixation cross appeared 468 
at the onset of the story and remained on the screen until its end. Following the story, a black question 469 
mark appeared in the place of the fixation cross and the probe sentence was presented. Both the 470 
presentation of the story and the probe sentence were preceded by a 500-ms inter-stimulus interval. When 471 
the probe sentence ended, the question mark turned green and the participant could press the button 472 
corresponding to their response. Participants were encouraged to respond as quickly and as accurately as 473 
they could. Maximally 8 seconds were allowed for responses to be made. Trials were presented in six 474 
blocks, and each block contained twelve trials. The allocation of trials to the blocks was randomized, as 475 
well as their order within the blocks with one constraint: the first and last stories of each block were fillers. 476 
Between the blocks, participants played a visual game on a tablet for two minutes to eliminate the possible 477 
effect of rote rehearsal on memory and to circumvent fatigue effects. The average duration of a recording 478 
session was 60 minutes. 479 

2.3 Results 480 

All analyses presented in the current paper were carried out in R version 3.5.3 using the 1.1-21 version of 481 
the lme4 package (Bates, Maechler, Bolker, & Walker, 2015). Data obtained in the Same and Different 482 
probe conditions were analyzed separately for reasons outlined in the Predictions section. 483 

Looking at the Same probe condition, response accuracies were fairly high in both sentence conditions (M 484 
= 82.9%, SD = 16.7 for neutral sentences, M = 86.60%, SD = 15.2 for preVf sentences). In order to test 485 
our predictions regarding this measure in the Same probe condition, we built generalized linear mixed 486 
effect models to predict Accuracy using the binomial distribution in successive steps (Bates et al 2015). 487 
First, a base model was built with an Intercept and then a model with Sentence Type as predictor. Random 488 
effects included random intercept for trial and random intercept for participant. A likelihood ratio test 489 
comparing the two models did not show an improvement in fit (χ2(1) = 1.126, p = .289). Thus, contrary 490 
to our expectations, Accuracy in the Same probe condition did not differ significantly between the two 491 
sentence types. 492 

RT data from the Same probe condition is presented in Figure 1. 493 
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 494 

Figure 1. RTs in the Same-conditions in Experiment 1.  495 
Error bars indicate the standard error of the mean. 496 

As a next step, we analyzed RT data obtained in the Same probe condition. Trials in which participants 497 
gave incorrect responses were excluded from the analysis of RT (15.3 %). We fitted mixed effects 498 
regression models to the data in two successive steps. First, an intercept-only base model was built, second, 499 
Sentence Type was added as predictor. The random effect structure for the models was random intercept 500 
for Participant and random intercept for Trial. Addition of further random effects resulted in non-501 
convergence of the models. The comparison of the two models was carried out using the likelihood ratio 502 
test, which showed a significant improvement in fit by the addition of Sentence Type (χ2(1) = 9.388, p = 503 
.002) revealing that participants responded faster in the PreVf sentence condition than in the Neutral 504 
sentence condition. The model including the predictor Sentence Type and its parameter estimates are 505 
presented in Table 3. 506 

RT ~ sentence_type + 
 (1 | Participant) + 
 (1 | Trial) 
 Estimate Std. Error df t p 

Intercept 1087.631 98.040 74.078 11.094 0.000 
Sentence type_ preVf -293.640 95.049 359.749 -3.089 0.002 

Table 3. The best fitting model and its parameter estimates predicting RT in the same condition. 507 

Accuracy rates in the Different probe conditions are presented in Figure 2. 508 
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 509 

Figure 2. Accuracy rates in the Different probe conditions in Experiment 1.  510 
Error bars indicate the standard error of the mean. 511 

Accuracy in the Different probe conditions was analyzed using logistic mixed effects models with binomial 512 

distribution. The predictors Sentence type and Probe type were contrast coded using the effects R package 513 

by Fox (2019). The random effect structure was random intercept for participant and random intercept 514 

for trial. Models were built in successive steps by adding fixed effects to an intercept only base model. 515 

Addition of Probe Type resulted in a better fit (χ2(1) = 30.827, p < .001) showing better performance in 516 

the case of contextually related probes, while the inclusion of Sentence Type missed the level of 517 

significance (χ2(1) = 3.499, p = .061) in the improvement of model fit. Adding the interaction term Sentence 518 

Type × Probe Type did not improve fit (χ2(1) = 0.389, p = .533). The specification and parameter estimates 519 

of the best fitting model are presented in Table 4. 520 

accuracy ~ probe_type + sentence_type + 
 (1 | Participant) + 
 (1 | Trial), family = binomial 

 Estimate Std. Error z p 
Intercept 2.547 0.209 12.171 < .001 
Probe type 0.660 0.126 5.225 < .001 
Sentence type -0.212 0.114 -1.856 .063 

Table 4. The specification and parameter estimates of the best fitting model predicting accuracy in the 521 
Different probe conditions in Experiment 1. 522 

Finally, we analyzed the RTs of correct rejections in the Different probe conditions (PreVf - semantically 523 
related: MRT = 893.535(1118.442), contextually related: MRT = 555.387(565.020); Neutral - semantically 524 
related: MRT = 912.105(1002.323), contextually related: MRT = 683.562(789.095)). We included Probe Type 525 
and Sentence Type as contrast coded predictors in the statistical analysis. The random effect structure of 526 
the models was random intercept for participant and random intercept for trial. First, a base model was 527 
built and the two predictors were added in two successive steps. Models were compared using the 528 
likelihood ratio test. Addition of Probe Type resulted in a better fit (χ2(1) = 11.394, p < .001), showing 529 
faster RTs for the contextually related probes. However, the inclusion of Sentence Type did not result in 530 
a better fit (χ2(1) = 1.982, p = .159) indicating that sentence type did not have an effect on RTs. 531 

 532 
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2.4 Discussion 533 

Experiment 1 investigated the memory accessibility and representation of the focused element and its 534 
alternatives in the case of preVf in WM. Regarding the accessibility of the focused element, accuracy (i.e., 535 
correct responses on the immediate recognition memory test) did not indicate an advantage. However, RT 536 
did show that preVf had a facilitative effect. Despite the lack of advantage in the case of accuracy, we 537 
conclude that RT alone shows the facilitatory effect of focus on the accessibility of the critical element, 538 
since this measure is a correlate of the durations of processes (or stages) that take place when the correct 539 
recognition of an item occurs (Sternberg, 1969). The discrepancy between accuracy and RT may be 540 
attributable to the difference in the sensitivity of these measures of memory accessibility. Furthermore, the 541 
reason we did not find an effect in terms of detection rates found by for example Sturt et al. (2004) and 542 
Sanford et al. (2006) may be a methodological one: while these authors used three-sentence texts, we used 543 
five-sentence stories which may have made the experimental task used in our investigation more difficult. 544 
Since, as mentioned above, accuracy is a less sensitive measure regarding accessibility than RT, accuracy 545 
did not show a difference in this more difficult task. This assumption needs to be addressed in later work. 546 

Regarding the different conditions, it has been found that relatedness has an effect: overall, contextually 547 
suitable but semantically unrelated alternatives were better recognized than semantically related 548 
alternatives. This is an expected result, since the difference between semantically unrelated items is more 549 
salient irrespective of context and sentence type. No statistically reliable difference has been found, 550 
however, between the two sentence types in the rejection rates of different probes, i.e., the data provide 551 
no support for the focus association account, which claims that focus leads to the relatively higher 552 
activation of alternatives. Nevertheless, the close to significant effect indicates that this activation may be 553 
higher which may have remained undetected due to methodological reasons. This suggestion will be 554 
addressed in the General Discussion section, and it will be shown that there is indirect evidence for the 555 
higher activation of focus alternatives compared to non-focused ones. Since the effect of preVf on the 556 
activation of alternatives was not detected in Experiment 1, our results are also inconclusive regarding the 557 
restrictive versus the permissive accounts of focus alternatives. In future work, methodological 558 
improvement is needed to address this question. 559 

As far as RT is concerned, we found an effect of probe type: participants responded to probes containing 560 
a semantically unrelated but contextually suitable alternative faster than to probes with semantically related 561 
alternatives. We believe that the observed difference in RT is also attributable to the relatedness effect 562 
discussed above. However, contrary to our predictions, sentence type did not have an effect, that is, 563 
participants responded to both probe types similarly fast. 564 

3 Experiment 2 565 

The purpose of Experiment 2 was to test the predictions of the different focus representation accounts 566 
regarding delayed recognition, i.e. when an individual is not able to rely on WM processes for maintaining 567 
information. For this reason, the stories were presented in blocks, and probes were presented after the 568 
stories with a delay (for a similar method, see Spalek. Gotzner & Wartenburger 2014). 569 

3.1 Predictions 570 

As in the case of Experiment 1, we made predictions regarding accuracy rates and RTs. As far as the 571 
accessibility of the focused element is concerned (i.e. Same probe condition), the granularity account and 572 
the contrast account both predict an enhancement in the accessibility of the focused element. Therefore, 573 
if either one of these theories is tenable, we should see an advantage of preVf sentences which should be 574 
manifest in higher accuracy rates and lower RTs relative to the Neutral sentence condition. Additionally, 575 
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the focus association hypothesis makes no specific prediction but when testing this account, Spalek, 576 
Gotzner & Wartenburger (2014) found no effect for the German particles nur (only) and sogar (even). 577 

Regarding the accuracy rates in the Different probe conditions, the granularity account does not make a 578 
prediction regarding the accessibility of focus alternatives. On the other hand, the contrast account predicts 579 
an enhancement in the accessibility of mentioned contrastive alternatives, but not for unmentioned 580 
alternatives (Fraundorf et al. 2010). Since we did not use mentioned alternatives in our context stories, the 581 
contrast account predicts no effect of focus on the correct rejection of the different probes. At the same 582 
time, the focus association account predicts that interference should occur: since focus alternatives (which 583 
can be either mentioned or unmentioned) receive a higher activation in WM, we should see an interference 584 
after a delay. Such an effect is expected, as representations of similar semantic content have been shown 585 
to interfere (Baddeley & Dale 1966; see also Baddeley 2009, Baddeley, Eysenck & Anderson 2020) when 586 
there is a delay before the retrieval of memory elements. In terms of our dependent variables, this translates 587 
as higher RT and a lower correct rejection rate in the PreVf sentence condition relative to the Neutral 588 
sentence condition for the different probes. 589 

Just as in the case of Experiment 1, the predictions will be tested using mixed effects models in which trial 590 
and participant will be included as random effects. The analysis will be carried out as outlined in Mirman 591 
(2014) and Bates et al (2015).  592 

3.2 Method 593 

3.2.1 Participants 594 

Forty undergraduate students recruited from the Budapest University of Technology and Economics 595 
participated in the experiment for course credit (34 female, Mage = 23.0, SD = 1.8).  596 

3.2.2 Materials 597 

The stimulus set used in Experiment 2 was identical to the one used in Experiment 1. 598 

3.2.3 Procedure 599 

The experimental design and the procedure were identical in Experiments 1 and 2 with only one crucial 600 
modification. While the presentation of a story was always immediately followed by the presentation of a 601 
probe in Experiment 1, probes were presented at the end of each block in Experiment 2. Each item only 602 
appeared in one condition. The experiment consisted of twelve blocks, each containing six trials. The 603 
allocation of trials to the blocks was randomized, as well as their order within the blocks. The structure of 604 
the blocks in Experiment 2 was as follows: first, a set of six stories (with 500 ms delays between each) was 605 
presented followed by a 2-minute delay. During the 2-minute delay participants played a visual game on a 606 
tablet in order to eliminate the effect of rote rehearsal on memory retention. After the game, participants 607 
returned to the computer and were presented a series of probes. The order of the probes corresponding 608 
to the stories was identical to the order of the stories. As in Experiment 1, participants saw a black question 609 
mark during the probe. When the probe sentence ended, the question mark turned green, and the 610 
participant could give their response. The experimental task was the same as in Experiment 1: participants 611 
were asked to respond by button presses corresponding to the following instruction: If the sentence you 612 
just heard is identical to any of the sentences in any of the stories you heard in the previous set of stories, 613 
press ‘yes’, if you detect any change, press ‘no’. Participants were allowed a maximum of 8 seconds to 614 
respond. The duration of one experimental session was approximately 60 minutes. 615 

 616 
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3.3 Results 617 

As in the case of Experiment 1, data obtained in the Same and Different probe conditions were analyzed 618 
separately. 619 

First, we carried out a statistical analysis of the accuracy rates in the Same probe condition. The same 620 
procedure was followed as in the case of Experiment 1: a base model with Intercept and a model with 621 
Sentence Type as predictor was built. Comparison of the two models did not reveal an improvement in fit 622 
(χ2(1) = 3.075, p = .08), showing that Sentence Type had no effect on Accuracy in the same-condition. 623 
Note, however, that the difference between the two sentence types suggests a tendency in the opposite of 624 
the predicted direction: 63.33% (SD = 20.74) for preVf sentences and 71.25% (SD = 23.56) for neutral 625 
sentences. 626 

After the exclusion of trials in which participants gave incorrect responses (32.71 %), RT data from the 627 
Same probe condition were analyzed using mixed effects models with random intercept for Participant 628 
and random intercept for Trial as random effects. First, a base model with Intercept as predictor was built 629 
to which we added Sentence Type as predictor. The likelihood ratio test showed no significant 630 
improvement in model fit for sentence type (χ2(1) = 1.678, p = .195) meaning that response latencies for 631 
the two sentence types did not differ significantly. RT data are presented in Figure 3. 632 

 633 

Figure 3. Response latencies in the same-condition in Experiment 2.  634 
Error bars indicate the standard error of the mean. 635 

Accuracy data obtained in the Different probe conditions are presented in Figure 4. 636 
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 637 

Figure 4. Accuracy rates in the Different probe conditions in Experiment 2.  638 
Error bars indicate the standard error of the mean. 639 

We built logistic mixed effects models using binomial distribution to analyze Accuracy in the Different 640 
probe conditions. The predictors Sentence type and Probe type were contrast coded using the effects R 641 
package by Fox (2019). Random factors included random intercept for Participant and random intercept 642 
for Trial. Addition of further random factors led to non-convergence. Models were successively built by 643 
adding fixed effects to an intercept only base model. Addition of Probe Type resulted in a better fit (χ2(1) 644 
= 15.266, p < .001) showing worse performance in the case of semantically related probes, and crucially, 645 
so did addition of Sentence Type (χ2(1) = 6.794, p = .01) indicating that participants’ memory performance 646 
was worse in the PreVf sentence condition. However, inclusion of the Probe Type × Sentence Type 647 
interaction term did not improve fit (χ2(1) =.134, p = .714). 648 

accuracy ~ probe_type + sentence_type + 
 (1 | Participant) + 
 (1 | Trial), family = binomial 

 Estimate Std. Error z p 
Intercept 1.858 0.209 8.887 < .001 
Probe type 0.360 0.091 3.932 < .001 
Sentence type 0.399 0.147 2.707 .007 

Table 6. The specification and parameter estimates of the best fitting model predicting accuracy in the 649 
Different probe conditions in Experiment 2. 650 

As a final step, we analyzed RTs of the correct rejections in the Different probe conditions (PreVf - 651 
semantically related: MRT = 997.130(1147.003), contextually related: MRT = 975.848(1194.569); Neutral - 652 
semantically related: MRT = 879.031(916.145), contextually related: MRT = 916.259(923.020)). In the 653 
statistical analysis, we included Probe Type and Sentence Type as contrast coded predictors. The random 654 
effect structure of the models was random intercept for participant and random intercept for trial. First, a 655 
base model was built and the two predictors were added in two successive steps. Models were compared 656 
using the likelihood ratio test. Addition of Probe Type did not result in a better fit (χ2(1) = 0.078, p = .779), 657 
and neither did the inclusion of Sentence Type (χ2(1) = 0.024, p = .878) indicating that none of the two 658 
predictors had an effect on RTs. 659 

 660 
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3.4 Discussion 661 

Experiment 2 investigated the memory accessibility and representation of the focused element and its 662 
alternatives in the case of preVf as measured by response accuracy and RTs of correct responses on a 663 
delayed recognition memory test. In delayed recognition memory tests we assume that participants are not 664 
able to rely exclusively on processes for maintaining information in WM. Regarding the focused element, 665 
we found a tendency towards a difference in accuracy rates opposite of what we predicted: memory 666 
performance for focus seems to be worse than for neutral counterparts in delayed recognition. In the 667 
current framework this result is highly surprising, and it is very difficult to offer a non-speculative 668 
explanation, especially in the light of results on RT, which suggest that preVf may not have a facilitative 669 
effect in a delayed recognition memory task. Note again, however, that there may be some degree of 670 
ambiguity in the results, as the experiment contained only six trials in the given condition leading to an 671 
insufficient level of statistical power. Nevertheless, the results on accuracy and RT jointly suggest that the 672 
lack of facilitative effect in delayed recognition. Indeed, this finding is in line with the results of Spalek, 673 
Gotzner & Wartenburger (2014), which demonstrated that German focus particles (nur and sogar) had no 674 
facilitative effect on the recall of the focused elements themselves. A potential explanation as to why focus 675 
may indeed not have a facilitative effect will be offered in the General Discussion section. With respect to 676 
the alternatives (i.e. Different probe condition), the results show that the accuracy of rejections was overall 677 
lower for the preVf sentences than for the neutral sentences. This overall effect is a consequence of 678 
semantic interference (Baddeley, 1966; Baddeley 2009; Baddeley, Eysenck & Anderson 2020) and is in line 679 
with the predictions of the focus association account: Since the function of focus is to mark the presence 680 
of alternatives, not only the focused element but also its alternatives are activated. Following a delay, these 681 
activated elements interfere with each other, which is reflected in the deterioration of memory performance 682 
for these items. Also, as in Experiment 1, overall accuracy for semantically unrelated but contextually 683 
related alternatives was better than for semantically related alternatives. Just as previously, this was an 684 
expected result since the difference between semantically unrelated items is more salient than between 685 
semantically related ones. Regarding the restrictive and permissive views of focus alternatives, the lack of 686 
interaction does not enable us to adjudicate between the two accounts. Just as in the case of Experiment 687 
1, further refinement of methodology is needed to address the question of what constitutes the set of 688 
alternatives in the case of the Hungarian preVf. 689 

Similarly to Experiment 1, none of our predictions regarding RTs have been confirmed: we found no effect 690 
of probe type and no effect of sentence type. These results will be discussed jointly with the ones from 691 
Experiment 1 in the General Discussion section below. 692 

4 General discussion 693 

The current study investigated the representation and the accessibility of focused elements and their 694 
alternatives in the case of Hungarian pre-verbal focus (preVf) in two probe recognition experiments with 695 
no delay and with a two-minute delay between encoding and retrieval. The study investigated three main 696 
questions related to focus representation in WM, and the accessibility to these representations when one 697 
is not able to rely on processes for maintaining information in WM: i) the accessibility of the focused 698 
element, ii) the activation of the focus alternatives, and iii) the question of what constitutes the set of focus 699 
alternatives. In the following, our findings pertaining to these questions will be discussed. 700 

First, however, a note regarding the use of the preVf construction is due with relation to our research 701 
questions. As outlined earlier, focus in preVf is marked by two features: i) the inverted configuration of 702 
the verbal modifier (if there is one) and the verb with the focused element sitting immediately pre-verbally 703 
(a syntactic feature), and ii) the eradicating stress on the focused element (a prosodic feature). One could 704 
consider the objection that observing any memory-related effect in the case of this construction introduces 705 
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an indeterminacy regarding what can be inferred from the data: perhaps, prosody alone would produce the 706 
observed effects. However, this objection is hardly tenable, since the Hungarian structural focus is jointly 707 
characterized by the immediately pre-verbal position and the eradicating stress assigned to it, even if a 708 
verbal modifier is absent from the sentence. In other words, the focus type at hand has two central defining 709 
features and any study separately investigating the potential effects of these features would be questionable 710 
regarding its content validity. Furthermore, such an objection would render findings inconclusive also on 711 
clefts, since focus is also doubly marked in this type of construction, i.e. by syntax and prosody. Finally, 712 
since no work has been carried out addressing the issue of memory accessibility and representation of 713 
Hungarian focus so far, we decided to start investigating the construction that is the most representative 714 
example of Hungarian focus; namely, the pre-verbal focus as presented in (3a). 715 

With respect to the memory accessibility of the focused element in WM, our results are in line with findings 716 
in the international literature: response latencies revealed that the focused element is more readily accessible 717 
in memory. This finding supports the traditional theoretical and functional definitions (see e.g. Krifka, 718 
1992; Stechow, 1991) according to which focus highlights or foregrounds information, or, as Sanford 719 
(2006) phrased it, focus functions as an attention capturing device. 720 

We believe that this psychological effect is utilized in organizing discourse in a coherent and efficient way. 721 
For example, the relatively higher accessibility of focused elements may explain the observations made in 722 
the theoretical literature regarding “focused topics”. Such phenomena are called continuous-topic 723 
constructions, and have been observed in English (Prince 1978, Dikken 2013), German (Huber 2004), and 724 
also in Hungarian (Gécseg 2020). An example by Kayne (2014, p. 195) is given in (4). 725 

(4) A: Do you know Mary? 726 
 B: Yes, in fact it was [Mary] who/that I learned linguistics from in the first place. 727 

Note, that the clefted, i.e. syntactically focused element in B’s answer in (4) functions as topic: it encodes 728 
an entity that has been introduced into the discourse, and also this entity is the one about which the wh-729 
clause makes a statement. We posit that the reason why such so-called aboutness topics tend to be focused 730 
syntactically is that in this way they become more accessible in memory while discourse about the topic 731 
unfolds. This mechanism is thus key in efficiently managing discourse by locally enhancing the 732 
representation of the entity or entities that are central during an act of communication. Note also, that we 733 
found no advantage for the focused element after a delay which also suggests that this property of focus 734 
is used for relatively local purposes, such as discourse organization. This consideration is also supported 735 
by brain imaging results which have shown that the processing of focus containing sentences activates 736 
areas implicated in discourse processing (see e.g. Spalek & Oganian 2019).  737 

As far as the focus alternatives are concerned, Experiment 1 found no direct evidence for an increased 738 
activation in WM as measured by immediate recognition memory performance. However, it must be 739 
pointed out that the effect was close to significant, and that the observed accuracy rates showed a tendency 740 
in the predicted direction. One might argue that these results suggest that a higher activation of alternatives 741 
takes place, while the lack of significant results is a consequence of an insufficient amount of data. Note, 742 
however, the pattern of results obtained in the Different conditions in Experiment 2, may serve as 743 
independent evidence for the claim that focus indeed activates alternatives (just as the close to significant 744 
effect in Experiment 1 might also be indicative of this higher activation). We conjecture that the pattern 745 
of results in Experiment 2 is the consequence of semantic interference. The interference observed in the 746 
case of both probe types was most probably the result of a higher activation of both semantically related 747 
and contextually suitable alternatives upon the processing of the focus containing sentences. For this 748 
reason, we conclude that the results on the correct rejection rates obtained in the two experiments jointly 749 
corroborate the psychological reality of theoretical accounts capturing focusation in terms of evoking 750 
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alternatives (Rooth 1992, Krifka 2008). As far as the restrictive and permissive views on focus alternatives 751 
are concerned, however, our results are inconclusive. Thus, further research and a refinement of 752 
methodology is needed in order to adjudicate between the two views on what constitutes the set of 753 
alternatives. 754 

As far as response latencies of correct rejections in the WM task are concerned, we found that probes with 755 
semantically unrelated but contextually suitable alternatives were responded to faster than probes with 756 
semantically related alternatives. Additionally, no effect on response latencies was found for correct 757 
rejections in the delayed recognition memory task. It is highly likely that the effect of probe type in WM is 758 
associated with relatedness: since contextually related probes contained a semantically unrelated alternative, 759 
this probe type was more easily discriminable, which led to faster rejections. We speculate that the reason 760 
for why this effect was not observed in the delayed recognition memory is that our measurement was not 761 
sensitive enough for the measurement of such effects. Nevertheless, it is much more likely that there is no 762 
reliable link between response latencies associated with correct rejections and the activation strength of 763 
critical elements, as a number of different processes may be operative during a correct rejection in the tasks 764 
used in our experiments. These processes may for example be familiarity-based decisions or “recall-to-765 
reject” processes. Therefore, response latencies may reflect different processes in different trials and 766 
different participants within an experiment, making this measure unreliable. This might also be the reason 767 
for why we found no effect of sentence type on RT as opposed to accuracies of correct rejections. The 768 
investigation of these possibilities requires further experimentation. 769 

Before turning our attention to other aspects of our findings, let us discuss an alternative explanation of 770 
results also mentioned in section 2.4. According to this interpretation, the observed benefit of preVf on 771 
the correct rejection of alternatives in WM may have been the result of novelty instead of the generation 772 
of alternatives: perhaps, due to the attention controlling properties of focus, the focused elements had a 773 
higher activation, and consequently, the rejection of any element sitting in the focus position of the probe 774 
sentence may have been easier. If this was indeed the case, it is difficult to clearly understand why a worse 775 
performance was observed in the case of both probe types in the PreVf sentence condition in Experiment 776 
2: only those elements can interfere that gain some level of activation. 777 

Regarding the accessibility of focused elements in Experiment 2, as measured by delayed recognition 778 
memory performance (i.e. when one is not able to rely on WM processes), we found no reliable results.  779 
Accuracy results suggest a tendency in the opposite direction of what we predicted: memory performance 780 
seems to be worse for focus than for neutral sentences. However, we found no evidence for this effect in 781 
the RT data. As mentioned earlier, these results were not predicted by any of the focus representation 782 
accounts: while Fraundorf et al (2010) found a facilitative effect on the accessibility to prosodically focused 783 
elements, Birch & Garnsey (1995) and Almor & Eimas (2008) found an adverse effect for syntactically 784 
focused elements. There was, however, one study which showed that elements marked by the German 785 
focus particles nur (only) and sogar (even) were not retrieved at a higher rate than elements without these 786 
particles (Spalek, Gotzner & Wartenburger 2014). Since our results are inconclusive regarding the 787 
accessibility of focused element in delayed recognitions, the question should be investigated in future 788 
studies. 789 

One explanation for why there indeed may be a lack of enhancement in Experiment 2 is that the gist of 790 
the sentences is retained in memory for longer periods of time, while their exact syntactic realization is lost 791 
(see e.g. Sachs 1967, Johnson-Laird & Stevenson 1970, Samuel 1972, Flores D’Arcais 1974, Graesser & 792 
Mandler 1975, Gernsbacher 1985, Anderson et al 2001). In the above studies, gist is defined as the semantic 793 
representation of the sentence as opposed to the representation of its surface form, or more specifically, a 794 
representation which may, for instance, eliminate the distinction between an active and a passive sentence. 795 
In other words, gist is nothing more than the core meaning of a sentence (Anderson et al. 2001). In the 796 
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case of preVf and neutral sentences used in our experiments, it is reasonable to assume that the gist of 797 
these sentences was equivalent to the relation that they expressed between the subject and object 798 
determined or modified by the adverb. For example, in the case of the sentence Miki [egy tányért]Foc rakott 799 
be a szekrénybe (~ Mike put [a plate]Foc in the cupboard), the gist is the relationship between the plate and Mike 800 
such that the former was put into the cupboard by the latter. However, one might raise the objection that 801 
exhaustivity is also part of the core semantic meaning of preVf sentences, as opposed to neutral sentences, 802 
in which exhaustivity is not assumed to be represented semantically. Such theories, however, (see e.g. É, 803 
Kiss 1998, Kenesei 2006) have not been supported by experimental data (see e.g. Onea & Beaver 2009, 804 
Kas & Lukács 2013, Gerőcs et al. 2014, Káldi et al. 2018, Káldi & Babarczy 2018). Furthermore, recent 805 
experimental evidence suggest that the use of focus may not only be strictly motivated by linguistic factors, 806 
and that these factors should be best seen as pragmatic ones (Stevens & Roberts, 2019; Káldi & Babarczy, 807 
2020b). Therefore, we contend that the gist of the two sentence types at hand were the same in our 808 
experiments. Their apparent syntactic and prosodic differences belong to their surface characteristics. 809 

The explanation relying on the assumption that the gist is retained as opposed to the form for longer 810 
periods of time becomes especially plausible, if we consider one of the central functional properties of 811 
focusation: namely, focus serves to organize discourse, partly by introducing new referents. Consider the 812 
dialogue in (5) in which A’s question requests the identification of the individuals invited by John. The 813 
answer in B1 is acceptable, since the element carrying new information is marked for focus, while the 814 
answer in B2 sounds rather odd, since the respective element sits post-verbally (for further theoretical 815 
explanation see Roberts 1998, Surányi 2011, for experimental results see Káldi et al 2020a). 816 

(5) A: Kit hívott meg János? 817 
Who did John invite? 818 

 B1: János Marit hívta meg. (preVf) 819 
John invited ‘Mary.  820 

 B2: #János meghívta Marit. (neutral) 821 
John invited Mary. 822 

Note, however, that the “gist” of the two answers in (5) is the same: there is a relation between John and 823 
Mary such that the former invited the latter. The information structural properties of the sentence realized 824 
in a particular syntactic construction in the case of preVf serves local discourse purposes. For this reason, 825 
the syntactic form of the sentence may lose its relevance for longer periods of time and is not retained in 826 
memory. The gist, however, is retained irrespective of the syntactic structure as revealed by the relatively 827 
high recognition rates. We believe that the above considerations may open up a new line of research 828 
studying the interrelation of syntactic structure and information structure in memory (for one such study 829 
see Pléh & Sinkovics 2011). As noted earlier, our results are suggestive of, but inconclusive regarding the 830 
longer effects of focus on memory representation. Hence, we propose that the above outlined explanations 831 
should be considered as a basis for further research on the long term accessibility to focused elements. 832 

With respect to both semantically and contextually related focus alternatives in the delayed recognition 833 
memory task, we found that memory performance for these items was poorer than for alternatives to non-834 
focused counterparts. On the face of it, two explanations offer themselves for the observed results. One 835 
of these has already been mentioned: the poorer recognition rates may be attributable to semantic 836 
interference generally observed when there is a delay before retrieval (e.g. Baddeley 1966; Baddeley 2009; 837 
Baddeley, Eysenck & Anderson 2020): focus activates the representation of alternatives (as also suggested 838 
by the results of Experiment 1), and these highly activated semantic representations interfere with each 839 
other. The interference leads to low recognition rates. Alternatively, since the experimental task was to 840 
decide if the probe was identical to the target (i.e. old) or it was different (i.e. new) we can say that the 841 
observed poorer performance is not the result of a lower tendency to correctly recognize the critical 842 



Focus representation and memory 

23 

 

element, but it is the result of a greater tendency to falsely recognize it. The effect of creating false 843 
memories at the level of associated items has been extensively studied and repeatedly replicated in the 844 
memory literature (Deese 1959, Underwood 1965, Anisfeld & Knapp 1968, Hintzman 1988). For example, 845 
Roediger & McDermott (1995) presented lists of associated words to their participants which had to be 846 
recalled or recognized after a 5-minute delay. The main finding of the study relevant to our purposes was 847 
that recognition memory was affected by the semantic association between list items: the proportions of 848 
hit rates and false alarm rates were identical suggesting that participants had not been able to distinguish 849 
between actually presented items and items that had not been presented in the lists. According to Roediger 850 
& McDermott (1995, p. 810) the effect is “produced by means of activation of implicit associative 851 
responses”. Thus, one may raise the objection that the effect observed in the Different probe condition of 852 
Experiment 2 is at least partly attributable to this activation mechanism. However, it is hard to see how 853 
focus could modulate this mechanism without assuming that it indeed activates alternatives. To conclude, 854 
the most plausible explanation is that the lower rate of correct rejections in the case of preVf sentences 855 
was the result of a greater semantic interference of activated alternatives. This explanation is also in line 856 
with other findings in the literature (see e.g. Spalek, Gotzner & Wartenburger 2014, Gotzner 2017). 857 

In sum, the present work investigated the memory accessibility of linguistically focused elements and their 858 
representation in WM and when one is not able to rely on processes for maintaining information in WM 859 
in the case of the Hungarian pre-verbal focus construction. It has been shown that focus enhances the 860 
accessibility of the focused element in an immediate recognition memory task and most probably it has no 861 
facilitating effect on a delayed recognition memory test indicating a dissociation between WM and delayed 862 
recognition memory performance. While the former effect can be explained by the attention capturing 863 
property of focus (Brassai 1860, Sanford 2006), the latter observation may be attributable to the tendency 864 
that gist is retained longer than form. Furthermore, we have provided indirect evidence that preVf evokes 865 
the representation of a set of alternatives. This indirect evidence comes from the finding that the memory 866 
performance for focus alternatives is poorer for longer periods of time: this effect is most probably the 867 
result of semantic interference, for which the best explanation is that focus does activate alternatives in 868 
WM. 869 

Finally, let us discuss two potential methodological limitations of our study. One of the limitations 870 
concerns tendencies towards a difference regarding sentence type in the Different-conditions in 871 
Experiment 1, and in the Same-condition in Experiment 2. As pointed out earlier, these almost significant 872 
results may have been the consequence of an insufficient amount of data, as the number of trials in the 873 
conditions was rather low. It is highly likely that this has lent some ambiguity to our results. Reducing the 874 
number of conditions would enable the future researcher to increase the trials in one condition without 875 
dramatically increasing the length of the experiment. The other potential limitation concerns RT measures. 876 
Note that while earlier studies, such as Fraundorf, et al. 2010, Gotzner & Spalek 2016 etc., used words as 877 
probes, our experiments used sentences. This may have led to a substantial variability in the measured RT 878 
values which also makes it difficult to formulate solid conclusions regarding our research questions. 879 
However, we firmly believe that the results presented here are valuable for both the psycholinguistic 880 
theories of focus in general and for the Hungarian focus in particular, and that the limitations outlined 881 
above will motivate further research on the issues at hand. 882 

As far as the methodological novelty is concerned, since both experiments used exactly the same stimulus 883 
set (auditorily presented stories followed by probe sentences), and they only differed in terms of the timing 884 
of recognition probes, the principle of ceteris paribus fully applied with respect to how we addressed our 885 
research question regarding the two different memory processes. Thus, to our knowledge, this is the first 886 
study that investigates the focus representation accounts for WM and delayed recognition of focus 887 
alternatives in this principled manner. Also, no study has been conducted on the memory representation 888 
of focused elements and their alternatives in the case of the Hungarian pre-verbal focus construction. 889 
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The study uses a novel experimental method to investigate contextual factors 
claimed in the theoretical literature to license the use of Hungarian pre-verbal 
focus. These factors are: (i) identification, (ii) contrast, (iii) availability of a set 
on which the focus operates and (iv) whether this set is explicit or implicit. We 
tested the effects of these factors using online surveys in which respondents read 
short texts describing a context and saw a cloud of randomly arranged words. 
The experimental task was to create sentences that naturally fit the context by 
clicking the words in the cloud. Results show that narrow identification and 
contrast reliably predict the use of pre-verbal focus as does the availability of a set 
regardless of explicitness.

Keywords: Hungarian focus, word order, identification, contrast, contextual 
factors, production experiment, information packaging

1.  Introduction

1.1  Hungarian: A free word-order language

Hungarian is a free word order language; almost any order of constituents will 
make up a grammatical structure. Consider the (incomplete) list of word order 
variations in (1): any one of the examples is a grammatical Hungarian sentence.
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 (1) a. Meg-harapta1 a kutya a postást.
   VM2-bite-pst.3sg the dog-nom-sg the postman-sg-acc
   ‘The dog bit the postman.’
  b. Meg-harapta a postást a kutya.
  c. A kutya meg-harapta a postást.
  d. A postást meg-harapta a kutya.
  e. A kutya a postást meg-harapta.
  f. A postást a kutya meg-harapta.
  g. A postást a kutya harapta meg.
  h. A kutya a postást harapta meg.
  i. A postást harapta meg a kutya.
  j. A kutya harapta meg a postást.

As it is a generally valid assumption that nothing is without a cause, a question 
regarding the observation in (1) promptly presents itself: what causes speakers 
of Hungarian to opt for one of the above word order variations in one particu-
lar instance, and why are they using another one in another instance? This is the 
question that the current study attempts to at least partially answer with respect to 
two sentence types in (1): what factors contribute to the use of (1c), which will be 
referred to by the well-established term “neutral” sentence (see e.g. Kálmán 1985), 
and (1h), which we shall label “pre-verbal focus” sentence. We will argue that two 
of the most crucial factors are identification and contrast; and we will propose 
that both of these can be captured in terms of the availability of sets, whether 
explicit, implicit or evoked in the context. Before elaborating on these factors, first 
we provide a short introduction to the basic notions of sentential focus and related 
aspects in the following sections.

1.2  Accounts of word order: Discourse configurationality

The question formulated above was first raised and meticulously studied by Sám-
uel Brassai (1852, 1860) who divided the sentence into two parts: the inchoati-
vum and the bulk (‘zöm’). In Brassai’s account, the former contains elements that 
“practically lay a basis for the meaning of the sentence in the listener’s mind, i.e., 
they are calling attention, and pointing forward, connecting the mental activity of 

1.  According to the Hungarian orthographic conventions, the verbal modifier (VM) and the 
verb are written as one word. In the current study hyphenated forms are used for illustrative 
purposes.

2.  The abbreviation VM will be used for Verbal Modifier.
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the listener with that of the speaker”3 (1860: 351). As far as the bulk is concerned, 
its function is “the communication of an action or a circumstance of an action 
that the speaker supposes to be unknown to the listener” (1860: 72). Although in 
certain cases the bulk may contain old information, it can be argued that it is the 
more informative part of the sentence. For this reason, as Brassai also points out, 
the inchoativum is optional, while the bulk is obligatory. In another study, Brassai 
mentions that sentences should not be studied only in isolation, since they serve 
the role of building blocks in texts. That is, “speech never serves to express merely 
single thoughts, but sequences of them, and just as every word, every form has a 
certain word order value, every sentence, every structure of thought has a given 
sentence order value” (Brassai 1885: 30-31).

The passages from Brassai’s works cited above clearly outline a framework 
in which the use of the different word order variations exemplified in (1) can be 
accounted for. There are two closely related considerations: one of these is the infor-
mation status of a particular element (given or new, emphatic or backgrounded), 
while the second is text coherence. Although at first sight it may seem redundant 
to differentiate the two aspects, in our opinion, the distinction is justifiable. If a 
text is to be coherent, then the information in the sentences it is comprised of 
must be structured with respect to their status, as required by the text. However, 
different word order variations of a sentence can appear in the same text depend-
ing on what is emphasized without compromising coherence. Also, isolated sen-
tences can express the information status of their constituents via particular word 
order variations. Therefore, it is not only coherence that determines word order, 
but also, and perhaps more importantly, the information status of the elements. 
For this reason, Brassai’s findings bear special relevance to our investigation, since 
it is his work that first meticulously studied the interrelations between context, the 
psychological state of the interlocutors and the use of different word order patterns 
in Hungarian.

The issue of the relationship between information status and word order (in 
Hungarian and also in other languages) was taken up in the generative tradition 
by É. Kiss (1995). By this time, the terms Topic and Focus had been introduced in 
the literature,4 therefore É. Kiss (1995) could formulate her linguistic typological 
account using these terms. On the one hand, it has been observed that in cer-
tain languages “the structural relation [NP, S] can be used to express not only the 

3.  Translations of Brassai’s text were borrowed from É. Kiss (2008: 28, 30).

4.  The functional notions were first defined by linguists of the Prague School. However, 
these functions were not yet given the names Topic and Focus. For more on these issues see 
e.g. Aronoff and Rees-Miller (2017)
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function ‘grammatical subject’, associated with the most prominent theta role, but, 
alternatively, the discourse-semantic function ‘topic’, as well” (É. Kiss 1995: 3). On 
the other hand, “many languages have a designated structural position for focus, 
akin to the WH-position of the English sentence” (É. Kiss 1995: 4). In order to 
capture these cross-linguistic observations, the term discourse configurationality 
was coined. A language is discourse configurational if either one or both of the 
following two independent descriptions are valid for the given language: (i) the 
function Topic “is expressed through a particular structural relation”, (ii) the func-
tion Focus “is expressed through a particular structural relation” (É. Kiss 1995: 6). 
Since the current study concentrates on Focus, this notion and the corresponding 
“structural relation” will be discussed in the following section in more detail.

1.3  The structures investigated in the present study

The two structures investigated in the present paper are (1c) and (1h) repeated as 
(2a) and (2b), respectively, for convenience.

 (2) a. A kutya meg-harapta a postást.
   the dog-nom-sg VM-bite-pst.3sg the postman-sg-acc
   ‘The dog bit the postman.’
  b. A kutya a postást harapta meg.
   ‘It was the postman that was bitten by the dog.’5

The most crucial difference between the two structures is the element that appears 
immediately pre-verbally.

In (2a) it is the VM, meg, that sits in the pre-verbal position, and it is incor-
porated into the verb (V) forming a phonological word with it (É. Kiss 2002). The 
Noun Phrase (NP), a kutya, preceding the VM-V compound functions as a Topic, 
while the post-verbal NP, a postást, is commonly referred to as information focus 
(see e.g. É. Kiss 1998) or post-verbal focus (see e.g. Surányi 2011). The different 
terms in the literature denoting this word order variant are all indicative of the 
aspect central to the given analysis. In order to remain theory-neutral, the term 
‘neutral sentence’ will be used in the present study to refer to structures exempli-
fied in (2a).

In (2b) the VM-V order is reversed, and the NP which is post-verbal in (2a) 
occupies the immediately pre-verbal position. Accordingly, its status is changed: 
the immediately pre-verbal NP functions as a Focus. A number of different terms 
have been used to denote this sentence type, as well (e.g. identification focus in 
É. Kiss 1998, contrastive focus in Kenesei 2006), but, in the current study the 

5.  PreVf sentences are translated into English as clefts based on É. Kiss (1998).
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 theory-neutral ‘pre-verbal focus’ (henceforth preVf) will be used. Since the cur-
rent paper aims to investigate the contextual factors that potentially contribute 
to the use of preVf and neutral sentences, we first review some of the definitions 
of Focus presented in previous literature, and then we enumerate the contextual 
requirements for preVf as suggested by theoretical accounts.

1.4  What is Focus?

In modern linguistics, the term Focus has been defined in a number of ways. One 
of the most often cited earliest definitions is given by Halliday (1967). Halliday 
(1967: 204) claims that “focus reflects the speaker’s decision as to where the main 
burden of the message lies.” It is associated with “prominence” and it is a kind 
of emphasis that helps the speaker mark the most informative part of their mes-
sage. Halliday adds that “what is focal is ‘new’ information; not in the sense that 
it cannot have been previously mentioned, […], but in the sense that the speaker 
presents it as not being recoverable from the preceding context.” Clearly, Halliday’s 
approach is a directly functional one: the author identifies functions of focusing 
which he claims to be the most important. Nevertheless, it must be noted, that 
Halliday’s treatment is strictly specific to the English language.

Rooth (1985, 1992), and Krifka (2008) using the Alternative Semantics frame-
work and the notion of sets take a more general stance, and as we will see, create a 
theoretical framework that can be applied cross-linguistically: “Focus indicates the 
presence of alternatives that are relevant for the interpretation of linguistic expres-
sions” (Krifka 2008: 247). The novelty of the Alternative Semantics approach lies 
in the fact that it attempts to formulate the most central and cross-linguistically 
valid function of Focus. To achieve this, the theory has three additional tenets. 
First, the description does not specify what form a Focus containing construc-
tion has to take. It only indicates that focus has to be marked somehow. Conse-
quently, it allows for the variety of different focus marking strategies observed in 
different languages.6 Second, the description does not specify the type of linguistic 
expression7 that can be focused. Third, it does not specify how “different ways 
of focus marking signal different ways of how alternatives are exploited” (Krifka 
2008: 248). That is, the indication of the presence of alternatives can be used to 
express different aspects of propositional content within or across languages.8 In 

6.  The most typical Focus marking strategies are marking through intonation, word order, 
particles, clitics etc. (see e.g. Miller 2006).

7.  E.g. phrase, sentence, suffix etc.

8.  For an explanation see Example (3) and (4) and the corresponding discussion.
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sum, the alternative semantics approach “allows for languages to differ in the ways 
they mark focus and in the specific interpretational effects of focus” (Krifka 2008: 
248). In the present study, Rooth’s and Krifka’s approach is adopted. Therefore, we 
take it that preVf indicates the presence of alternatives. The ways the alternatives 
indicated by Hungarian preVf are “exploited” will be discussed in the forthcoming 
sections.

1.5   Contextual factors commonly associated with preVf and  
neutral sentences

According to theorists, there are two main ways in which the indication of the pres-
ence of alternatives is exploited in Hungarian: preVf may express identification or 
contrast. These two functions will be discussed in the following two subsections.

1.5.1  Identification
É. Kiss (1998) defined preVf as “identificational focus” claiming that its function is 
to represent “a subset of the set of contextually or situationally given elements for 
which the predicate phrase can potentially hold; it is identified as the exhaustive9 
subset of this set for which the predicate phrase actually holds” (p. 245). The iden-
tificational function of the immediately pre-verbal slot was already recognized by 
Brassai (1860), who claimed that the very first element in the bulk (i.e. the part 
following the optional inchoativum) is the most prominent, most emphatic one 
“which we assume the speaker or listener would ask about” (translation by É. Kiss 
2008: 33). Recall, that Brassai (1860) put forward the idea that sentences serve as 
building blocks of texts or dialogues. With respect to dialogues, it is reasonable 
to assume that answers given to wh-questions will be felicitous if they identify 
the entity which corresponds to the wh-element in the question. This identifica-
tion is achieved through focusing the expression which denotes the entity at hand. 
Indeed, question – answer congruence has been a test for Focus not only for Hun-
garian but cross-linguistically, as well (Rooth 1992, Krifka 2001). Rooth (1992), for 
example claims that “there is a correlation between questions and the position of 
focus in answers” (p. 9). Consider the sentence pairs in (3) and (4).

 (3) a. Who owns a gorilla? [x owns a gorilla]
  b. [John]F owns a gorilla.
  c. *John owns a [gorilla]F.

9.  Although exhaustive interpretation is an important aspect of preVf well studied both 
in the theoretical and experimental literature, this issue will not be directly addressed in the 
present paper. The question of exhaustive interpretation will be addressed in Section 3.
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  (4) a. What does John own? [John owns x]
   b. *[John]F owns a gorilla.
   c. John owns a [gorilla]F.

As illustrated by (3a) and (4a), a question introduces a set of alternatives which 
are related to the potential answers that can be given to them (Hamblin 1973, 
Rooth 1992, Roberts 1996). (3a) introduces a set of people as potential owners 
(e.g. [John, Mary, Carl, Susan]), whereas (4a) introduces a set of entities that can 
be owned (e.g. [a gorilla, a car, a cat, a house]). Focus serves to identify one or 
more elements of the introduced sets to which the rest of the sentence holds. For 
this reason, (3c) is an infelicitous answer to (3a), since [gorilla] is not a subset of 
the set introduced by (3a), and likewise, (4b) is an infelicitous answer to (4a), as 
[John] is not a subset of the set introduced by (4a). On the contrary, (3b) and (4c) 
are appropriate answers to their respective questions.

Interestingly, É. Kiss (1998) claims that wh-questions “can be answered not 
only by an identificational focus (i.e. preVf) but – less commonly – by a mere 
information focus (i.e. neutral sentence), depending on whether the answer is 
intended to be exhaustive” (p. 249).10 The author reasons that focusing does not 
take place if the only role of the constituents at hand is the “marking of the novelty 
of the information they carry”. That is, the referent of the NP is not presented as a 
member of the contextually available set of alternatives, if it is post-verbal. For this 
reason, É. Kiss argues that both (5b) and (5c) are compatible with the question in 
(5a).

 (5) a. Hol jártál a nyáron?
   ‘Where did you go in the summer?’
  b. Jártam Olaszországban.
   go-pst.1sg Italy-in
   ‘I went to Italy (among other places).’
  c. Olaszországban jártam.
   ‘It was Italy where I went.’

According to Surányi (2011) the factor that determines whether a preVf or a neu-
tral sentence is used as an answer to a wh-question is a function of the “Ques-
tion Under Discussion” in the sense of Roberts (1996). In Surányi’s account both 
preVf and the neutral sentence can represent a choice between contextually avail-
able set members; the neutral sentence is merely a subcase of preVf. According to 
the author, the choice between the preVf and neutral sentence types in answers 

10.  For a similar reasoning see also Brody & Szendrői (2010).
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is determined by two mutually exclusive imperatives assumed by the hearer: (i) 
“Mention all”, or (ii) “Mention some!” If the former is applicable, preVf is used, 
if the latter, then the neutral sentence type wins. Surányi’s (2011) account thus 
allows both sentence types as felicitous answers to wh-questions suggesting that 
the choice is a pragmatic one. In sum, according to findings in the theoretical lit-
erature, the question types in (3a), (4a) and (5a) primarily trigger answers of the 
preVf word order, where the focused element corresponds to the wh-expression 
in the question.

The question now arises: what type of questions trigger the use of neutral sen-
tences? According to Kenesei (2006) and Skopeteas and Fanselow (2011), answers 
given to questions of the type in (6a) will be neutral sentences.

 (6) a. Miért örülnek az emberek a hídon?
   ‘Why are the pople on the bridge happy?’
  b. (Mert) Matyi fogott egy halat.  proposition: [p]
   (because) Mathias.nom catch-pst.3sg a fish.acc
   ‘(Because) Mathias has caught a fish.’
  c. (Mert) megérkezett a postás. proposition: [q]
   (because) arrive-pst.3sg the postman.nom
   ‘(Because) the postman has arrived.’
  d. (Mert) kisütött a nap. proposition: [r]
   (because) start-to-shine-pst.3sg the sun.nom
   ‘Because the sun started to shine.’

The sentence type exemplified in (6b), (6c) and (6d) is also called broad focus 
or sentential focus, since now it is the whole sentence (or rather the proposition 
denoted by it) that gets focused. For ease of reference, this question type (some-
times also called broad-wh-question) will be referred to as a sentential focus trig-
gering question (SFT-question, henceforth). The SFT-question in (6a) evokes a set 
of alternatives at the propositional level: the potential answers to (6a) might be 
the propositions p, q, r, as indicated. Since now the focus is placed on the clauses 
corresponding to the proposition, the word order will be such that it expresses 
information focus as in É. Kiss (1998); or in our terminology, it will be a neutral 
sentence.

Regarding word order variants as potential responses to the question type at 
hand, Kenesei (2006) makes an interesting point. Consider example (7) (Kenesei 
2006: 18).

 (7) a. What’s new?
 b. [Jelcin]F nyerte meg az orosz választásokat.
   Jeltsin-nom win-pst.3.sg VM the Russian election-pl.acc
   ‘Yeltsin has won the Russian elections.’
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  c. Jelcin meg-nyerte az orosz választásokat.
   ‘Jeltsin has won the Russian elections.’

According to Kenesei (2006), the answers in (7b) and (7c) are both congruent 
with the question in (7a). The choice is extra-linguistic, and depends on speaker 
expectations about the beliefs of the hearer: if the speaker assumes that the hearer 
is aware of the candidates for presidency (i.e. assumes a set of alternatives present 
in the universe of discourse), then (s)he will use a preVf sentence as an answer to 
identify the element of the implicitly assumed set. If, however, the speaker assumes 
that the hearer knows nothing about the options, broad focus (i.e. a neutral sen-
tence) will be used to designate a proposition among the potential alternatives 
(e.g. [there was an earthquake], [it is snowing in the mountains], [there will be a 
pay raise for linguists] etc.). In sum, if the speaker assumes that the hearer is not 
aware of a set whose elements are smaller than a clause, a neutral sentence will be 
used as an answer to questions like those exemplified in (6a) and (7a). Otherwise, 
it is highly likely that the speaker will use a preVf sentence.

The second way preVf exploits the marking of the presence of alternatives is 
the expression of contrast, to which we now turn.

1.5.2  Contrast
Contrast is commonly associated with focus (see e.g. Rooth 1992; Krifka 1992; É. 
Kiss 1998; Kenesei 2006; Zimmerman 2008; Destruel & Velleman 2014). É. Kiss 
(1998), for example claims that “the identificational foci of different languages 
are specified for the positive value of either or both of the features [± exhaus-
tive] and [± contrastive]” (p. 267). However, what is categorized as the contrastive 
use or function of focus is highly variable depending on the frame of analysis. 
Krifka (2008),11 for example, takes a strict stance on contrastivity in the case of 
focus: the author claims that contrast is only present if the alternatives are directly 
mentioned and contrasted in a corrective or additive way. Consider Example (8), 
(Krifka 2008: 259) in which the alternatives are names for people, and the contrast 
is made explicit: the proposition [x wants coffee] is not only true for John, but for 
Sue, as well.

 (8) a. A: [John] wants coffee.
  b. B: [Sue] wants coffee, too.

Krifka (2008) adds that the contrastive use of focus is instantiated through cer-
tain grammatical and prosodic features (see e.g. Selkirk 2002; Molnár 2002, 

11.  For a similar account of contrastive focusing see Selkrik (1984).
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 Gussenhoven 2004). Hence, contrastive focus should be considered as a separate 
case of focusing.

In the present paper, Rooth’s alternative semantics approach is adopted as 
intuitively formulated in Section 1.4. Since, according to this formulation, focus 
marks the presence of alternatives, its contrastive function is directly derivable: 
if focus serves to identify elements in a contextually available set, it follows, 
that the elements that are not identified by the focus (i.e. the complementary 
set) can be or will be contrasted. Indeed, according to É. Kiss (1998), “an iden-
tificational focus (i.e. preVf, in our terminology) is [+ contrastive] if it operates 
on a closed set of entities whose members are known to the participants of the 
discourse” (p. 267). Kenesei (2006) goes further. According to the author, both 
preVf and neutral sentences perform identification on a given set; the differ-
ence is the type of set identified with relation to the contextually available set of 
all alternatives. While a neutral sentence identifies a subset, preVf identifies a 
proper subset. If a proper subset is identified, it naturally follows that there will 
be at least one entity to which the proposition of the focus-containing sentence 
does not hold. Consequently, Kenesei (2006) terms preVf “contrastive focus”. In 
sum, if a set is contextually available (implicitly or explicitly), and an utterance 
is made regarding this set, it is highly likely that a speaker would use a preVf 
sentence. In this case, the use of preVf may be contrastive. Otherwise a neutral 
sentence is used.

1.6  The goal of the present study, hypotheses

The goal of the present study is to examine contextual factors that facilitate the use 
of preVf sentences. More specifically, we are interested in two of the main factors 
identified in the theoretical literature: the presence of (i) identification and (ii) 
contrast.

Regarding identification, we hypothesize that in a context where identifica-
tion is carried out the preVf sentence type is preferred. If the context does not 
support identification, either a preVf or a neutral sentence is used.

Regarding contrast, it is hypothesized that the presence of contrast facilitates 
the use of preVf sentences. If no contrast is present, a neutral sentence is preferred.

2.  Experiments

In order to test the hypotheses formulated above, we carried out two guided pro-
duction studies in the form of an online survey. The details of these experiments 
are outlined in the following sections.
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2.1  Experiment 1

2.1.1  Participants
68 native adult Hungarians (58 female, 10 male, mean age: 50.32, SD = 10.48) par-
ticipated in the first experiment. Participants were recruited through a Facebook 
page available for this purpose. Since the experiment was carried out online, data 
was gathered from speakers from different regions of Hungary.

2.1.2  Procedure
The experiment was an online survey containing a series of trials. Each trial con-
sisted of a panel containing a context text in the upper part of the screen (either 
one or two sentences depending on the experiment or condition (e.g. Mit tört el 
Márti? ‘What did Márti break?’ in Figure 1.), a cloud of words in the middle of the 
screen (e.g. törte ‘break’, Márti ‘Martha’, egy ujját ‘a finger’, el ‘VM’ in Figure 1), and 
a blank field between the two.

Mit tört el Márti?

TÖRTE
MÁRTI

EGY UJJÁT

Beküldés & ugrás a következöre

kitöltöttség

EL

Figure 1. Example panel of the survey

The words in the cloud were randomly arranged in an area under the blank field. 
The task of the participant was to produce sentences using the words in the cloud 
so that the resulting sentence is a natural continuation of the context text. Partici-
pants could produce a sentence by clicking on the words: once a word was selected 
by clicking, it appeared in the field above the cloud. Participants were asked to use 
all the words in the cloud. Once the sentence was built, the next trial was initiated 
by a click on a button at the bottom of the screen. Before proceeding to the next 
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trial, participants were encouraged to reread the context text and the sentence 
together to make sure that their solution was natural and coherent. Responses 
could be modified as needed.

The experiment contained two blocks: a practice block following the instruc-
tions, and the test block. The practice block contained 5 trials similar to those in 
the test block. The test block contained three types of trials: (i) test, (ii) filler and 
(iii) hidden control trials (see details for (i) and (ii) in sections 2.1.3 and 2.2.3). In 
the hidden control trials, participants were given an instruction to put the words in 
the cloud in a given order; one that would have been very unlikely to be produced 
by chance. The inclusion of these trials was a practical one. In order to encourage 
participation, respondents were entered a draw in which a winner would be picked 
randomly at the end of data collection. The prize was a small fee; a voucher worth 
of 5000 HUF sent via post to the winner. The hidden control trials were included 
so that we could filter out respondents who participated only in the hope of win-
ning the voucher: erroneous responses in the hidden control trial indicate that the 
participant did not read the instruction in these trials based on which it can be 
assumed that they did not read the context sentences in the rest of the trials either.

The experimental interface was developed by relying on the d3-cloud JavaS-
cript package (Davies 2013) and was implemented in the in the IBEX online 
experimental environment (Drummond 2010).

2.1.3  Materials
Experiment 1 investigated whether identificatory and contrastive contexts have 
the effect of facilitating the use of preVf word order sentences. For the two differ-
ent context types, two different test trial types were created.

To test the effect of identification, questions were introduced, as shown in 
(9). For contexts of identification (identification-condition), we used directive 
wh-questions (or narrow-wh-questions) (9a); and for contexts where identifica-
tion was not present (no-identification-condition), SFT-questions (or broad-wh-
questions) (9b) were used.

 (9) a. Mit veszített el Péter?
   ‘What did Peter lose?’
  b. Miért szomorú Péter?
   ‘Why is Peter sad?’

The set of words comprising the cloud for the example in (9) is given in (10a) sepa-
rated by commas. The elements of the word cloud were the same types of linguistic 
units in each critical trial: (i) a name in the nominative case, (ii) an NP comprising 
of an indefinite article and a noun in the accusative case, (iii) a verb in past tense 
and (iv) a corresponding VM. (10b) and (10c) are two example sentences that can 
be produced by ordering the words in the word cloud for the contexts in (9). The 
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order and location of the elements in the cloud was randomly allocated in each 
trial.

 (10) a. Péter, egy órát, vesztett, el
   Peter-nom, a watch-sg.acc, lose-pst.3sg, VM
   ‘Peter’, ‘a watch’, ‘lost’
  b. Péter egy órát vesztett el.
   ‘Peter lost [a watch]F.’
  c. Péter el-vesztett egy órát.
   ‘Peter lost a watch.’

To test the effects of contrast, two-sentence contexts were created, as in (11). The 
first sentence designated an explicit set (11a) in both conditions. The experimental 
manipulation was introduced in the second sentence. In the contrast-condition, 
the second sentence identified one element of the designated set (11b). To avoid 
a syntactic priming effect, these sentences had a structure that could not be built 
with the words in the cloud: the NP referring to the identified element was in the 
nominative case, and the VP did not contain a transitive verb. In the no-contrast-
condition, the second sentence did not identify any member of the contextually 
given set, but it always referred to some state of affairs that was irrelevant with 
respect to that set (11c). The structure of these sentences also differed from focus 
constructions for the aforementioned reasons.

 (11) a. Ebéd után maradt desszertnek egy körte, egy alma és egy barack.
   ‘After lunch there was a pear, an apple and an apricot for dessert.’
  b. János desszertje az alma volt.
   John-nom dessert-his-nom.sg the apple-nom.sg be-pst.3sg
   ‘John had the apple for dessert.’
  c. János desszert helyett szundított
   John-nom dessert-nom.sg instead take-a-nap-pst.3sg
   inkább kicsit.
   rather little.acc
   ‘John didn’t have dessert, he took a nap instead.’

The set of words comprising the cloud for the example in (11) is given in (12a) 
separated by commas. Just as in the previous case, the elements in the word cloud 
were of the same type in each trial: (i) a name in the nominative case, (ii) an NP 
consisting of a definite article and a noun in the accusative case, (iii) a verb in past 
tense and (iv) a VM. The two canonical word order variants that can be produced 
using elements listed in (12a) are provided in (12b) and (12c).

 (12) a. Péter, a körtét, ette, meg
   Peter-nom, the pear-sg.acc, eat-pst.3sg, VM
   ‘Peter’, ‘the pear’, ‘ate’



86 Tamás Káldi, Levente Madarász & Anna Babarczy

  b. Péter a körtét ette meg.
   ‘Peter ate [the pear]F.’
  c. Péter megette a körtét.
   ‘Peter ate the pear.’

For the investigation of the possible effects of both identification and contrast, 16 
critical trials were presented. The conditions were distributed equally: 8 trials in 
the identification condition, 8 trials in the no-identification condition, 8 trials in 
the contrast condition, and 8 trials in the no-contrast condition. This amounted to 
a total of 32 critical trials.

The experiment also contained 64 filler trials. In order to “conceal” the actual 
purpose of the experiment, we identified four key features for fillers. These fea-
tures were the following: (i) whether the trial contains a one- or two-sentence 
context, (ii) the presence or absence of a question in the context, (iii) whether the 
sentence that fits the context (i.e., the one that the participant produces) should 
contain a separated or a non-separated VM-V complex, and (iv) the presence or 
absence of a VM in the sentence to be produced. The features listed were selected 
to correspond to all the manipulated variables (feature (i), (ii)), and the outcome 
variable (feature (iii)) in the experiment. Feature (iii) was especially important, 
since we wanted to encourage participants to regard VMs as elements that could 
appear in any potential position within the sentence. Additionally, feature (iv) was 
crucial to eliminate the potential impression that the experiment had anything to 
do with VMs. The distribution of features in filler trials is presented in Table 1.

Table 1. The distribution of key features in filler trials.

Feature Number

2-sent. context Question VM – V separ. 4
VM – V non-separ. 4

No question VM – V separ. 4
VM – V non-separ. 4

3-sent. context Question VM – V separ. 4
VM – V non-separ. 4

No question VM – V separ. 4
VM – V non-separ. 4

2-sent. context Question No VM 8
No question 8

3-sent. context Question 8
No question 8
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2.1.4  Predictions
In line with our hypotheses in Section 1.6, we predicted that in the case of wh-
question types (9a), participants would produce preVf word order sentences (10b), 
whereas in the case of SFT-questions (9b), preVf (10b) and neutral sentences (10c) 
would be produced.

Regarding the effect of contrast, it was predicted that in the contrast-condi-
tion dominantly preVf sentences would be produced, whereas in the no-contrast-
condition we expected the dominance of neutral sentences.

2.1.5  Results
PreVf response rates were analyzed in a Friedman’s ANOVA model with four 
within-subjects conditions (narrow-wh-question, SFT-question, contrast context 
and no-contrast context). The results indicate that context has a significant effect 
on the choice of word order (X2 = 91.24, p < .001). Specifically, there is a sharp 
contrast in preVf response rates between the narrow-wh (M = .83, SD = .17) and 
SFT (M = .17, SD = .15) question conditions (z = 7.20, p < .001) and between the 
contrast (M = .92, SD = .10) and no-contrast (M = .63, SD = .21) context condi-
tions (z = 4.35, p < .001). Further analyses using a series of one-sample Wilcoxon 
Signed Ranks tests reveal that the median rate of preVf responses significantly 
differs from chance in all four conditions: in the narrow-wh-question, contrast 
context and no-contrast context conditions it is above chance level (z = 5.08, 5.49 
and 3.32 respectively; p ≤ .001) while in the SFT-question condition it is below 
chance level (z = −5.25, p < .001).
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Figure 2. Proportion of sentence types in the two contexts (error bars: 95% CI). The horizon-
tal dashed line represents the level of chance.
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2.1.6  Discussion
The data obtained in Experiment 1 partly corroborated our hypotheses. The high 
proportion of preVf sentences produced in both contexts of identification and 
contrast are in line with our expectations, and clearly demonstrate that these two 
contextual factors facilitate the use of the sentence type at hand. The below-chance 
level rate of preVf sentences in the SFT-condition, and the above-chance level rate 
of preVf sentences in the no-contrast-condition, however, present an interesting 
puzzle. Note that in the former case, we predicted that this rate would be around 
chance, whereas in the latter, we predicted that it would be below chance. Based on 
the observed patterns, we conjectured that the answer may lie in the availability of 
sets. In the forthcoming discussion, the issue of sets will be taken up.

Let us return to our starting point regarding the function of focus: focus 
evokes alternatives (Rooth 1992, Krifka 2008). Using sets to represent what focus 
does, this formulation suggests that there must be a contextually available set from 
which a subset is identified by focus, which entails that there is also a comple-
mentary set of alternatives. Recall that this is exactly what Kenesei (2006) claims: 
focus identifies a proper subset of the contextually available set. More importantly, 
Kenesei adds that “whether or not the contrasting complementary set is explicit, 
in case of contrastive focus a complementary set is always created” (p. 137). If 
this is indeed true, preVf is triggered in contexts that either explicitly or implicitly 
contain a set whose members are potential referents of the focus of the proposition 
to be made. This explanation can straightforwardly account for the observation 
that in all of the conditions which contained a set or in which a set was evoked, 
the proportion of preVf structures was above chance level. Let us consider the 
conditions used in Experiment 1 from the point of view of sets. In contexts with 
a narrow-wh-question a set is evoked. Consider (3a) and (4b) again: the former 
evoked a set of potential owners ([x owns a gorilla]), whereas the latter evoked a 
set of entities that can be owned ([John owns x]). In the case of SFT-questions no 
such set is evoked. Correspondingly, the observed rate of preVf sentences was well 
below chance level, and participants reliably produced neutral sentences. In the 
contrast- and no-contrast-conditions the set was not evoked; it was explicit, since 
the first sentence always designated a three-element set in the context. Note that 
apart from the SFT-question-condition, in which no set was available, the propor-
tion of preVf sentences was above chance level in all conditions.

Considering the above reasoning, an important factor contributing to the 
production of preVf is the availability of sets. Thus, we hypothesized that if a set 
is either explicitly or implicitly present, a preVf sentence is used. Otherwise either 
a preVf or a neutral sentence is produced (cf. Examples (7b) and (7c) in Section 
1.5.1). In order to test this hypothesis, we designed and ran Experiment 2.
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2.2  Experiment 2

2.2.1  Participants
118 native adult Hungarians participated in the experiment (99 female, 19 male, 
mean age: 48.37, SD = 12.43). Participants were recruited through a Facebook 
page dedicated to obtaining participants. Since the experiment was carried out 
online, data was gathered from speakers from different regions of Hungary.

2.2.2  Procedure
The procedure of Experiment 2 was identical that of Experiment 1. For details see 
Section 2.1.2.

2.2.3  Materials
In order to test the potential effect of the contextual availability of sets, two-sen-
tence contexts were created. The first sentence in the context either (i) designated 
a set explicitly (Table 2, sentence a), or (ii) implicitly (Table 2, sentence b), or (iii) 
designated no set at all (Table 2 expression c). In the case of (i), the set was made 
explicit through an enumeration, while in the case of (ii), the implicit set was 
implied. In case (iii), we used a label for a particular situation or place irrelevant 
with respect to the potential sets for the third (i.e. test) sentences. The second sen-
tences were such that they either introduced a contrast with respect to the third 
sentence (Table 2, sentence d), or not (Table 2, sentence e).

The combination of sentence types in Table 2 resulted in altogether six condi-
tions. These are presented in Table 3.

Example (13) presents the elements of the cloud for the example trial in Table 
2 separated by commas (13a), and two potential word order variants that could be 
produced using these words: a preVf sentence (13b) and a neutral one (13c). The 
elements of the word cloud were the same type of linguistic units in each critical 
trial: (i) a name in the nominative case, (ii) an NP comprising of an indefinite 
article and a noun in the accusative case, (iii) a verb in past tense, and (iv) a cor-
responding VM.

 (13) a. Misi, egy várat, rakott, össze
   Mike-nom, a castle-sg.acc, put-pst.3sg, VM (~together)
   ‘Mike’, ‘a castle’, ‘built’, ‘up’
  b. Misi egy várat rakott össze.
   ‘Mike built [a castle]F.’
  c. Misi össze-rakott egy várat.
   ‘Mike built a castle.’
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In Experiment 2, the availability of sets (explicit, implicit or no set) was a between-
subject factor, and the presence or absence of contrast was a within-subject factor. 
Each run of the experiment contained 12 test trials (6 in the contrast condition 
and 6 in the no-contrast condition) and 24 filler trials. Respondents were assigned 
to one of the three versions of the experiment randomly. As in Experiment 1, three 
types of fillers were used in equal proportion: the third sentence (i) had to be pro-
duced in a way that it contained a VM-V compound, (ii) the VM and V had to be 

Table 2. Sentences of the contexts used in Experiment 2

Label Number in context Condition Example

a. 1 Expl. set A gyerekeknek kiosztottak egy csomó játékkockát. 
Ezekből mindenfélét össze lehetett rakni: például 
tornyot, várat, házat.
‘Kids were handed out lots of building blocks. 
So many things could be built out of them: for 
example a tower, a castle, a house.’

b. 1 Impl. set A gyerekeknek kiosztottak egy csomó játékkockát, 
amikből mindenfélét össze lehetett rakni
‘Kids were handed out lots of building blocks. So 
many things could be built out of them.’

c. 1 No set A játéksarokban:
‘In the playing corner:’

d. 2 Contrast Bence már korábban is sok tornyot épített, így 
most is ezt csinálta.
‘Ben had built a lot of towers before, so now he 
did so again.’

e. 2 No contrast Bence álmos volt, így csak nézte, ahogy a többiek 
játszanak.
‘Ben was sleepy, so he just watched the others play.’

Table 3. Conditions in Experiment 2

Experimental manipulation introduced in

First sentence Second sentence

explicit set – contrast
explicit set – no-contrast
implicit set – contrast
implicit set – no-contrast
no set – contrast
no set – no-contrast
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separated, or (iii) the sentence did not contain a VM at all. Also as in Experiment 
1, this variation was introduced to encourage participants to regard VMs as ele-
ments that could appear in any potential position within the sentence.

2.2.4  Predictions
In line with our hypothesis formulated at the end of Section 2.1.6, we predicted 
the following. If contrast is present, dominantly preVf sentences will be produced. 
The availability of a set (either explicit or implicit) will facilitate the production of 
preVf sentences even if no contrast is present. If neither a set is available nor con-
trast is to be expressed, preVf sentences will not be produced reliably.

2.2.5  Results
The results were in line with our predictions. A Kruskal-Wallis test for the con-
trast-condition and one for the no-contrast-condition revealed that the presence or 
absence of an explicit or implicit set had no significant effect on word order choices 
in the contrast context condition (H(118) = 2.63, p = .27), while in the no-contrast 
context condition it did ((H(118) = 13.35, p = .001). Specifically, in the no-contrast 
condition, preVf was less likely to be used when no set was specified (M = .49, SD 
= .26) than when a set was either explicitly given (M = .69, SD = .24; z = 3.67, p = 
.001), or implicitly given (M = .62, SD = .24; z = 2.54, p = .05). There was no signifi-
cant difference between the explicit and implicit conditions. Wilcoxon Signed Rank 
tests comparing the medians to chance level revealed that in the presence of a con-
trast context, the probability of choice of preVf in all three set conditions (explicit, 
implicit, none) was significantly higher than chance (z = 5.39, 5.27 and 5.36; all ps 
< .001). In the absence of contrast, participants produced a preVf word order with 
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Figure 3. Proportion of sentence types in the three contexts (error bars: 95% CI). The hori-
zontal dashed line represents the level of chance
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higher than chance probability when an explicit or implicit set was given (explicit: 
z = 3.64, p < .001; implicit: z = 2.72, p = .006); but the choice between preVf and 
neutral word order did not differ from chance when no set was given.

2.2.6  Discussion
Data obtained in Experiment 2 corroborated our hypotheses: the availability of 
sets facilitates the production of preVf sentences. The facilitation effect is present 
irrespective of the expression of contrast for both explicit and implicit sets. How-
ever, in the case of implicit sets, this facilitation effect diminishes if no contrast is 
to be expressed. Altogether, contrast also facilitates the production of preVf sen-
tences. Additionally, lack of contrast makes the production of preVf sentences less 
likely irrespective of the type (i.e. explicitness or implicitness) of the contextually 
available set. However, in the case of contrast, preVf is still reliably produced rela-
tive to chance level even if no set is available in the immediately preceding context. 
If both a contextually available set and contrast are missing, preVf is not produced 
reliably.

In sum, two important and intimately related factors have been identified 
which facilitate the production of preVf sentences: (i) the availability of a set and 
(ii) the expression of contrast.

3.  General discussion

The present study investigated the factors that potentially facilitate the use of sen-
tences in the preVf word order. Based on findings in the theoretical literature, it 
was hypothesized that two of these factors are the expression of (i) identification 
and (ii) contrast.

These factors were examined in a guided production study: in the experimen-
tal trials, participants were presented a context text and a cloud of words. The task 
was to produce sentences using the words in the cloud in a way that the newly 
constructed sentences fit the context and thus create a coherent text.

The results of the experiment showed that the aforementioned factors facili-
tate the use of preVf. However, it was also observed that even when no contrast 
was to be expressed, participants still reliably produced preVf sentences at a rate 
above chance level. In the case of SFT-questions, however, the rate of preVf sen-
tences was reliably under chance level. The authors of the present study believe 
that the formulation of the function of focus as outlined in Section 1.4 is the most 
appropriate one to account for the observed results. This formulation states that 
focus is a means of indicating the presence of alternatives. Furthermore, alterna-
tives can only be marked if there is a contextually available set (see e.g. Kenesei 
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2006). In terms of sets, focus creates a distinction: it designates a proper subset of 
the contextually available set, and consequently, creates a complementary set. The 
former is an instance of identification; the latter is an instance of contrast. Note 
that a set was present in all but one conditions in Experiment 1. In the identifica-
tion-condition, the narrow-wh-question created an implicit set of alternatives for 
the NP (cf. Examples (3) and (4)). In the contrast and no-contrast conditions, the 
first sentence of the contexts always contained an explicit set. In the SFT-question-
condition, however, in which a below chance level rate of preVf sentences was 
produced, neither an implicit nor an explicit set was present. For this reason, we 
conjectured that the availability of sets may be an underlying factor facilitating 
preVf use. In order to test this conjecture, a second experiment was run.

Experiment 2 tested conditions in which a set was either explicitly or implic-
itly present as well as conditions that referred to no set at all. In all cases, there were 
trials which contained contrast and trials which did not. It was predicted that in 
conditions that contained a set, preVf would be used. Likewise, if contrast is to be 
expressed, the rate of preVf sentences would be increased. The results of Experi-
ment 2 were in line with the predictions. PreVf sentences were reliably produced 
in conditions where a set was present, irrespective of whether the set was explicit 
or implicit. Also, contrast in general facilitated the rate of preVf sentences with 
respect to the no-contrast conditions. The only conditions in which the rate of 
preVf sentences was around chance level was the no-set-no-contrast-condition. 
Interestingly, we also observed the dominance of preVf sentences in the no-set-
contrast-conditions. This result deserves a mention. We believe that the high pro-
portion of preVf sentences can be accounted for in terms of sets, as well. Consider 
the context for one such trial as shown in (14a).

 (14) a. IN THE PLAYING CORNER:
   Ben had built a lot of towers, so he decided to build one now, as well.
  b. [Mike built x]
  c. [a castle, a house, a bridge, etc]

Although the context does not designate a set either explicitly or implicitly as in 
the other two conditions, a set is still evoked with respect to the second sentence if 
contrast is to be expressed. The mechanism is analogous to the one where identifi-
cation is triggered via a wh-question (cf. example (3) and (4)) as indicated in (14b) 
and (14c): by the contrastive use of focus a set of alternatives with respect to what 
can be built out of building blocks is introduced or evoked.

To conclude, the results of Experiment 1 and 2 jointly support the view 
that there is a general underlying factor determining the use of preVf sentences, 
namely, the contextual availability of a relevant set. The uses of preVf examined in 
the current paper are derivable from this factor.
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Another, independent observation may account for the dominating propor-
tions of preVf sentences in the conditions containing sets in the present experi-
ments. Káldi and Babarczy (2017) and Káldi and Babarczy (2018), in a series 
of visual world experiments, presented preVf, neutral and lexically marked 
focus sentences in contexts containing either explicit or implicit sets, and stud-
ied the rate of exhaustive interpretations of the presented sentence types. It was 
observed that in the case of preVf sentences, the rates of exhaustive interpreta-
tion were around 90% (where a chance level was 50%) in all conditions. This is 
a high ratio compared to those found in the literature where the rate of exhaus-
tive reading was measured in out-of-context preVf and neutral sentences. For 
example, an earlier study (Káldi, Babarczy & Bende-Farkas 2016) found that the 
rate of exhaustive reading was 65% for out-of-context preVf sentences. In sum, 
the results of the experiments reported in the present paper and of those cited 
above show that the contextual availability of sets matters for two reasons. On the 
one hand the present experiments showed that the availability of a set facilitates 
preVf use. On the other hand, the results of Káldi and Babarczy (2017) and Káldi 
and Babarczy (2018) demonstrate that if this set is either explicitly or implicitly 
given, the likelihood that preVf is interpreted exhaustively increases. To approach 
the question from a different perspective, note that according to É. Kiss (1998), 
preVf sentences have an exhaustive interpretation: for example if an answer to a 
narrow-wh-question is to be understood exhaustively, a preVf is used. Now, if we 
postulate that in scenarios where identification and/or contrast is to be expressed, 
a felicitous utterance has to contain a structure that has exhaustive interpreta-
tion (i.e. the speaker obeys the implicit “Mention all!” imperative), it follows that 
this structure will be a preVf sentence. Apparently, the availability of sets and the 
typically exhaustive interpretation of preVf are in an intricate relationship. More 
experimental work is needed, however, to clarify the mechanisms through which 
these factors interact.

4.  Conclusion

The results of the two experiments in the present paper showed that two impor-
tant functions of the preVf word order sentences are identification and contrast. 
A crucial factor underlying both of these functions is the availability of sets. Sets 
can be present in a number of ways: they can either be explicitly mentioned (e.g. 
by an enumeration), implicitly referred to (e.g. by a category name) or evoked (e.g. 
by a question or contrast). If a set is present and one or more of its elements are 
to be identified or contrasted, a preVf sentence is most likely used. Furthermore, 
it is highly likely that the availability of sets is a critical factor contributing to the 
typically exhaustive interpretation of preVf sentences.
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EVWUDFW XQJDULDQ KDV D V\QWDFWLFDOO\ PDUNHG IRFXV FRQVWUXFWLRQ ZKLFK KDV EHHQ

DVVRFLDWHG ZLWK H KDXVWLYH LQWHUSUHWDWLRQ 7KH IDFWRUV EHKLQG H KDXVWLYLW\ KDYH JHQHU

DWHG DQ H WHQVLYH GHEDWH VRPH WKHRULVWV DUJXH WKDW WKLV LQWHUSUHWDWLRQ LV GHWHUPLQHG DW

WKH V\QWD VHPDQWLFV LQWHUIDFH ZKLOH RWKHUV DUJXH WKDW LW LV WKH UHVXOW RI D SUDJPDWLF

LQIHUHQFH 3UHYLRXV H SHULPHQWDO ZRUN VXSSRUWV WKH ODWWHU YLHZ ,Q WKH SUHVHQW VWXG\ ZH

K\SRWKHVL HG WKDW ZLWKLQ SUDJPDWLF LQIHUHQFHV WKH H KDXVWLYLW\ DVVRFLDWHG ZLWK SUH I

LV WKH UHVXOW RI VFDODU LPSOLFDWXUH JHQHUDWLRQ 7R WHVW RXU K\SRWKHVLV ZH FRQGXFWHG WKUHH

H\H WUDFNLQJ H SHULPHQWV XVLQJ D OH LFDOO\ PDUNHG IRFXV FRQVWUXFWLRQ DV D EDVHOLQH 2XU

UHVXOWV VXSSRUW WKH K\SRWKHVLV D VWURQJ FRQWH W GHSHQGHQFH DQG D GHOD\ LQ SURFHVVLQJ

UHODWLYH WR WKH EDVHOLQH DUH LQ OLQH ZLWK HDUOLHU H SHULPHQWDO GDWD RQ VFDODUV :H WKXV

VXJJHVW WKDW IXWXUH UHVHDUFK RQ WKH H KDXVWLYLW\ RI XQJDULDQ IRFXV VKRXOG FRQFHQWUDWH

RQ SRWHQWLDO FRQWH WXDO HIIHFWV

. ZRUGV IRFXV LQWHUSUHWDWLRQ H KDXVWLYLW\ H\H WUDFNLQJ VFDODU LPSOLFDWXUHV FRQWH

WXDO HIIHFWV

1. Introduction
,Q XQJDULDQ D GLVFRXUVH FRQILJXUDWLRQDO ODQJXDJH LQIRUPDWLRQ VWUXFWXUDO IXQFWLRQV OLNH

7RSLF )RFXV DQG RPPHQW DUH DVVLJQHG GLIIHUHQW V\QWDFWLF SRVLWLRQV ZLWKLQ WKH VHQWHQFH

PRQJ WKHVH IXQFWLRQV )RFXV LV RQH WKDW KDV EHHQ VXEMHFW WR H WHQVLYH UHVHDUFK DQG

ZKRVH VHPDQWLF DQG SUDJPDWLF SURSHUWLHV KDYH EHHQ GHEDWHG YLJRURXVO\ ,Q WKH FHQWHU RI

WKLV GHEDWH OLHV WKH LVVXH RI H KDXVWLYH LQWHUSUHWDWLRQ DOWKRXJK WKHUH LV D FRQVHQVXV WKDW WKH
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XQJDULDQ )RFXV FRQVWUXFWLRQ KDV RU WHQGV WR KDYH DQ H KDXVWLYH LQWHUSUHWDWLRQ WUDGLWLRQDO

JHQHUDWLYLVW DFFRXQWV FODLP WKDW H KDXVWLYLW\ LV FRPSXWHG DW WKH V\QWD VHPDQWLFV LQWHUIDFH

ZKHUHDV DOWHUQDWLYH SUDJPDWLF DSSURDFKHV IDYRU WKH LGHD WKDW H KDXVWLYLW\ LV WKH UHVXOW RI

D SUDJPDWLF LQIHUHQFH ( SHULPHQWDO ZRUN VXSSRUWV WKH ODWWHU YLHZ

7KH DLP RI WKH SUHVHQW VWXG\ LV WZRIROG L ZH PDNH DQ DWWHPSW WR DGDSW WKH YLVXDO

ZRUOG SDUDGLJP LQ RUGHU WKDW WKH RQOLQH LQYHVWLJDWLRQ RI WKH )RFXV VWUXFWXUH EHFRPHV

SRVVLEOH LL ZH XVH WKLV PHWKRG WR WHVW K\SRWKHVHV GHULYHG IURP WKH UHVXOWV RI HDUOLHU

H SHULPHQWDO ZRUN

7KH UHVXOWV RI RXU ZRUN DUH LQ OLQH ZLWK WKRVH RI HDUOLHU H SHULPHQWDO UHVHDUFK DQG

PDUN RXW D QHZ SRVVLEOH OLQH RI UHVHDUFK RQ XQJDULDQ )RFXV

1.1 Theories of Focus Interpretation
7KH )RFXV VWUXFWXUH LQYHVWLJDWHG LQ WKH FXUUHQW SDSHU LV SUHVHQWHG LQ D WRJHWKHU ZLWK

LWV QHXWUDO FDQRQLFDO SDLU LQ E

D -iQRV 0DULW KtYWD PHJ

-RKQ 120 0DU\ FDOO 6J 3 67 verbal pre x
,W ZDV 0DU\ ZKR -RKQ LQYLWHG

E -iQRV PHJ KtYWD 0DULW

-RKQ 120 verbal pre x FDOO 6J 3 67 0DU\

-RKQ LQYLWHG 0DU\

)RUPDOO\ WKH GLIIHUHQFHV EHWZHHQ WKH WZR VHQWHQFH W\SHV DUH WKH IROORZLQJ LQ E

WKH YHUEDO SUHIL LV ORFDWHG EHIRUH WKH YHUE FRQVWLWXWLQJ RQH SKRQRORJLFDO ZRUG ZLWK

LW WKH 13 UHIHUULQJ WR 0DU\ LV LQ SRVW YHUEDO SRVLWLRQ ,Q WKH )RFXV FRQVWUXFWLRQ LQ

D KRZHYHU WKH FRUUHVSRQGLQJ 13 LV LQ SUH YHUEDO SRVLWLRQ ZKLOH WKH YHUEDO SUHIL

LV VLWXDWHG SRVW YHUEDOO\ 1RZ LW LV WKH LPPHGLDWHO\ SUH YHUEDO 13 WKDW FRQVWLWXWHV D

SKRQRORJLFDO ZRUG ZLWK WKH YHUE 7KH FRQVWUXFWLRQ LQ D KDV EHHQ DVVLJQHG YDULRXV

ODEHOV GHSHQGLQJ RQ ZKDW ZDV WDNHQ WR EH LWV PRVW SURPLQHQW VHPDQWLF SURSHUW\ )RU

example É. Kiss (1998), in her influential paper calls (1a) and (1b) identification- and
LQIRUPDWLRQ IRFXV UHVSHFWLYHO\ PDNLQJ D FDVH IRU WKH WHUPLQRORJLFDO GLVWLQFWLRQ RQ

WKH IROORZLQJ JURXQGV :KLOH LGHQWLILFDWLRQ IRFXV LGHQWLILHV D VXEVHW RI WKH FRQWH WX

DOO\ DYDLODEOH VHW RI HQWLWLHV IRU ZKLFK WKH SUHGLFDWH KROGV DQG WKLV LGHQWLILFDWLRQ LV

H KDXVWLYH LQIRUPDWLRQ IRFXV PHUHO\ FRQYH\V QHZ QRQ SUHVXSSRVHG LQIRUPDWLRQ DQG

H HUWV QR H KDXVWLYLW\ HIIHFW 6LQFH LQ WKH SUHVHQW ZRUN ZH ZLOO DUJXH IRU DQ DOWHUQDWLYH

1 Moreover, as rst Kálmán and Kornai (1989) noted, elements in the pre-verbal position receive
DQ HUDGLFDWLQJ VWUHVV PHDQLQJ WKDW WKH PRVW SURPLQHQW VWUHVV LV SODFHG RQ WKLV HOHPHQW ZKLOH WKH

domain following it has a at prosody (i.e., is void of other elements bearing main stress).
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DSSURDFK WR IRFXV LQWHUSUHWDWLRQ ZH ZLOO XVH WKH WKHRU\ QHXWUDO WHUPV SUH YHUEDO IRFXV

IRU D SUH I KHQFHIRUWK DQG QHXWUDO VHQWHQFH IRU E

V PHQWLRQHG HDUOLHU WKHUH LV D KHDWHG GHEDWH DERXW WKH LQWHUSUHWDWLRQDO FKDUDFWHU

LVWLFV RI SUH I LQ WKH OLWHUDWXUH ZKLOH QR RQH TXHVWLRQV WKH REVHUYDWLRQ WKDW SUH I KDV

DQ H KDXVWLYH LQWHUSUHWDWLRQ GLIIHUHQW WKHRUHWLFDO IUDPHZRUNV H SODLQ WKLV FKDUDFWHULVWLF

E\ SRVWXODWLQJ GLIIHUHQW LQWHUSUHWDWLRQDO SURFHVVHV

Generative frameworks predominantly associate preVf with a [+ exh] operator (e.g.,
Szabolcsi 1981; Szabolcsi 1994; Kenesei 1994; É. Kiss 1998; É. Kiss 2004; HorviWK

)RU H DPSOH e .LVV SURYLGHV D ZLGHO\ DFFHSWHG DQDO\VLV LQ WKH0LQLPDOLVW

IUDPHZRUN FRQVLGHULQJ PRYHPHQW WR WKH SUH YHUEDO SRVLWLRQ DQ RSHUDWRU PRYHPHQW ZKHUH

the focused element moves to spec-FP, where the head of FP contains the feature [+exh].
7KH WUDFH RI WKH PRYHG HOHPHQW LV ERXQG E\ )3 DQG WKH VFRSH RI IRFXV LV WKH GRPDLQ

c-commanded by the constituent in spec-FP” (É. Kiss 2004, 86–87). This accounts for
WKH REVHUYDWLRQ WKDW WKH F FRPPDQGHG SUHGLFDWH SDUW RI WKH VHQWHQFH H KDXVWLYHO\ KROGV

IRU WKH UHIHUHQW RI WKH IRFXVHG HOHPHQW 7KH RSHUDWRU DQDO\VLV WKXV SRVLWV D GHWHUPLQLVWLF

UHODWLRQVKLS EHWZHHQ IRUP DQG PHDQLQJ L H H KDXVWLYH PHDQLQJ LQ WKH FDVH RI SUH I

LQ ZKLFK H KDXVWLYH LQWHUSUHWDWLRQ LV FRQVLGHUHG DQ HQWDLOPHQW

OWHUQDWLYH DFFRXQWV RQ WKH RWKHU KDQG FODLP WKDW WKH H KDXVWLYH LQWHUSUHWDWLRQ LQ

WKH FDVH RI SUH I LV QRW VHPDQWLFDOO\ GHWHUPLQHG EXW UHVXOWV IURP SUDJPDWLF SURFHVVHV

:HGJZRRG IRU H DPSOH XSKROGV WKDW LW LV XQQHFHVVDU\ WR SRVLW DQ RSHUDWRU SUH I

is underspecified for exhaustivity.AsWedgwood’s reasoning goes, any component of the
PHDQLQJ RI D VWUXFWXUH FDQ RQO\ EH FRQVLGHUHG VHPDQWLFDOO\ GHWHUPLQHG LI WKDW DVSHFW LV

FRQWH W LQGHSHQGHQW ,I KRZHYHU WKLV FRPSRQHQW GHSHQGV RQ FRQWH W LW LV EHVW VHHQ DV

D SUDJPDWLF SKHQRPHQRQ 7KURXJK D FRUSXV DQDO\VLV RI WKH FRQWH WV SUH I DSSHDUV LQ

:HGJZRRG FRPHV WR WKH FRQFOXVLRQ WKDW WKH H KDXVWLYH LQWHUSUHWDWLRQ RI SUH I

LV YDULDEOH ZKLFK KH FRQVLGHUV WR EH D VWURQJ HPSLULFDO DUJXPHQW IRU WKH SUDJPDWLF YLHZ

RI SUH I LQWHUSUHWDWLRQ

WKLUG OLQH RI LQTXLU\ SURSRVHV WKDW WKH H KDXVWLYLW\ RI )RFXV LV D VHPDQWLF SUHVXS

SRVLWLRQ DV KDV EHHQ VXJJHVWHG IRU WKH H KDXVWLYLW\ RI (QJOLVK LW FOHIWV HOOHPDQ HW DO

2012; Buring and Kruz 2013). There is some disagreement, however, in the literature on
SUHVXSSRVLWLRQ ZKHWKHU LW VKRXOG EH FRQVLGHUHG D VHPDQWLF SKHQRPHQRQ RU D SUDJPDWLF

LPSOLFDWXUH ZLWK VRPH UHFHQW ZRUN FRQYLQFLQJO\ DUJXLQJ IRU WKH ODWWHU YLHZ 6FKHQNOHU

2008; Chemla and Bott 2013).
7KH WKHRUHWLFDO GHEDWH RQ WKH QDWXUH RI H KDXVWLYLW\ RI )RFXV LQVSLUHG DQ H WHQ

sive array of experimental work (see, e.g., Onea and Beaver 2011; Kas and Lukács
2013; Gerőcs et al. 2014; Káldi 2015), which uniformly supports the pragmatic view
of preVf interpretation. For the purposes of the present work Gerőcs at al. (2014)
SURYLGHV WKH PRVW UHOHYDQW UHVXOWV ,Q WKHLU ILUVW H SHULPHQW WKH DXWKRUV FRPSDUHG WKH

LQWHUSUHWDWLRQ RI SUH I VHQWHQFHV LQ D VKRUW DQG D ORQJ WLPH FRQGLWLRQ LQ D SLFWXUH

VHQWHQFH YHULILFDWLRQ H SHULPHQW SDUWLFLSDQWV KHDUG SUH I RU QHXWUDO VHQWHQFHV DIWHU
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ZKLFK WKH\ VDZ LPDJHV FRUUHVSRQGLQJ WR H KDXVWLYH RU QRQ H KDXVWLYH VFHQDULRV 7KH

H SHULPHQWDO WDVN ZDV WR MXGJH ZKHWKHU WKH LPDJH PDWFKHG WKH VHQWHQFH RU QRW ,Q WKH

VKRUW FRQGLWLRQ SDUWLFLSDQWV KDG WR UHVSRQG ZLWKLQ PV DIWHU YLVXDO VWLPXOXV RQVHW

WKH HQG RI WLPH OLPLW ZDV VLJQDOHG ZLWK D EHHSLQJ VRXQG ZKLOH LQ WKH ORQJ FRQGLWLRQ

they had 3000 ms to give their answer. Based on the hypothesis that during sentence
processing, pragmatic interpretation is preceded by semantic processing, Gerőcs at
DO SUHGLFWHG WKDW WKH OLPLWDWLRQ RI WLPH DQG WKHUHIRUH RI FRJQLWLYH UHVRXUFHV

DYDLODEOH IRU WKH SURFHVV RI LQWHUSUHWDWLRQ ZLOO UHVXOW LQ UHVSRQVHV WKDW UHIOHFW WKH

VHPDQWLF PHDQLQJ RI WKH SUHVHQWHG VHQWHQFHV ZKHUHDV LI PRUH WLPH LV DYDLODEOH DQG

WKXV SUDJPDWLF HQULFKPHQW FDQ WDNH SODFH UHVSRQVHV ZLOO UHIOHFW SUDJPDWLF PHDQLQJ

The results were in line with the authors’ predictions: in the short-condition the rate
RI H KDXVWLYH UHVSRQVHV LQ WKH FDVH RI SUH I VHQWHQFHV ZDV DURXQG FKDQFH OHYHO

ZKLOH LQ WKH ORQJ FRQGLWLRQ WKH UDWH RI H KDXVWLYH UHVSRQVHV ZDV VLJQLILFDQWO\ KLJKHU

(72%) but still well below 100%. Gerőcs at al. (2014) concluded that the exhaustive
LQWHUSUHWDWLRQ RI SUH I HPHUJHV DV D SUDJPDWLF LQIHUHQFH ,Q WKHLU VHFRQG H SHULPHQW

WKH DXWKRUV FRPSDUHG WKH LQWHUSUHWDWLRQDO FKDUDFWHULVWLFV RI OH LFDOO\ PDUNHG RQO

IRFXV RQO -f henceforth), preVf and cleft sentences in a sentence―picture matching
SDUDGLJP 3DUWLFLSDQWV UHDG D VHQWHQFH RI RQH RI WKH DERYH W\SHV DQG KDG WR GHFLGH

ZKLFK RQH RU PRUH RI IRXU LPDJHV PDWFKHG WKH VHQWHQFH EHVW 7KH VHW RI IRXU LPDJHV

LQFOXGHG RQH GHSLFWLQJ DQ H KDXVWLYH LQWHUSUHWDWLRQ D QRQ H KDXVWLYH LPDJH DQG WZR

distractors. According to the results participants gave an exhaustive response in 98%
RI WKH WULDOV LQ WKH RQO FRQGLWLRQ ZKLOH WKH UDWH RI H KDXVWLYH UHVSRQVHV ZDV ZHOO

below that in the cleft and preVf-conditions (54% and 35% respectively). Gerőcs at al.
FRQFOXGHG WKDW WKHVH UHVXOWV VXSSRUW WKH YLHZ WKDW H KDXVWLYLW\ LV QRW HQWDLOHG

EXW HPHUJHV DV D UHVXOW RI D SUDJPDWLF LQIHUHQFH

1.2  The Role of Pragmatics in the Exhaustive Interpretation of preVf
V PHQWLRQHG DERYH WKH UHVXOWV RI WKH EXON RI H SHULPHQWDO UHVHDUFK RQ WKH H KDXVWLYH

LQWHUSUHWDWLRQ RI SUH I VXSSRUW WKH YLHZ WKDW H KDXVWLYLW\ LV WLHG WR VRPH VRUW RI SUDJPDWLF

LQIHUHQFH 7KH SXUSRVH RI WKH SUHVHQW ZRUN LV WR LQYHVWLJDWH WKH K\SRWKHVLV WKDW WKH SUDJ

PDWLF LQIHUHQFH LQ TXHVWLRQ LV VFDODU LPSOLFDWXUH /HW XV EULHIO\ SUHVHQW WKH WKHRU\ EHKLQG

VFDODUV DQG LWV UHOHYDQFH IRU DFFRXQWLQJ IRU WKH H KDXVWLYHQHVV HIIHFWV UHODWHG WR SUH I

According to neo-Gricean accounts (see, e.g., Horn 1972; Gazdar 1979), certain
VHWV RI WHUPV FDQ EH RUGHUHG RQ D VFDOH RI VWUHQJWK RI PHDQLQJ FODVVLF H DPSOH LV

WKH VFDOH RI WKH FRQQHFWLYHV RU DQG DQG 7KH H SUHVVLRQ FRQWDLQLQJ RU LQ D LQ D JLYHQ

FRQWH W PD\ EH LQWHUSUHWHG H FOXVLYHO\ L H H FOXGLQJ WKH SRVVLELOLW\ RI 3HWHU EX\LQJ

ERWK DQ DSSOH DQG DQ RUDQJH 7KLV LQWHUSUHWDWLRQ LV FDOOHG XSSHU ERXQGHG LQ WKH WKHRU\

2 Apart from the conjunctions discussed here scalar expressions include certain quanti ers
H J VRPH PRVW DOO DQG DGMHFWLYHV ZDUP KRW HWF
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DV QRW DOO RI LWV SRVVLEOH UHIHUHQWV DUH LQFOXGHG LQ WKH VHW WR ZKLFK WKH SUHGLFDWH FDQ

DSSO\ )RU WKLV UHDVRQ RU LV DOVR UHIHUUHG WR DV D ZHDN WHUP RZHYHU DV VKRZQ LQ E

WKH XSSHU ERXQGHG LQWHUSUHWDWLRQ LV FDQFHOODEOH GHPRQVWUDWLQJ WKDW LWV PHDQLQJ FDQ EH

FRPSDWLEOH ZLWK WKH PHDQLQJ RI WKH VWURQJHU WHUP RQ WKH VFDOH DQG FDQ KDYH DQ LQFOXVLYH

ORZHU ERXQGHG LQWHUSUHWDWLRQ ZKLFK FRUUHVSRQGV WR LWV ORJLFDO LQWHUSUHWDWLRQ

(2) What do you think Peter bought at the market?
D , WKLQN KH ERXJKW DQ DSSOH RU DQ RUDQJH

E , WKLQN KH ERXJKW DQ DSSOH RU DQ RUDQJH FWXDOO\ , WKLQN KH ERXJKW DQ DSSOH

DQG DQ RUDQJH

,Q QHR *ULFHDQ WHUPV WKXV WKH XSSHU ERXQGHG LQWHUSUHWDWLRQ RI RU HPHUJHV DV D VFDODU

implicature in line with Grice’s (1975, 45) Maxim of Quantity (3): the speaker in (2a)
FRXOG KDYH XVHG WKH PRUH LQIRUPDWLYH RU VWURQJHU H SUHVVLRQ DQG EXW RSWHG IRU WKH

ZHDNHU RU VVXPLQJ WKDW WKH VSHDNHU REVHUYHG WKH 0D LP RI 4XDQWLW\ VKH PXVW KDYH

XVHG WKH ZHDNHU WHUP EHFDXVH WKH VWURQJHU WHUP GLG QRW DSSO\

D 0DNH \RXU FRQWULEXWLRQ DV LQIRUPDWLYH DV UHTXLUHG IRU WKH FXUUHQW SXUSRVHV

RI WKH H FKDQJH

E 'R QRW PDNH \RXU FRQWULEXWLRQ PRUH LQIRUPDWLYH WKDQ LV UHTXLUHG

,Q VXP WKH LQWHUSUHWDWLRQ RI DQG LV XQDPELJXRXVO\ LQFOXVLYH DW WKH OHYHO RI VHPDQWLFV

ZKLOH WKH LQWHUSUHWDWLRQ RI RU LV FRPSDWLEOH ZLWK WKH LQWHUSUHWDWLRQ RI DQG DW WKH VHPDQWLF

OHYHO DQG LWV XSSHU ERXQGHG LQWHUSUHWDWLRQ LV DVVRFLDWHG ZLWK D VFDODU LPSOLFDWXUH

W WKLV SRLQW LW LV LPSRUWDQW WR QRWH WKDW DOWKRXJK WKHVH H DPSOHV RI *ULFHDQ UHDVRQLQJ

PD\ FUHDWH WKH LPSUHVVLRQ WKDW *ULFH DQG WKRVH LQ WKH QHR *ULFHDQ WUDGLWLRQ DWWHPSWHG WR

GHVFULEH DFWXDO SV\FKRORJLFDO LQWHUSUHWDWLRQDO SURFHVVHV WKHVH WKHRULHV DV IRU H DPSOH

*HXUWV DUJXHV LQ GHWDLO KDYH QR LQWHQGHG SV\FKRORJLFDO UHDOLW\ )RU WKLV UHDVRQ

SV\FKROLQJXLVWLF VWXGLHV WXUQ WR WKHRULHV WKDW DOORZ UHVHDUFKHUV WR PDNH YDOLG SUHGLFWLRQV

RQ WKH PHQWDO LQWHUSUHWDWLRQDO SURFHVVHV WKHPVHOYHV UHODWHG WR VXFK H SUHVVLRQV 2QH

of these is Relevance Theory (Sperber and Wilson 1995). Relevance Theory claims
WKDW VFDODU H SUHVVLRQV DUH VHPDQWLFDOO\ XQGHUVSHFLILHG IRU FHUWDLQ DVSHFWV RI PHDQLQJ

IRU H DPSOH RU LV XQGHUVSHFLILHG IRU H FOXVLYH LQWHUSUHWDWLRQ V IDU DV WKH SURFHVV RI

LQWHUSUHWDWLRQ LV FRQFHUQHG HOHYDQFH 7KHRU\ UHOLHV RQ WKH QRWLRQ RI HOHYDQFH ZKLFK

LV GHILQHG LQ WKH IROORZLQJ ZD\ HYHU\WKLQJ HOVH KHOG FRQVWDQW WKH JUHDWHU WKH SRVLWLYH

FRJQLWLYH HIIHFW RI DQ LQSXW WKH KLJKHU LWV HOHYDQFH ZKLOH WKH JUHDWHU WKH SURFHVVLQJ

FRVW UHODWHG WR WKDW LQSXW WKH ORZHU LWV HOHYDQFH 6FDODU LPSOLFDWXUHV DULVH RQO\ LI WKH\

DUH HOHYDQW
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)HNHWH HW DO H DPLQHG WKH DERYH HOHYDQFH 7KHRUHWLF K\SRWKHVLV

FRQFHUQLQJ WKH XQGHUVSHFLILFDWLRQ RI VFDODU WHUPV 7KH DXWKRUV HPSOR\HG D VKDOORZ

SURFHVVLQJ SDUDGLJP LQ ZKLFK WKH\ FRPSDUHG WKH LQWHUSUHWDWLRQDO FKDUDFWHULVWLFV RI RU

DQG DQG 'XULQJ WKH H SHULPHQW VXEMHFWV KHDUG VHQWHQFHV LQ ZKLFK REMHFW 13V ZHUH

HLWKHU FRRUGLQDWHG ZLWK DQG RU RU H J -RKQ SHHOHG WKH RUDQJH DQG RU WKH EDQDQD

)ROORZLQJ WKH VHQWHQFHV LPDJHV ZHUH VKRZQ WKDW GHSLFWHG WKH UHIHUHQWV RI WKH 13V

LQ WZR SRVVLEOH VWDWHV HLWKHU RQO\ RQH RI WKH REMHFWV ZDV PDQLSXODWHG RU ERWK RI WKHP

H J DQ RUDQJH LQWDFW DQG D EDQDQD SHHOHG RU ERWK SHHOHG 7KH IRUPHU ZDV FRQJUXHQW

ZLWK DQ H FOXVLYH PHDQLQJ WKH SUDJPDWLF LQWHUSUHWDWLRQ RI RU ZKLOH WKH ODWWHU ZDV

FRQJUXHQW ZLWK DQ LQFOXVLYH PHDQLQJ WKH PHDQLQJ RI DQG WKH ORJLFDO PHDQLQJ RI RU

7KH H SHULPHQWDO WDVN ZDV WR GHFLGH LI WKH REMHFWV LQ WKH SLFWXUHV KDG EHHQ PHQWLRQHG

LQ WKH VHQWHQFHV RU QRW UHJDUGOHVV RI WKHLU VWDWH LQ WKH LPDJH 7KH GHSHQGHQW PHDVXUH

ZDV UHDFWLRQ WLPH 7 6LQFH LQ D VKDOORZ SURFHVVLQJ WDVN UHDFWLRQ WLPHV DUH NQRZQ

WR EH VORZHU ZKHQ WKH VWDWH RI WKH REMHFWV LQ WKH SLFWXUH IDLOV WR PDWFK WKH PHDQLQJ

RI WKH VHQWHQFH SDUWLFLSDQWV VKRXOG WDNH ORQJHU WR UHVSRQG WR H FOXVLYH SLFWXUHV WKDQ

WR LQFOXVLYH SLFWXUHV LQ WKH DQG FRQGLWLRQ )HNHWH HW DO IXUWKHU SUHGLFWHG WKDW LI RU LV

XQGHUVSHFLILHG IRU H FOXVLYHQHVV DV K\SRWKHVL HG E\ HOHYDQFH 7KHRU\ UHDFWLRQ WLPHV

VKRXOG QRW EH DIIHFWHG E\ SLFWXUH W\SH LQ WKH DQG FRQGLWLRQ 7KLV LV H DFWO\ ZKDW WKH\

IRXQG 7 ZDV VLJQLILFDQWO\ VORZHU IRU H FOXVLYH SLFWXUHV WKDQ IRU LQFOXVLYH SLFWXUHV LQ

WKH DQG FRQGLWLRQ LQGLFDWLQJ WKDW WKH LQFOXVLYH LQWHUSUHWDWLRQ RI DQG ZDV DXWRPDWLFDOO\

SURFHVVHG ,Q WKH RU FRQGLWLRQ KRZHYHU WKHUH ZDV QR GLIIHUHQFH LQ 7 EHWZHHQ WKH

LQFOXVLYH DQG H FOXVLYH SLFWXUH FRQGLWLRQV VXJJHVWLQJ WKDW WKH H FOXVLYH DQG LQFOXVLYH

LQWHUSUHWDWLRQV RI RU ZHUH HTXDOO\ DFWLYH

HOHYDQFH 7KHRU\ DOVR SURYLGHV D IUDPHZRUN IRU WKH LQWHUSUHWDWLRQ RI WKH UHVXOWV

of Gerőcs et al (2014) on preVf. In the short-condition, due to the limited amount of
DYDLODEOH WLPH WKH FRJQLWLYH UHVRXUFHV QHFHVVDU\ IRU LPSOLFDWXUH JHQHUDWLRQ ZHUH QRW

DYDLODEOH KHQFH WKH H KDXVWLYH LQWHUSUHWDWLRQ ZDV OHVV OLNHO\ WR EH FDOFXODWHG 3UH I LV

XQGHUVSHFLILHG IRU H KDXVWLYLW\ WKH H KDXVWLYH LQWHUSUHWDWLRQ FRUUHVSRQGV WR WKH XSSHU

ERXQGHG ZKHUHDV QRQ H KDXVWLYH LQWHUSUHWDWLRQ FRUUHVSRQGV WR ORZHU ERXQGHG UHDGLQJ

,Q OLQH ZLWK WKH UHDVRQLQJ RXWOLQHG DERYH RXU K\SRWKHVLV LV WKDW WKH H KDXVWLYH

LQWHUSUHWDWLRQ RI SUH I HPHUJHV DV D VFDODU LPSOLFDWXUH 7R WHVW RXU K\SRWKHVLV ZH

FRQGXFWHG WKUHH H\H WUDFNLQJ H SHULPHQWV ( SHULPHQW H DPLQHV WZR RSHUDWRUV WKDW

VKRZ D VLPLODU GLIIHUHQFH LQ LQWHUSUHWDWLRQDO FKDUDFWHULVWLFV WR ZKDW ZH K\SRWKHVL H LQ

WKH FDVH RI RQO I DQG SUH I VHQWHQFHV 7KHVH DUH FRQMXQFWLRQ DQG DQG GLVMXQFWLRQ

RU HVXOWV ZLOO HQDEOH XV WR LQIHU ZKDW WKH FRUUHODWHV RI VHPDQWLF DQG SUDJPDWLF

LQWHUSUHWDWLRQDO SURFHVVHV DUH LQ WKH H\H WUDFNLQJ GDWD ( SHULPHQW H DPLQHV ZKHWKHU

SHRSOH DUH VHQVLWLYH WR WKH WKHRUHWLFDOO\ PRWLYDWHG SUHVXSSRVLWLRQDO GLIIHUHQFHV EHWZHHQ

RQO I DQG SUH I VHQWHQFHV 7KLV LV LPSRUWDQW LI ZH ZRXOG OLNH WR XVH RQO I VHQWHQFHV

DV D EDVHOLQH FRQGLWLRQ LQ WKH VWXG\ RQ SUH I VHQWHQFHV )LQDOO\ H SHULPHQWV DQG

LQYHVWLJDWH WKH LQWHUSUHWDWLRQ RI SUH I
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2. Experiment 1
2.1 Materials and Method
7KH H\H WUDFNLQJ H SHULPHQWV SUHVHQWHG KHUH ZHUH UHFRUGHG ZLWK DQ (\H/LQN

Desktop Mount eye-tracker. In the first experiment 35 adult native Hungarians partici
SDWHG ZLWK QRUPDO RU FRUUHFWHG WR QRUPDO YLVLRQ SDUWLFLSDQWV ZHUH H FOXGHG IURP WKH

DQDO\VLV DV GDWD FROOHFWHG IURP WKHP ZDV QRW LQWHUSUHWDEOH GXH WR D KLJK DPRXQW RI WUDFN

ORVVHV FDOLEUDWLRQ LVVXHV HWF

During the experiment 8 critical linguistic stimuli were presented. These were
VHQWHQFHV WKDW FRQWDLQHG REMHFW 13V FRRUGLQDWHG E\ HLWKHU DQG RU RU

D DQG FRQG )pOEHYiJWD D HSUHW

FXW LQ KDOI 6J 3 67 WKH VWUDZEHUU\

pV D NLYLW

DQG WKH NLZL

6KH VSOLW WKH VWUDZEHUU\ DQG WKH NLZL

E RU FRQG )pOEHYiJWD D HSUHW

FXW LQ KDOI 6J 3 67 WKH VWUDZEHUU\

YDJ\ D NLYLW

RU WKH NLZL

6KH VSOLW WKH VWUDZEHUU\ RU WKH NLZL

/LQJXLVWLF VWLPXOL ZHUH UHFRUGHG LQ DQ DGXOW PDOH YRLFH LVXDO VWLPXOL ZHUH SUHVHQWHG LQ

IRXU LPDJH TXDGUDQWV RQ D VFUHHQ 7KH TXDGUDQWV LQFOXGHG DQ LQFOXVLYH DQG DQ H FOXVLYH

VFHQDULR DQG WZR GLVWUDFWRUV )LJ

)LJ U ( DPSOH GLVSOD\ PRQRFKURPH YHUVLRQ IRU WKH H\H WUDFNLQJ H SHULPHQWV L H

H SHULPHQW ,QFOXVLYH VFHQDULR ERWWRP OHIW H FOXVLYH RU H KDXVWLYH VFHQDULR

XSSHU ULJKW GLVWUDFWRUV XSSHU OHIW DQG ERWWRP ULJKW
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7KH SURFHGXUH ZHQW DV IROORZV 3DUWLFLSDQWV VDZ D IL DWLRQ FURVV ZKLFK WKH\ KDG WR

IL DWH IRU PV 7KHFURVV GLVDSSHDUHG DQG WKHYLVXDO DQG OLQJXLVWLF VWLPXOL ZHUH SUHVHQWHG

VLPXOWDQHRXVO\ 7KH WDVN RI WKH SDUWLFLSDQW ZDV WR FKRRVH WKH LPDJH WKDW EHVW PDWFKHG WKH

linguistic stimulus. Responses were given with a hand-held 5-button response box (type:
(63216(3L DQGKHOG

The experiment consisted of three blocks: twopractice blocks of 17 and8 trials and a test
EORFNRI WULDOV 7KH WHVW EORFN FRQVLVWHG RI VHQWHQFHV LQ WKH DQG DQG LQ WKH RU FRQGLWLRQ

and 18 additional fillers. Linguistic stimuli were presented in a random order in such a way
WKDW HDFK VHQWHQFHZDV SUHVHQWHG LQ RQO\ RQH FRQGLWLRQ OVR WKH SRVLWLRQ RI LPDJH W\SHV DQG

WKH RUGHU RI REMHFWV ZLWKLQ WKH LPDJHV ZHUH EDODQFHG DFURVV WKH ZKROH H SHULPHQW

6LQFH WKH XVH RI DQ 13 FRRUGLQDWHG E\ RU LQ D VLWXDWLRQ ZKRVH FLUFXPVWDQFHV DUH

NQRZQ WR DOO LQWHUORFXWRUV LV LQIHOLFLWRXV LW ZDV QHFHVVDU\ WR GLVWDQFH WKH OLQJXLVWLF VWLPXOL

IURP WKH VLWXDWLRQV GHSLFWHG E\ WKH LPDJHV )RU WKLV UHDVRQ ZH FUHDWHG D FRQWH W VWRU\ DW

WKH EHJLQQLQJ RI WKH VHFRQG SUDFWLFH EORFN SDUWLFLSDQWV ZHUH DVNHG WR LPDJLQH WKDW WKH\

ZHUH OLVWHQLQJ WR WKH VHQWHQFHV RI H\H ZLWQHVVHV RI FULPHV DQG DV SDUDOHJDOV WKH\ KDG WR

decide which scenario best matched the witnesses’ description. Participants were given
IHHGEDFN RQ WKHLU UHVSRQVH DIWHU HDFK WULDO W WKH EHJLQQLQJ RI WKH WKLUG EORFN SDUWLFLSDQWV

ZHUH LQIRUPHG WKDW WKH\ DUH QRW SDUDOHJDOV DQ\ PRUH EXW UHDO GHFLVLRQ PDNHUV DQG ZLOO

QRW EH JLYHQ DQ\ IXUWKHU IHHGEDFN

7KH GHSHQGHQW PHDVXUHV ZHUH FKRLFH RI LPDJH DQG WKH SURSRUWLRQ RI IL DWLRQV 3R)

RQ WKH TXDGUDQWV DV D IXQFWLRQ RI WLPH HJDUGLQJ WKH FKRLFH RI LPDJHV ZH H SHFWHG

WKH LQWHUSUHWDWLRQ RI DQG VHQWHQFHV WR EH LQYDULDQWO\ LQFOXVLYH ZKLOH WKH LQWHUSUHWDWLRQ RI

RU sentences―in the absence of a disambiguating context―to be divided between inclusive
DQG H FOXVLYH HJDUGLQJ WKH H\H WUDFNLQJ GDWDZH H SHFWHG WKH IL DWLRQV WR FRQYHUJH IDVWHU

RQ WKH LQFOXVLYH LPDJH LQ WKH DQG FRQGLWLRQ WKDQ LQ WKH RU FRQGLWLRQ 7KLV ZRXOG PHDQ WKDW

H\H JD H GDWD VKRZ D JUHDWHU GHJUHH RI KHVLWDWLRQ LQ WKH FDVH RI SURFHVVLQJ RU VHQWHQFHV

WKDQ LQ WKH FDVH RI DQG VHQWHQFHV HYHQ LI WKH H SOLFLW FKRLFH RI LPDJHV GRHV QRW UHYHDO D

GLIIHUHQFH EHWZHHQ WKH WZR FRQGLWLRQV

2.2 Results
7KH UHVXOWV RI WKH H SHULPHQW ZHUH LQ OLQH ZLWK RXU H SHFWDWLRQV 7KH FKRLFH RI H FOXVLYH

LPDJH LQ WKH DQG-condition was 100%, while in the RU-condition responses diverged: 18%
of participants always chose the inclusive image, 57% always chose the exclusive image
and 25% varied in their choices.

V D GLUHFW FRPSDULVRQ RI H\H WUDFNLQJ GDWD ZDV SRVVLEOH RQO\ LQ WKRVH FDVHV ZKHUH

WKH SDUWLFLSDQWV JDYH DQ LQFOXVLYH UHVSRQVH ZH UHSRUW GDWD IURP WKHVH WULDOV GDWD JDWKHUHG

IURP SDUWLFLSDQWV

)LJXUH SUHVHQWV WKH 3R) RQ WKH LQFOXVLYH LPDJH DV D IXQFWLRQ RI WLPH FDOFXODWHG DV

WKH QXPEHU RI IL DWLRQV RQ WKH LQFOXVLYH LPDJH DV D SURSRUWLRQ RI WKH QXPEHU RI IL DWLRQV

on the inclusive + the exclusive image. We split the trials into three interest periods (IP).
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(5) ,3 )URP VWLPXOXV RQVHW WR FRQQHFWLYH RQVHW

,3 From connective onset to sentence o set.
,3 From sentence o set to average RT.

)LJ U PoF on the inclusive quadrant (%)

V )LJXUH VKRZV ORRNV RQ WKH WZR FRPSHWLQJ LPDJH W\SHV DUH DURXQG FKDQFH OHYHO

LQ ERWK FRQGLWLRQV EHIRUH WKH FRQQHFWLYH IWHU FRQQHFWLYH RQVHW KRZHYHU 3R) VWDUWV

WR FRQYHUJH RQ WKH LQFOXVLYH LPDJH LQ WKH DQG FRQGLWLRQ ZKLOH LQ WKH RU FRQGLWLRQ LW

heavily fluctuates and stays around 50%. This pattern in the RU FRQGLWLRQ LV FDUULHG RYHU
WR ,3 GHVSLWH WKH IDFW WKDW RQO\ GDWD IURP WKH LQFOXVLYH UHVSRQVH W\SH DUH SUHVHQWHG

KHUH 'DWD ZHUH DQDO\ HG ZLWK D WZR ZD\ UHSHDWHG PHDVXUHV 12 )DFWRUV ZHUH

,3 QG DQG UG DQG RQQHFWLYH W\SH DQG DQG RU FFRUGLQJ WR WKH UHVXOWV WKH PDLQ

effect of Connective Type was highly significant (F(1, 11) = 35.91; S KRZHYHU

WKHUH ZDV QR PDLQ HIIHFW RI ,3 DQG LQWHUDFWLRQ 'DWD WKXV UHIOHFW WKDW DOUHDG\ LPPHGL

DWHO\ DIWHU WKH FRQQHFWLYH DQG EHIRUH WKH RIIVHW RI WKH VHQWHQFH 3R) GLYHUJHG LQ WKH WZR

FRQGLWLRQV ZKLOH LQ WKH FDVH RI DQG SDUWLFLSDQWV TXLFNO\ ORRN DZD\ IURP WKH H FOXVLYH

LPDJH LQ WKH RU FRQGLWLRQ WKH KHVLWDWLRQ UHPDLQV UHJDUGLQJ WKH PHDQLQJ RI WKH FRQQHF

WLYH 7KLV KHVLWDWLRQ LQ RXU LQWHUSUHWDWLRQ RI WKH GDWD UHIOHFWV WKH XQGHUVSHFLILFDWLRQ RI

RU IRU H FOXVLYH UHDGLQJ

3. Experiment 2
3.1  Materials and Method
V PHQWLRQHG HDUOLHU WKH SXUSRVH RI RXU LQYHVWLJDWLRQ ZDV WR H DPLQH WKH LQWHUSUH

WDWLRQDO SURFHVVHV DVVRFLDWHG ZLWK WKH WHQGHQWLRXVO\ H KDXVWLYH UHDGLQJ RI SUH I

XVLQJ RQO I VHQWHQFHV DV D EDVHOLQH RZHYHU WKHRUHWLFDO FRQFHUQV KDYH EHHQ UDLVHG
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UHJDUGLQJ WKLV FRPSDULVRQ RQ WKH JURXQGV WKDW WKH WZR VWUXFWXUHV GLIIHU ZLWK UHVSHFW

to their division into presupposed and asserted content (cf., e.g., Horn 1969; Bende-
Farkas 2009). We provide a simplified comparison of the relevant aspect of these
GLIIHUHQFHV LQ 7DEOH

6 QW QF W S ([DPSO 3U V SSRV G
FRQW QW

VV UW G
FRQW QW

R O I Ő csak a kivit vágta félbe.
6 KH RQO\ VSOLW D NLZL

( )

SU 9I Ő a kivit vágta félbe.
,W ZDV WKH NLZL V KH VSOLW

( )

7DEO Q RXWOLQH RI WKH GLIIHUHQFHV LQ WKH SUHVXSSRVLWLRQDO DQG DVVHUWHG FRQWHQW RI

RQO I DQG SUH I VHQWHQFHV

V 7DEOH VKRZV DOWKRXJK ERWK VWUXFWXUHV DUH DVVRFLDWHG ZLWK DQ H KDXVWLYH UHDGLQJ

WKLV UHDGLQJ LV HQFRGHG LQ WKHP LQ GLIIHUHQW ZD\V 7KLV XQGHUO\LQJ GLIIHUHQFH DV FULWLFV

RI WKH PHWKRG FODLP PD\ UHVXOW LQ FRQIRXQG HIIHFWV LQ WKH FRPSDULVRQ

,Q RUGHU WR LQYHVWLJDWH WKH YDOLGLW\ RI WKLV FULWLFLVP ZH FRQGXFWHG DQ RQOLQH VHQWHQFH

completion survey. The survey consisted of 8 different test sentences (4 RQO SUH I

ZLWK WZR SRVVLEOH HPSKDWLF FRQWLQXDWLRQ SKUDVHV

D PiVW QHP

HOVH QRW

DQG QRWKLQJ HOVH

E QHP PiVW

QRW HOVH

“(and) not something else” (i.e., “[and] exactly that”)

7KH SKUDVHV LQ D DQG E UHIOHFW RQ WKH SUHVXSSRVHG FRQWHQW RI WKH RQO I DQG SUH I

VHQWHQFHV UHVSHFWLYHO\ LQ D ZD\ WKDW WKH\ DUH V\QRQ\PRXV ZLWK WKH DVVHUWHG FRQWHQW

RI WKH WZR VHQWHQFH W\SHV LQ WKH FDVH RI RQO\ I D LV OLWHUDOO\ V\QRQ\PRXV ZLWK LW

ZKHUHDV LQ WKH FDVH RI SUH I E H SUHVVHV WKH LGHQWLILFDWLRQ WKDW WKH DVVHUWHG SDUW RI WKH

IRFXV H SUHVVHV 7KHUHIRUH ZH FRXOG UDWKHU VD\ WKDW WKH HQGLQJV LQ DUH HPSKDWLF DQG

VSHOOHG RXW FRXQWHUSDUWV RI WKH DVVHUWHG FRQWHQWV RI WKH UHVSHFWLYH VHQWHQFH W\SHV ORQJ

WKLV OLQH RXU SUHGLFWLRQ ZDV WKDW LI UHVSRQGHQWV DUH VHQVLWLYH WR WKH SUHVXSSRVHG FRQWHQW

RI RQO I DQG SUH I VHQWHQFHV WKH\ ZRXOG SUHGRPLQDQWO\ FKRRVH D DV D FRQWLQXDWLRQ

IRU WKH IRUPHU DQG E IRU WKH ODWWHU 7KH VXUYH\ FRQWDLQHG DQ DGGLWLRQDO ILOOHU LWHPV

OO LWHPV ZHUH UDQGRPL HG LQ D ZD\ WKDW PLQLPDOO\ RQH ILOOHU LWHP LQWHUYHQHG EHWZHHQ
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WZR WHVW LWHPV 7KH VXUYH\ ZDV DGPLQLVWHUHG WKURXJK *RRJOH 6KHHWV :H DQDO\ HG WKH

data gathered from 50 adult native Hungarians.

3.2  Results and Conclusion
3DUWLFLSDQWV FRPSOHWHG RQO -f sentences with (6a) 97.5% (SD = 7.57) of the time, whereas
that ending was chosen only 45.5% (SD = 36.17) of the times in the preVf-condition.A
RQH VDPSOH W WHVW UHYHDOHG WKDW WKLV UDWH LV QRW VLJQLILFDQWO\ GLIIHUHQW IURP FKDQFH OHYHO

Based on the result that respondents found both (6a) and (6b) compatible with preVf
VHQWHQFHV ZH FRQFOXGHG WKDW WKHUH LV D VWURQJ SRVVLELOLW\ WKDW SHRSOH DUH QRW VHQVLWLYH WR

WKH GLIIHUHQFH LQ WKH SUHVXSSRVHG DQG DVVHUWHG FRQWHQW RI RXW RI FRQWH W SUH I VHQWHQFHV

DV SUHGLFWHG E\ WKHRU\ RQVHTXHQWO\ WKH DERYH WKHRUHWLFDO FULWLFLVP GRHV QRW KROG DQG

RQO I VHQWHQFHV FDQ EH XVHG DV D EDVHOLQH FRQGLWLRQ LQ H SHULPHQWDO LQYHVWLJDWLRQV RQ

WKH H KDXVWLYH LQWHUSUHWDWLRQ RI SUH I

4. Experiment 3
( SHULPHQW FRPSDUHG WKH SURFHVVHV DVVRFLDWHG ZLWK WKH H KDXVWLYH LQWHUSUHWDWLRQ RI

RQO I DQG SUH I VHQWHQFHV ,Q WKH OLJKW RI WKH UHVXOWV RI ( SHULPHQW DQG WKH WKHRUHWLFDO

FRQVLGHUDWLRQV RXWOLQHG LQ ZH FRQMHFWXUHG WKDW GDWD REWDLQHG LQ WKH DQG FRQGLWLRQ LQ

( SHULPHQW ZRXOG SDWWHUQ ZLWK GDWD REWDLQHG IURP WKH RQO FRQGLWLRQ ZKHUHDV GDWD

IURP WKH RU FRQGLWLRQ ZRXOG SDWWHUQ ZLWK WKRVH IURP WKH SUH I FRQGLWLRQ

4.1 Materials and Method
18 nativeHungarian adults participated in Experiment 3, 2 of whomhad to be excluded for
WHFKQLFDO UHDVRQV 1RQH RI WKH SDUWLFLSDQWV RI ( SHULPHQWV RU SDUWLFLSDWHG LQ ( SHUL

PHQW 7KH SURFHGXUH DQG GDWD UHFRUGLQJ ZHUH LGHQWLFDO WR WKRVH RI ( SHULPHQW 7KH

WKLUG H SHULPHQWDO EORFN FRQWDLQHG WHVW WULDOV RQO I DQG SUH I DQG ILOOHUV

( DPSOHV RI OLQJXLVWLF VWLPXOL DVVRFLDWHG ZLWK WKH YLVXDO VWLPXOL VHH H DPSOH LQ )LJXUH

DUH JLYHQ LQ /LQJXLVWLF VWLPXOL ZHUH UHFRUGHG LQ DQ DGXOW PDOH YRLFH

D RQO FRQG VDN D NLYLW YiJWD IpOEH

RQO\ WKH NLZL FXW 6J 3 67 LQ KDOI

6 KH VSOLW RQO\ WKH NLZL

E SUH I FRQG NLYLW YiJWD IpOEH

WKH NLZL FXW 6J 3 67 LQ KDOI

,W ZDV WKH NLZL V KH VSOLW

:H XVHG WKH FRQWH W VWRU\ SUHVHQWHG LQ ZLWK QR PRGLILFDWLRQ 7KH GHSHQGHQW PHDVXUHV

MXVW DV LQ WKH ILUVW H SHULPHQW ZHUH WKH FKRLFH RI LPDJH DQG 3R) RQ WKH H KDXVWLYH LPDJH

DV D IXQFWLRQ RI WLPH
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4.2 Results
HJDUGLQJ FKRLFH RI LPDJH WKH GDWD ZHUH XQLIRUP SDUWLFLSDQWV FKRVH WKH LPDJH DVVRFL

ated with the exhaustive scenario in 100% of the trials in both conditions.
For the analysis of eye-tracking data we created three IPs (8).

(8) ,3 )URP VWLPXOXV RQVHW WR YHUE RQVHW

,3 From verb onset to sentence o set.
,3 From sentence o set to average RT.

)LJXUH GLVSOD\V WKH 3R) RQ WKH H KDXVWLYH LPDJH QXPEHU RI IL DWLRQV RQ WKH H KDXV

tive image as a proportion of the duration of fixations on the exhaustive [target] + the
non-exhaustive [alternative] image) as a function of time. In IP2, PoFs on the target and
WKH DOWHUQDWLYH LPDJHV DUH DSSUR LPDWHO\ HTXDOO\ GLVWULEXWHG ,Q ,3 ORRNLQJ SUHIHUHQFH

JUDGXDOO\ PRYHV WRZDUGV WKH WDUJHW LPDJH 7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ

WKH WZR FRQGLWLRQV 'DWD ZHUH DQDO\ HG LQ D WZR ZD\ UHSHDWHG PHDVXUHV 12 ,3

and Sentence Type). Only IP had a significant main effect (F(1, 15) = 14.03; S  

)LJ U 3R) RQ WKH H KDXVWLYH TXDGUDQW

4.3 Discussion
In Experiment 3, the explicit choices of image suggest that―contrary to earlier experi
mental results―participants uniformly exhaustively interpreted not only the lexically
PDUNHG RQO I VHQWHQFHV EXW DOVR SUH I VHQWHQFHV (\H WUDFNLQJ GDWD DOVR VXJJHVW WKDW

LQ WKH JLYHQ H SHULPHQWDO VHWXS WKH LQWHUSUHWDWLRQDO SURFHVV DVVRFLDWHG ZLWK WKH WZR

VWUXFWXUHV LV LGHQWLFDO 3R) RQ WKH DOWHUQDWLYH QRQ H KDXVWLYH LPDJH GHFUHDVHV RYHU WLPH

DW WKH VDPH UDWH LQ WKH WKUHH ,3V
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7KH REVHUYHG VLPLODULWLHV RI WKH LQWHUSUHWDWLRQDO SURFHVVHV DVVRFLDWHG ZLWK WKH

WZR VWUXFWXUHV PD\ VXSSRUW WKH WUDGLWLRQDO JHQHUDWLYH WKHRULHV RZHYHU WKH\ GR QR

QRW FRQWUDGLFW WKH SUDJPDWLF WKHRULHV HLWKHU DV LW FDQ HDVLO\ EH DSSUHFLDWHG WKDW WKH

H SHULPHQWDO WDVN LQWURGXFHG D FRQWH WXDO IDFWRU SRVVLEO\ KDYLQJ DQ HIIHFW RQ WKH

UHVXOWV V SDUWLFLSDQWV ZHUH LQVWUXFWHG WR FKRRVH RQO\ RQH LPDJH WKH FRQWH W RI WKH

WDVN PD\ KDYH LPSOLHG WKDW WKHUH LV RQH XQDPELJXRXVO\ DSSURSULDWH FKRLFH LQ HDFK

WULDO :H WKXV DVVXPHG WKDW WKH XQLIRUPLW\ LQ ERWK FKRLFHV RI LPDJH DQG H\H WUDFNLQJ

GDWD ZHUH WKH UHVXOW RI D IRUFHG FKRLFH HIIHFW

:H EDVHG RXU DVVXPSWLRQ UHJDUGLQJ WKH IRUFH FKRLFH HIIHFW RQ HDUOLHU H SHULPHQWDO

work (see, e.g., Grodner et al. 2010; Bergen and Grodner 2012) which showed that
WKH FRPSOH LW\ RI H SHULPHQWDO WDVN DQG RWKHU FRQWH WXDO IDFWRUV KDYH DQ HIIHFW RQ

WKH LQWHUSUHWDWLRQ RI VFDODU H SUHVVLRQV LGHQWLILDEOH HYHQ LQ RQOLQH SURFHVVLQJ UHODWHG

GDWD ,Q OLQH ZLWK WKHVH ZH K\SRWKHVL HG WKDW WKH UHVXOWV RI ( SHULPHQW WKRXJK

LPSRUWDQW DUH QRW FRQFOXVLYH DQG ZH KDYH WR FRQWURO IRU WKH SRWHQWLDO FRQIRXQG E\

DOORZLQJ SDUWLFLSDQWV WR FKRRVH DQ\ QXPEHU RI LPDJHV

5. Experiment 4
5.1 Materials and Method

QDWLYH XQJDULDQ DGXOWV SDUWLFLSDWHG LQ WKH WKLUG H SHULPHQW 7KH FRQWH W VWRU\ IRU

WKH H SHULPHQW UHPDLQHG XQFKDQJHG DQG QR PRGLILFDWLRQ ZDV PDGH WR WKH H SHULPHQWDO

LQVWUXFWLRQV H FHSW IRU RQH SDUWLFLSDQWV ZHUH LQIRUPHG WKDW WKH\ FRXOG FKRRVH DQ\

QXPEHU LPDJH TXDGUDQWV GXULQJ WKH WULDOV HVSRQVHV ZLWK WKH EXWWRQ ER ZHUH JLYHQ

DV IROORZV SDUWLFLSDQWV SUHVVHG WKH EXWWRQ V FRUUHVSRQGLQJ WR WKH TXDGUDQW V WKH\

IHOW PDWFKHG WKH OLQJXLVWLF VWLPXOXV DQG WKHQ SUHVVHG D ILIWK PLGGOH EXWWRQ WR VLJQDO

WKH HQG RI UHVSRQGLQJ 6LQFH WKLV ZD\ RI UHVSRQGLQJ LV VOLJKWO\ PRUH FRPSOLFDWHG WKH

QXPEHU RI SUDFWLFH WULDOV ZDV LQFUHDVHG WR LQ WKH ILUVW DQG LQ WKH VHFRQG EORFN

7KH WHVW WKLUG EORFN FRQVLVWHG RI FULWLFDO WULDOV RQO I SUH I DQG ILOOHUV

5.2 Results
7KH IUHTXHQFLHV RI LPDJH FKRLFHV DUH SUHVHQWHG LQ 7DEOH HVSRQVH W\SHV ZHUH

GHILQHG DV IROORZV ( KDXVWLYH UHVSRQVHV ZHUH WKRVH ZKHUH SDUWLFLSDQW FKRVH RQO\

WKH H KDXVWLYH LPDJH DQG QRQ H KDXVWLYH UHVSRQVHV ZKHUH SDUWLFLSDQW FKRVH ERWK

WKH H KDXVWLYH DQG WKH QRQ H KDXVWLYH LPDJH RU RQO\ WKH QRQ H KDXVWLYH LPDJH :H

H FOXGHG WULDOV LQ ZKLFK GLVWUDFWRU LPDJHV ZHUH FKRVHQ WULDOV ( KDXVWLYH UHVSRQVHV

were given 93.33% of the time in the RQO -condition but only 65.0% of the time in
WKH SUH I FRQGLWLRQ

2XU DQDO\VLV DV LQ WKH ILUVW H SHULPHQW LV UHVWULFWHG WR WULDOV LQ ZKLFK SDUWLFLSDQWV

JDYH WKH UHVSRQVH WKDW LV FRQJUXHQW ZLWK ERWK RI WKH WHVW VWUXFWXUHV L H WKH H KDXVWLYH

UHDGLQJ LQ WKLV FDVH V RXW RI SDUWLFLSDQWV JDYH D QRQ H KDXVWLYH UHVSRQVH LQ DOO

trials, we analyzed data gathered from 29 participants.
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2QO ([K
LPDJ

0 DQ 6
2QO QRQ [K

LPDJ
RWK [K QRQ [K

LPDJ V
0 DQ 6

2Q
GLVWUDFWRU
0 DQ 6

O I 93.33 (17.29) 5.00 (13.77)
3U 9I 65.00 (35.72) 0.83 (4.56)

7DEO 'LVWULEXWLRQ RI FKRLFH RI LPDJHV DV SHUFHQWDJHV ZLWK 6'

,3V GHILQHG IRU ( SHULPHQW ZHUH LGHQWLFDO WR WKRVH GHILQHG IRU WKH ( SHULPHQW VHH

[8]). Figure 4 displays the PoF on the exhaustive image as a percentage of PoF on the
H KDXVWLYH DQG QRQ H KDXVWLYH LPDJHV DV D IXQFWLRQ RI WLPH

)LJ U PoF on the exhaustive quadrant (%)

V )LJXUH VKRZV 3R) RQ WKH H KDXVWLYH LPDJH DIWHU WKH YHUE RQVHW LV SURSRUWLRQDWHO\

GLVWULEXWHG EHWZHHQ WKH H KDXVWLYH DQG QRQ H KDXVWLYH LPDJHV /DWHU 3R)V LQ WKH WZR

FRQGLWLRQV GLYHUJH DV 3R) RQ WKH H KDXVWLYH LPDJH JUDGXDOO\ LQFUHDVHV LQ WKH RQO

FRQGLWLRQ ZKLOH LW UHPDLQV DW FKDQFH OHYHO LQ WKH SUH I FRQGLWLRQ GHVSLWH WKH IDFW WKDW

DW WKH HQG RI WKH WULDO WKH H KDXVWLYH LPDJH ZDV FKRVHQ UHSHDWHG PHDVXUHV IDFWRULDO

ANOVA (IP x Sentence Type) revealed a significant main effect of IP (F(1.28) = 17.49;
S < 0.001) and of Sentence Type (F(1.28) = 17.49; S  7KH LQWHUDFWLRQ RI WKH WZR

YDULDEOHV ZDV QRW VLJQLILFDQW

6. Conclusion
7KH SXUSRVH RI WKH FXUUHQW LQYHVWLJDWLRQ ZDV WR H DPLQH WKH LQWHUSUHWDWLRQDO SURFHVVHV

DVVRFLDWHG ZLWK WKH H KDXVWLYH LQWHUSUHWDWLRQ RI SUH I 2XU K\SRWKHVLV ZDV WKDW WKH
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H KDXVWLYH LQWHUSUHWDWLRQ RI SUH I LV WLHG WR VFDODU LPSOLFDWXUH JHQHUDWLRQ 7KH K\SRWKHVLV

ZDV WHVWHG ZLWK WKUHH H\H WUDFNLQJ H SHULPHQWV DQG DQ RQOLQH VXUYH\

)LUVW ZH FRPSDUHG WKH LQWHUSUHWDWLRQ RI D PLQLPDO SDLU RI VHQWHQFHV ZKLFK KDG EHHQ

VKRZQ WR EH LQWHUSUHWHG YLD GLIIHUHQW SURFHVVHV 7KHVH ZHUH VHQWHQFHV FRQWDLQLQJ 13V

FRRUGLQDWHG E\ DQG DQG RU 2XU UHVXOWV VXSSRUWHG WKH YLHZ WKDW WKH LQFOXVLYH UHDGLQJ

RI DQG LV WLHG WR VHPDQWLF ZKLOH WKH H FOXVLYH UHDGLQJ RI RU LV WLHG WR SUDJPDWLF VFDODU

LPSOLFDWXUH LQWHUSUHWDWLRQDO SURFHVVHV ( SOLFLW EHKDYLRUDO GDWD VKRZHG WKDW WKHUH ZHUH

XQLIRUPO\ LQFOXVLYH UHVSRQVHV LQ WKH DQG DQG ERWK LQFOXVLYH DQG H FOXVLYH UHVSRQVHV LQ

WKH RU FRQGLWLRQ (\H WUDFNLQJ GDWD DOVR UHYHDOHG D GLIIHUHQFH 3R) LQ WKH RU FRQGLWLRQ

VKRZHG D JUHDWHU KHVLWDWLRQ WKDQ LQ WKH DQG FRQGLWLRQ 6LQFH WKHVH UHVXOWV DUH LQ OLQH ZLWK

WKH UHVXOWV RI HDUOLHU LQYHVWLJDWLRQV WKH\ FRXOG SURYLGH D UHOLDEOH EDVLV IRU WKH FRPSDULVRQ

RI RQO I DQG SUH I VHQWHQFHV

,Q RUGHU WR VXSSRUW WKH YLHZ WKDW WKLV FRPSDULVRQ PD\ OHDG WR YDOLG UHVXOWV ZH

H DPLQHG ZKHWKHU DQ LPSRUWDQW DQG WKHRUHWLFDOO\ PRWLYDWHG REMHFWLRQ KROGV FFRUGLQJ

WR WKLV REMHFWLRQ WKH WZR VWUXFWXUH W\SHV KDYH GLIIHUHQW SUHVXSSRVLWLRQDO DQG DVVHUWHG

FRQWHQW ,I WKLV LV LQGHHG WKH FDVH WKHUH PD\ EH D WKLUG FRQIRXQGLQJ IDFWRU LQ H SHUL

PHQWV WKDW FRPSDUH LQWHUSUHWDWLRQDO SURFHVVHV DVVRFLDWHG ZLWK WKH WZR VWUXFWXUHV DQG WKH

UHVXOWV PD\ EH LQFRQFOXVLYH )RU WKLV SXUSRVH ZH FRQGXFWHG DQ RQOLQH VXUYH\ LQ ZKLFK

SDUWLFLSDQWV ZHUH DVNHG WR FKRRVH RQH RI WZR SRVVLEOH HPSKDWLF FRQWLQXDWLRQ SKUDVHV IRU

WKH WZR VWUXFWXUHV 7KH WZR SKUDVHV ZHUH ZRUG RUGHU YDULDWLRQV RI HDFK RWKHU 2QH RI WKH

SKUDVHV UHIOHFWHG RQ WKH SUHVXSSRVHG FRQWHQW RI RQO I VHQWHQFHV XVHG LQ WKH FRPSDULVRQV

while the other reflected on the presupposed content of preVf sentences. Both were
SDUDSKUDVHV RI WKH DVVHUWHG FRQWHQW RI WKHLU UHVSHFWLYH VHQWHQFH W\SH :H K\SRWKHVL HG

that a consistent choice of completion phrases would reflect that people’s intuition about
KRZ WKH SUHVXSSRVHG DQG DVVHUWHG FRQWHQW LV GLYLGHG LQ WKH WZR VWUXFWXUHV LV FRQVLVWHQW

ZLWK FXUUHQW VHPDQWLF DQDO\VHV HVXOWV UHYHDOHG WKDW SHRSOH DUH FRQVLVWHQW LQ WKH FDVH RI

RQO I VHQWHQFHV EXW QRW LQ WKH FDVH RI SUH I WKH SUHVXSSRVHG FRQWHQW RI RXW RI FRQWH W

SUH I VHQWHQFHV LV VRPHWLPHV LGHQWLILHG DV WKRVH RI RQO I VHQWHQFHV 7KLV UDWH LV DW FKDQFH

OHYHO 7KXV WKH FULWLFLVP PD\ QRW EH XSKHOG RQO I VHQWHQFHV SURYLGH D UHOLDEOH EDVLV IRU

FRPSDULVRQ LQ WKH H SHULPHQWDO LQYHVWLJDWLRQ RI WKH H KDXVWLYH LQWHUSUHWDWLRQ RI SUH I

,Q ( SHULPHQW ZH XVHG WKH PHWKRG RI ( SHULPHQW WR FRPSDUH WKH LQWHUSUH

WDWLRQDO SURFHVVHV DVVRFLDWHG ZLWK RQO I DQG SUH I VHQWHQFHV K\SRWKHVL LQJ D VLPLODU

GLIIHUHQFH LQ GDWD SDWWHUQV EHWZHHQ RQO I DQG SUH I WR WKRVH EHWZHHQ 13V FRRUGLQDWHG

E\ DQG DQG RU 2XU K\SRWKHVLV ZDV QRW VXSSRUWHG E\ WKH GDWD WKH LQWHUSUHWDWLRQ RI ERWK

VHQWHQFH W\SHV ZDV XQLIRUPO\ H KDXVWLYH DQG WKH H\H WUDFNLQJ GDWD GLG QRW FRUUHVSRQG WR

WKH WHQGHQFLHV REVHUYHG LQ WKH ILUVW H SHULPHQW 7KHVH UHVXOWV PD\ VXSSRUW WKH VHPDQWLF

DFFRXQWV RI SUH I LQWHUSUHWDWLRQ EXW LW LV DOVR SRVVLEOH WKDW WKH XQLIRUPLW\ RI WKH GDWD

JDWKHUHG LQ WKH WZR FRQGLWLRQV ZDV GXH WR D IRUFHG FKRLFH WDVN

7KH SXUSRVH RI ( SHULPHQW ZDV WR FRQWURO IRU WKLV HIIHFW :H UHSHDWHG ( SHUL

PHQW ZLWK RQH PRGLILFDWLRQ WKH QXPEHU RI LPDJHV WKDW FRXOG EH FKRVHQ ZDV QRW
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UHVWULFWHG 7KH UHVXOWV RI ( SHULPHQW ZHUH LQ OLQH ZLWK UHVXOWV RI HDUOLHU H SHULPHQWDO

works (see, e.g., Huang and Snedeker 2009) and matched the pattern obtained in Experi
PHQW :KLOH D XQLIRUPO\ H KDXVWLYH LQWHUSUHWDWLRQ ZDV REVHUYHG LQ WKH FDVH RI RQO I

VHQWHQFHV WKH LQWHUSUHWDWLRQV RI SUH I VHQWHQFHV ZHUH GLVWULEXWHG EHWZHHQ H KDXVWLYH

DQG QRQ H KDXVWLYH UHDGLQJV (\H WUDFNLQJ GDWD DOVR UHYHDOHG D VLJQLILFDQW GLIIHUHQFH

VLPLODU WR WKDW DVVRFLDWHG ZLWK WKH SURFHVVLQJ RI 13V FRRUGLQDWHG ZLWK DQG DQG RU WKH

GDWD RI SUH I VHQWHQFHV MXVW DV WKDW RI 13V FRRUGLQDWHG ZLWK RU UHIOHFWHG D KLJK GHJUHH

RI KHVLWDWLRQ 7KXV WKH UHVXOWV RI ( SHULPHQW VXSSRUW RXU K\SRWKHVLV WKDW WKH H KDXVWLYH

LQWHUSUHWDWLRQ RI SUH I LV DVVRFLDWHG ZLWK WKH JHQHUDWLRQ RI VFDODU LPSOLFDWXUHV

7KH GLIIHUHQFH EHWZHHQ WKH UHVXOWV RI ( SHULPHQWV DQG VXJJHVWV WKDW DOWKRXJK

WKH H KDXVWLYLW\ RI SUH I LV D SUDJPDWLF SKHQRPHQRQ ZKLFK DV VXFK LV FDQFHOODEOH LQ

FHUWDLQ FRQWH WV WKH VWUXFWXUH KDV D VWURQJ WHQGHQF\ WR EH DVVRFLDWHG ZLWK WKLV UHDGLQJ

RQVHTXHQWO\ DOWKRXJK WKH WUDGLWLRQDO YLHZ VXJJHVWLQJ D GHWHUPLQLVWLF UHODWLRQVKLS

EHWZHHQ VWUXFWXUH DQG LQWHUSUHWDWLRQ PD\ QRW EH WHQDEOH WKH LQWXLWLRQ WKDW SUH I KDV D

VWURQJ H KDXVWLYLW\ HIIHFW FDQ EH GHPRQVWUDWHG

)LQDOO\ WKH REVHUYDWLRQ WKDW WKH H KDXVWLYH LQWHUSUHWDWLRQ RI SUH I LV YDULDEOH DQG

WKDW WKLV YDULDELOLW\ LV KHDYLO\ FRQWH W GHSHQGHQW FDQ EH WDNHQ DV DQRWKHU VWURQJ FDVH

IRU LWV VWDWXV DV DQ LPSOLFDWXUH 7R WKH EHVW RI RXU NQRZOHGJH WKH FRQWH W GHSHQGHQFH

RI SUH I KDV QRW EHHQ GHPRQVWUDWHG RU HYHQ LQYHVWLJDWHG LQ DQ\ SUHYLRXV H SHULPHQWDO

ZRUN VR IDU 7KXV WKH GLUHFWLRQ RI IXUWKHU UHVHDUFK LV JLYHQ ZH SURSRVH WKDW LQ RUGHU WR

JDLQ D GHHSHU XQGHUVWDQGLQJ RI WKH LQWHUSUHWDWLRQDO SURFHVVHV UHODWHG WR SUH I UHVHDUFK

LQ WKLV DUHD FRXOG EH H WHQGHG WR D SULQFLSOHG LQYHVWLJDWLRQ RI WKH SRVVLEOH LQWHUSUHWD

WLRQV DQG IXQFWLRQV RI SUH I DQG WKH LQWHUDFWLRQ RI WKHVH LQWHUSUHWDWLRQV DQG SRWHQWLDO

FRQWH WXDO IDFWRUV
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Abstract: The study investigates contextual effects on the processing of pre-verbal (preVf) and post-
verbal (postVf) focus sentences in an eye-tracking experiment. For comparison, lexically marked focus
(only-f) sentences were also included. The test sentences were presented following two types of lin-
guistic context: restrictive or non-restrictive. It was hypothesized that if preVf exhaustivity is purely
structurally encoded, gaze will converge on the exhaustive target image at a similar rate in the two
contexts, just as it does in the case of only-f. However, if context also has an effect on the emergence of
exhaustivity in preVf, gaze should converge more slowly on the exhaustive target in the non-restrictive
context than in the restrictive context as predicted in postVf. The results support the latter prediction:
fixation patterns diverge in the case of both preVf and postVf sentences, while they do not in the case
of the baseline only-f.

Keywords: Hungarian focus; exhaustive inference; scalar implicature; experimental pragmatics;
eye-tracking

1. Introduction

According to the Constraint-based model of implicature processing, con-
textual factors strongly determine both the likelihood of implicature gen-
eration and the time course of mental processes associated with it (see e.g.,
Degen & Tanenhaus 2015). Conversely, the Modular model (or Literal first
model) predicts an always present delay relative to semantic processing re-
gardless of contextual factors (see e.g., Huang & Snedeker 2009).1

1 For an introduction to the differences between the two types of processing models
also see Foppolo & Marelli (2017).
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Since the exhaustivity inference associated with Hungarian structural
foci has experimentally been shown to be associated with pragmatic im-
plicature, these sentence types are especially suitable for testing the pro-
cessing related predictions of the above mentioned models. Thus, the
present study investigates the interpretational characteristics of contex-
tually embedded Hungarian focus containing sentences in a series of three
visual world eye-tracking experiments. The sentence types investigated
are (i) lexically marked focus (only-f), (ii) pre-verbal focus (preVf) and
(iii) post-verbal focus (postVf). The experiments seek to answer the ques-
tion whether contextual restriction on the available alternatives has an
effect on the exhaustive interpretation of these sentence types and on the
time course of the identification of the focused element’s referent. The iden-
tification of such an effect – or the lack of it – could serve the purpose of
adjudicating on the debate regarding the models of implicature processing.

Another reason for testing Hungarian focus sentences with regard to
these questions lies in the novelty of the question and method itself: to our
knowledge, no work has addressed the potential effects of context on the
interpretation of Hungarian focus constructions using online, processing
related measurements.

The outline of the paper is as follows. First, we provide a brief in-
troduction to the theory of scalar implicature and the psycholinguistic
models of implicature processing. Second, a short outline of the theoretical
and experimental findings on Hungarian focus is given. We also elucidate
the implicature status of the exhaustive inference associated with Hungar-
ian foci. Fourth, the experiments are presented, and finally, we make our
concluding remarks.

1.1. Psycholinguistic models of scalar implicature processing

Before turning our attention to the models of scalar implicatures, a short
explanation of the theory of scalars is due.

1.1.1. Scalar implicatures: theory
According to Gricean theory (see e.g., Grice 1957; 1975; 1989; Horn 1972;
Gazdar 1979), there are expressions whose interpretation is associated with
so called scalar implicatures. For example such an interpretation is found
in (1b) derived from (1a) through Grice’s (1975) maxims.

a.(1) Some (of the) guests went home. b. Some but not all of the guests went home.
c. Some and possibly all of the guests went home.
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Since (1c) entails (1a) (i.e., in all worlds where (1c) is true (1a) must also be
true), the quantifier expressions in them (all and some) form a scale: some
< many < most < all (Horn 1972; Gazdar 1979). According to the theory,
the pragmatically enriched or implicated meaning of some corresponds
to (5b), i.e., an upper-bounded interpretation, while the interpretation
corresponding to (1c) is a lower-bounded interpretation.

According to Grice’s formulation, the implicature is generated through
the Maxim of Quantity: if we assume that the interlocutors are cooperative,
their contribution will be optimally informative. For this reason, if in the
given case it was true that all of the guests went home, then the speaker
would not opt for using the less informative alternative in (1a). Therefore,
the fact the (s)he did use the sentence in (1a) implies (1b) in terms of
the Maxim of Quantity. Relevance Theory (Sperber & Wilson 1995) uses
a similar reasoning: the greatest cognitive effect achieved in the speaker if
by hearing (1a) (s)he generates the interpretation corresponding to (1b).

1.1.2. Scalar implicatures: models of processing
As mentioned in the introductory paragraph, there are two prominent
competing psycholinguistic models of scalar implicature generation: the
Modular or Literal-first model and the Constraint-based model.2 We will
start our discussion by describing the Modular model. In loose terms the
Modular model is inspired by the Gricean reasoning outlined in the previ-
ous section to the extent that the labor of generating a scalar implicature
is divided between semantics and pragmatics in two consecutive steps:
the truth-conditional meaning of the scalar-containing expression has to
be calculated before the pragmatically enriched interpretation is reached.
The cognitive effort made after the calculation of the semantic meaning
is measurable in the elongated time course of scalar activation relative
to those interpretations associated with purely semantic processing. Such
differences have been reported in an extensive array of experimental work
(see e.g., Noveck & Posada 2003; Bott & Noveck 2004; De Neys & Schaeken
2007; Tomlinson et al. 2013; Huang & Snedeker 2009). Authors reporting
these results advocate the Modular model.

Since the methodology and results of Huang & Snedeker (2009) are
especially relevant to our study, we will briefly describe these here. The
authors tested the Modular model by using the visual-world paradigm
comparing the interpretational processes related to some, a scalar term,

2 Levinson’s (2000) Default model is not relevant for our purposes, therefore it will not
be mentioned in the present paper.
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all, a term whose interpretation is purely semantic, and two numerals as
controls (two and three). During the experimental trials participants heard
instructions containing one of these quantifiers (e.g., Point to the girl who
has two/three/all/some of the socks) and were presented four image quad-
rants. The target images depicted the lower-bounded (semantic) reading
in the all-condition, an exact reading in the number-conditions, and the
upper-bounded (pragmatically enriched) reading in the some-condition.
The experimental task was to carry out the instruction. Based on the
Modular model, the authors expected that eye-tracking data would show a
slower convergence on the target image for the pragmatically interpretable
some-instructions than for the semantically interpretable number- and all-
instructions. The results showed the expected latency differences: partici-
pants’ looks converged on the target image in the some-condition relatively
later during the period between quantifier onset and the end of the sen-
tence than in the all-condition. According to Huang & Snedeker (2009),
the observation that interpretational processes related to semantically in-
terpretable expressions were faster than those related to pragmatic ones
shows that the Modular model is suitable for capturing the differences be-
tween semantic and pragmatic interpretation as carried out by the mind.

The Modular model has been criticized both on theoretical and empir-
ical grounds. To our mind, one of the most important theoretical criticisms
was formulated by Geurts and Rubio-Fernández (2015). The authors de-
velop their main point using Marr’s (1982) three levels of analysis: they
claim that Grice’s theory never intended to answer questions related to
‘how’; it is a theory of ‘what’ and ‘why’. In other words “Grice never
meant to advance a processing theory” (Geurts & Rubio-Fernández 2015,
446): the steps of pragmatic reasoning are not necessarily carried out in
the mind as Grice and his followers made it explicit in the formulation
of their theory. One simplified example of such reasoning was outlined in
section 1.1.1. Since Geurts and Rubio-Fernández (2015) question the psy-
chological reality of the semantics – pragmatics divide as formulated in
the Gricean theory, they also point out the untenability of the Modular
model of linguistic interpretation, or of the “two-system models” in their
terminology (ibid., 465). Such systems are attractive, since the process of
generating interpretations can be divided into routinely or automatically
run processes (i.e., semantic processing in the Modular model) and into
those that require more attention and effort (i.e., pragmatic processing).
As the authors’ reasoning goes, the system would have to be able to de-
cide whether to opt for a pragmatically enriched interpretation or not. In
order to achieve this, an intermediary module is needed which constantly
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monitors the output of the semantic module and makes evaluations about
whether processing should be continued by the pragmatic module based on
context, world knowledge, etc. However, for the system to work, the inter-
mediary module should be at the level of sophistication of the pragmatic
module. Consequently, as Geurts and Rubio-Fernández (2015, 465) put
it, “the whole point of a two-system architecture is lost“. The criticism of
two-system models ultimately boils down to the difficulties of how the two
components should interact with each other. Clearly, Geurts and Rubio-
Fernández (2015) take a strong view against strictly relating the theoretical
concepts of the semantics – pragmatics division to actual mental processes
of implicature derivation.

A prominent competing alternative to the Modular model is the
Constraint-based model which claims that contextual factors have an effect
on the rate and time course of implicature generation. The model therefore
predicts that under certain circumstances, the latency differences observed
by Huang and Snedeker (2009) and a number of other authors advocating
the Modular model can disappear. A wide array of experimental work has
been inspired by this hypothesis(see e.g., Grodner et al. 2010; Degen &
Tanenhaus 2011; Bergen & Grodner 2012; Breheny et al. 2013; Degen &
Tanenhaus 2015; Foppolo & Marelli 2017).

For the sake of exposition, in what follows we provide a non-exhaustive
list of the contextual factors that have been found to have an effect on the
rate and/or time course of implicature generation. These factors include
the knowledge-state of interlocutors (Bergen & Grodner 2012), the linguis-
tic form expressing the upper-bounded meaning and also the felicity of its
use in the given context (Grodner et al. 2010; Degen & Tanenhaus 2011),
the experimental task (Káldi et al. 2017), or the number of elements that
certain quantifiers associated with scalar implicature operate on (subitiz-
ing range) (Degen & Tanenhaus 2010). Although the studies listed here
differed, sometimes substantially, in their methodology, a common finding
is that contextual factors can eliminate the rate and time course differences
between the activation of “purely” semantically interpreted meanings and
those tied to scalar inferences.

In the body of research mentioned above, there is an experimental
finding that bears direct relevance for our purposes: Káldi et al. (2017)
examined the time course of preVf interpretation in two visual world eye-
tracking experiments in which they found that the experimental task has a
critical effect on both the rate and the time course of generating exhaustive
interpretation associated with the structure at hand. The study will be
discussed in more detail in section 1.2.3.
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1.2. Hungarian foci

Typologically, Hungarian is a discourse configurational language. In dis-
course configurational languages information structural functions such as
Topic or Focus are “expressed through a particular structural relation”
(É. Kiss 1995, 6). In the forthcoming sections we will briefly outline the
structural relations pertaining to preVf and postVf. Also, theoretical and
empirical findings on the interpretational characteristics of these structures
will be discussed.

1.2.1. The word order properties of Hungarian pre-verbal-
and post-verbal focus sentences

The experiments in the present paper investigate two variants of the object
– focus sentence: preVf and postVf presented in (2a) and (2b) respectively.

a.(2) Andris [egy "almát] rakott rá a tányérjára.
Andrew an apple-ACC put-3SG-PST onto(=VM) the plate.his.onto
‘Andrew put an ‘apple onto his plate.’

b. Andris rárakott [egy "almát] a tányérjára.
Andrew onto-put-3SG-PST an apple-ACC the plate.his.onto
‘Andrew put an apple onto his plate.’

The structural difference between preVf and postVf sentences examined
in the present study lies primarily in their word order. Specifically, in the
preVf sentence (2a), the focused NP is immediately pre-verbal and the
verbal modifier (VM) is located post-verbally (É. Kiss 2002). PreVf also
has an inherent prosodic feature: the focused element bears a so called
eradicating stress, i.e., it is assigned a prominent sentential stress which
“eradicates” all subsequent stresses in the remaining part of the focus con-
taining clause (Kornai & Kálmán 1988). On the other hand, in the postVf
sentence (2b), the (VM) occupies the immediately pre-verbal position and
forms one phonological word with the verb, while the NP sits in a post-
verbal position. According to Surányi (2011), the post-verbally focused
element is assigned a main stress, however, to our knowledge no phonetic
measurement data is available on the prosodic characteristics of the post-
verbal element in sentences of type (2b).3

3 Genzel et al. (2015) measured the prosodic characteristics of post-verbal foci, however,
these elements were different from those used in the present study in at least two
respects. First, Genzel et al. (2015) used syntactically discontinuous backgrounds (i.e.,
the post-verbal focused element was both preceded and followed by syntactic units
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1.2.2. The interpretational characteristics of pre-verbal focus:
theoretical findings

By now classical theoretical studies such as Szabolcsi (1980), É. Kiss (1998)
or Kenesei (2006) have set the course for the investigation of the interpre-
tational properties of preVf by laying the main emphasis on the exhaustive
interpretation of the structure. By exhaustive interpretation we mean that
the focused element refers to an entity in the universe of discourse for
which the predicate of the sentence exclusively holds (see e.g., É. Kiss
1998). For example, in the case of (2a), the discourse universe can be a set
of fruits ([apple, pear, peach]), of which the sentence uniquely identifies
the apple as the entity for which it holds that Andrew put that entity onto
his plate. This operation has the natural consequence that all remaining
potential referents (i.e., the members in the set of fruits in the present
example) are excluded from the set of entities for which the predicate of
the preVf sentence holds. For this reason, as Kenesei (2006, 137) points
out, preVf “identifies by exclusion”: the entity identified through focus is
identified with relation to a complementary set. Furthermore, he adds that
“whether or not the contrasting complementary set is explicit, in the case
of contrastive focus a complementary set is always created”.4

Consequently, the majority of analyses of preVf within the theoreti-
cal linguistic tradition concentrate on exhaustivity as an interpretational
component. Within the generative tradition5 a broad array of work cap-
tures exhaustivity by positing an operator with a [+Exhaustive] feature
in the representation of preVf structures (see e.g., Szabolcsi 1981; Farkas
1986; É. Kiss 1998; Kenesei 2005; 2006; É. Kiss 2002; 2008; Kenesei 2009;
Horvath 2010). Although these accounts differ in details irrelevant to our
purposes, they share an important common tenet: they claim that exhaus-
tivity is coded grammatically and that it is part of the truth-conditional

corresponding to the information structurally backgrounded part of the sentence). On
the other hand, our study used sentence-final focus phrases; a position least prominent
in Hungarian. Second, the authors used quantified expressions as focus (e.g., két filmet
– two films), whereas in the present study NPs with an indefinite article were used.
For this reason, the otherwise compelling results reported in Genzel et al. (2015) are
not directly applicable in the present study.

4 Kenesei’s analysis will be of special relevance concerning the interpretation of ex-
haustive response rates (see section 5.1).

5 There are alternative accounts within the generative literature, like for example
Szendrői (2003). Although generative in nature, Szendrői (2003) does not advocate
the operator-driven approach, but remains noncommittal about the explanation of
exhaustivity in the case of preVf.
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meaning of the preVf sentence. These accounts therefore can be subsumed
under the term grammatical- or feature-driven approaches and predict a
deterministic relationship between structure and exhaustive interpretation
in the case of preVf.

One of the most frequently cited theoretical works criticizing the gram-
matical approach and propagating an alternative explanation for exhaus-
tivity in the case of preVf is Wedgwood (2005). According to the author,
exhaustivity can be accounted for in the framework of Relevance Theory
(RT), and the postulation of an exhaustivity operator is unnecessary: if
in a given discourse we mention the element or elements of an explicitly
or implicitly given set, it follows from the principle of Relevance that the
other members of this set will be excluded. PreVf is thus underspecified
for exhaustive interpretation while exhaustiveness is the most informative
interpretational alternative requiring the least cognitive effort.6 Further-
more, Wedgwood et al. (2006, 14) provide evidence for the implicature
status of the exhaustivity by citing corpus data in which preVf co-occurs
with an expression meaning ‘among others’ (3).

(3) […] akiket útjukra többek között [Anna Lindh svéd külügyminiszter] kísér majd el.
[…] they will also be accompanied by among others [the Swedish foreign minister
Anna Lindh]

According to Wedgwood (2005) and Wedgwood et al. (2006), the exam-
ple in (3) illustrates an instance of cancellation. Since cancellability is a
definitive feature of pragmatic phenomena, the author concludes that the
exhaustive interpretation of preVf has the status of an implicature.7

The above brief summary of the two opposing theoretical strands illus-
trates the fact that research has mostly concentrated on exhaustivity as an
interpretational aspect, and its possible motivations. Since these conflict-
ing accounts provided a basis for well-testable hypotheses, the theoretical
debate has inspired a broad array of psycholinguistic experiments. The
following section presents a brief overview of these.

1.2.3. The interpretational characteristics of pre-verbal focus:
experimental findings

The theoretical approaches to the interpretation of preVf suggest that the
structure at hand has an exhaustive reading. However, the results of a wide

6 For details on what is meant by “cognitive effort” in the case of preVf and exhaustive
interpretation see section 1.2.3.

7 For a critical review of Wedgwood’s analysis see É. Kiss (2006).
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array of experiments on the subject have unambiguously demonstrated
that the exhaustive interpretation is not an entirely reliable tendency. For
this reason, a number of authors claim that exhaustivity emerges through
pragmatic inferences (see e.g., Onea & Beaver 2011; Kas & Ágnes Lukács
2013; Gerőcs et al. 2014; Káldi 2016; Káldi & Babarczy 2016). Before
turning our attention to these results, we present Pintér (2018), a work
with a different stance.8

Pintér (2018) analyzes the exhaustive interpretation of preVf along
the dimensions of at-issueness and claims that this meaning component
has the status of a presupposition. The author believes that the analysis
of the exhaustivity in preVf is controversial while acknowledging that “ex-
perimental studies carried out thus far (except for Skopeteas & Fanselow
2011)9 seem to support the view that it is an implied and therefore strongly
context-dependent content”. Contrary to these findings, Pintér (2018) hy-
pothesizes that exhaustivity in preVf is a not-at-issue presupposed con-
tent. In order to test this hypothesis, the author carried out an experi-
ment on children (from the age of five to nine divided into three groups)
and adult controls using a sentence-picture verification paradigm with a
three–point Likert response scale. Participants heard a pre-recorded sen-
tence and saw a picture in one of four conditions: (i) exhaustive-condition,
(ii) false-condition, (iii) non-exhaustive-condition and (iv) exhaustive-with-
distractor-condition. The task of the participants was to rate the test sen-
tence in the context of the picture on the three-point scale consisting of smi-
ley faces expressing three different emotions: (i) sad face: “unacceptable”,
(ii) neutral face: “not entirely good or bad either”, (iii) happy face: “accept-
able/good”. Pintér’s (2018) results revealed that for preVf sentences, the
proportion of happy faces decreased with age in the non-exhaustive condi-
tion. These results show that the exhaustive reading of the given structure
was more available to older participants. Although the results are inter-
esting and are in line with earlier experimental findings, it is hard to see
how Pintér’s (2018) results support the view that exhaustivity in preVf
sentences is presupposed as opposed to implied, as no independent evi-
dence is provided to support this claim.10 Note that implicature violations

8 We would like to thank the editor for drawing our attention to this work.
9 Since, as Pintér (2018, 385) also points it out, the results of Skopeteas & Fanselow
(2011) are not directly comparable to the results of the majority of studies on the
interpretational characteristics of preVf, that work is not discussed here.

10 The standard test for presupposition is that it survives under negation and questions,
whereas for implicature it is cancellablility. An experiment designed along these lines
may help us adjudicate between the two opposing views.
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(or pragmatic violations in a broader sense) tend to receive similar ratings
(cf. Katsos & Bishop 2011).

In an earlier study using essentially the same method, Babarczy and
Balázs (2016) also found the interpretational trends in children (from the
age of four to ten in three groups) reported by Pintér (2018). However,
Babarczy and Balázs (2016) hypothesized that exhaustivity in the case
of preVf emerges as a pragmatic (scalar) implicature and attempted to
seek independent evidence by also assessing participants’ cognitive control
abilities through a battery of different standardized tests. The rationale
behind correlating cognitive control and the rate of implicature generation
is as follows. It has been shown in by now classic studies (cf. e.g., Noveck
2001; Bott & Noveck 2004; Foppolo & Guasti 2012) that implicature gen-
eration incurs extra cognitive effort (also see predictions of RT outlined in
section 1.2.2.). If the exhaustive interpretation of preVf is tied to implica-
ture generation, then children with lower cognitive control abilities should
derive the exhaustive inference at a lower rate than those who score higher
on tests measuring these abilities. Babarczy and Balázs’s (2016) results
showed that this is indeed the case. Although, as the authors also admit,
this study is correlational, and therefore no causal relationship can be in-
ferred regarding the strength of cognitive control abilities and the rate
of exhaustive interpretation, these findings provide some independent evi-
dence regarding the implicature status of the meaning component at hand.

Another important study, Gerőcs et al. (2014), carried out on adults
directly manipulated the available cognitive resources allocated for the
derivation of the exhaustive interpretation of preVf. The authors com-
pared the interpretation of preVf sentences in a picture–sentence verifica-
tion experiment: participants heard preVf or postVf sentences after which
they saw images corresponding to exhaustive or non-exhaustive scenar-
ios. The task of the participants was to decide if the images matched
the previously heard sentence. The authors manipulated the time avail-
able for the response. Gerőcs et al. (2014), predicted that the limitation
of time and therefore of cognitive resources available for the process of
interpretation will result in responses that reflect the semantic meaning
of the presented sentences, whereas if more time is available (and thus
pragmatic enrichment can take place), responses will reflect the pragmatic
meaning. The results were in line with the authors’ predictions: in the
short-condition the rate of exhaustive responses in the case of preVf sen-
tences was around chance level, while in the long-condition the rate of
exhaustive responses was significantly higher (72%) but still well below
100%. Gerőcs et al. (2014) concluded that the exhaustive interpretation of
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preVf emerges as a pragmatic inference. In another experiment the authors
compared the interpretational characteristics of lexically marked (only) fo-
cus (henceforth only-f), preVf and cleft sentences in a sentence – picture
matching paradigm. Participants read a sentence of one of the aforemen-
tioned types and had to decide which of four images matched the sentence
best. The number of images that could be chosen was not limited to one.
The set of four images included one depicting an exhaustive interpreta-
tion, a non-exhaustive image and two distractors. The results revealed
that participants gave an exhaustive response in 98% of the trials in the
only-f-condition, while the rate of exhaustive responses was well below that
in the cleft- and preVf-conditions (54% and 35% respectively). Gerőcs et al.
(2014) concluded that these results support the view that exhaustivity is
not entailed but emerges as a result of a pragmatic inference.

Another important finding was reported by Káldi et al. (2017) already
mentioned in section 1.1.2. The authors looked at the rate and time course
of exhaustive interpretation of preVf sentences in a forced-choice and a
multiple choice visual-world experiment, and found that task type had a
profound effect: if the choice is limited to one, preVf is invariantly exhaus-
tive, and the time course of referent identification is identical to that of
lexically marked focus. Conversely, if there is no such restriction on the
choice, the rate of non-exhaustive interpretation increases, and a greater
competition between exhaustive and non-exhaustive targets is seen relative
to only-f. As the authors’ reasoning goes, if the experimental task is con-
ceptualized as a context for the sentence stimuli, the differences in results
between the forced-choice and the multiple-choice experiments also support
the hypothesis that the exhaustive inference associated with preVf has the
status of implicature. The forced-choice task employed in the first experi-
ment introduced a contextual restriction regarding the potential referents
of the focused elements. Since this restriction suggests that the number
of the potential referents is one, the processing system does not consider
potential alternatives. However, if there is no such restriction, the number
of potential alternatives increases and the processing effort associated with
the identification of the unique referent increases as well. After all, if preVf
is semantically underspecified for exhaustive interpretation, the computa-
tion of this interpretational component should require more effort than
that associated with the lexically and semantically unambiguous only-f
sentences. The experiments by Káldi et al. (2017) thus raise an interesting
question regarding the context dependence of the exhaustive interpretation
of preVf and of the mental processes associated with this interpretation.
However, as context dependence can only be inferred indirectly from the

Acta Linguistica Academica 65, 2018



Acta Linguistica Academica / p. 558 / December 2, 2018

558 Tamás Káldi & Anna Babarczy

results of Káldi et al. (2017), the question is worth investigating using ex-
periments specifically designed to measure interpretation with contextual
factors as manipulated variables. One of the aims of the current research
is to carry out a measurement in which the contextual factors potentially
affecting focus interpretation are manipulated more directly by linguistic
means.

There is another crucial aspect raised in Káldi et al. (2017) according
to which the exhaustive interpretation of preVf emerges through scalar-
type implicature: the listener maximizes the information content (or cog-
nitive effect) of the heard sentence by assuming that the predicated part
of the sentence is not true for other entities except for the referent of the
focused element. The reasoning is best illustrated through the sentences
in (1) analogous to those in (5). Examples in (1) are repeated in (4) for
convenience. While the semantic meaning of (5a) is compatible with (5c),
just as (4a) is compatible with (4c), the most informative interpretational
alternative for (5a) is (5b), as (4b) is with relation to (4a).

a.(4) Some (of the) guests went home.
b. Some but not all of the guests went home.
c. All of the guests went home.

a.(5) Juli ment haza. (preVf)
‘It was Juliet who went home.’

b. Julin kívül más nem ment haza.
‘No one went home except for Juliet.’

c. Juli és mások is hazamentek.
‘Juliet went home along with others.’

In this respect the exhaustive interpretation of preVf is an upper-bounded
interpretation.

The authors of the present paper believe that through a direct ma-
nipulation of the linguistic context the hypothesis related to the scalar
implicature status of exhaustivity in preVf can be tested more directly.

1.2.4. The interpretational characteristics of post-verbal focus:
theoretical findings

Less attention has been devoted to postVf and its interpretational charac-
teristics both in the theoretical and in the experimental domains. Perhaps
the most prominent definitive and principled distinction was first made
by É.Kiss (1998). First of all, É.Kiss (1998, 246) claims that contrary to
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preVf, postVf11 “is not associated with movement”, or it “has no designated
structural position in the sentence” (ibid., 260), and second, that postVf
carries non-presupposed information. However, no claim is formulated with
respect to its interpretational characteristics. It is Surányi (2011) who pro-
vides a detailed analysis of the interpretation of postVf with special em-
phasis on its potential exhaustivity and the status of the interpretational
component at hand.

According to the author, the emergence of exhaustive interpretation
in the case of postVf hinges on the type of explicit or implicit question that
it intends to answer. There are two types of potential questions that have
a definitive role: “Mention some!” and “Mention one!” type of questions.
Both question types can be felicitously answered by a postVf sentence.
The former question type requires an answer which refers to a subset of
the potentially available alternatives. Exhaustivity is not part of the truth-
conditions of such an answer. However, a postVf sentence can potentially
be an answer to a “Mention all!” type of question in which case the postVf
sentence – following the question – designates all the elements for which
the proposition of that sentence holds. Surányi (2011) thus concludes that
since the exhaustive interpretation of postVf sentences depends on the
type of (potentially implicit) question which they are an answer to, and
therefore exhaustivity is context dependent, this meaning component is a
pragmatic one.

1.2.5. The interpretational characteristics of post-verbal focus:
experimental findings

As far as experimental evidence is concerned, Gerőcs et al. (2014) also
provide interesting data. They compared the interpretation patterns of
not only preVf but also postVf sentences. Using the method of limiting
the time available for the processing of a sentence (outlined in detail in
section 1.2.3) they found that when no such limitation is introduced, the
rate of exhaustive interpretation for preVf and postVf sentences is 73%
and 63% respectively, however when a time limit is imposed, these rates
fall to 53% and 41%. The authors explain the results regarding postVf
sentences in a similar vein as those related to preVf. In order to calculate
a pragmatically enriched meaning, extra cognitive resources are needed. If
the availability of these resources is limited (for example due to a limited
amount of time for them to operate), the pragmatically enriched meaning
is not computed. It is also important from our perspective that Gerőcs

11 “Information focus” in É. Kiss’s terminology.
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et al. (2014) did not find a statistically significant difference between the
rates of exhaustive interpretation in the two sentence type conditions. The
authors reason that this similarity of interpretation patterns is “expected,
assuming that exhaustivity is caused by the same pragmatic mechanisms
in both sentences with pre‑verbal focus and sentences with the noun phrase
in a post‑verbal position” (ibid., 188).

In their experimental work, Tóth and Csatár (2017) also hypothesized
that the exhaustive interpretation associated with postVf sentences is de-
rived through implicature. To examine this hypothesis, the authors ran an
acceptability rating study and manipulated contextual variables arguing
that if exhaustivity in these two sentence types is pragmatically deter-
mined, different contextual factors will have an effect on the emergence
of this meaning component. The linguistic stimuli consisted of short ques-
tion – answer pairs in which the answer was either an object focus preVf
sentence or a corresponding postVf sentence. An example of these pairs is
given in (6).

a.(6) Mit fogott ki Bence?
‘What did Ben catch?’

b. Bence egy halat fogott ki. (preVf – expected)
‘It was a fish that Ben caught.’

c. Bence kifogott egy halat. (postVf – expected)
‘Ben caught a fish.’

d. Bence egy nyakláncot fogott ki. (preVf – unexpected)
‘It was a necklace that Ben “caught”.’

e. Bence kifogott egy nyakláncot. (postVf – unexpected)
‘Ben “caught” a necklace.’

Four context conditions were used in the experiment: expected object (6b)
and (6c), unexpected object (6d) and (6e), exhaustive context and non-
exhaustive context. The latter two contexts were instantiated through
images depicting different scenarios. In exhaustive contexts the image
depicted an exhaustive scenario (e.g., boy catching one fish), or a non-
exhaustive one (e.g., boy catching two fish). Tóth and Csatár (2017) pre-
dicted that (i) the contextual factors will have an effect on the acceptability
rates of both sentence types, (ii) there will be no difference between the
acceptability rates of the two sentence types within the different context
conditions. The results partially supported the first prediction: while both
sentence types were accepted in exhaustive contexts, the acceptability rate
fell to chance level in non-exhaustive contexts. The factor of predictabil-
ity, however, had no effect: participants accepted both sentence types as
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correct at the same rate in both the expected, and the non-expected con-
ditions. The second prediction was entirely supported by the results: the
acceptability ratings were not different for preVf and postVf sentences
within any of the context conditions. Tóth and Csatár (2017, 242) empha-
size that their “most important finding […] is the fact that exhaustivity
had the same effect on both preVf and postVf sentences. Therefore, ex-
perimental evidence has been provided in favor of Surányi’s (2011) claim
about the exhaustivity of postVf sentences“.

1.3. Overview, goals

In order to establish the rationale for the experiments in the current paper,
a summary of the most important points is given here.

A question we address concerns the modular versus constraint-based
approach to implicature processing. With respect to the time course of pro-
cessing, the model predicts that there should be a delay for scalar terms
relative to expressions whose interpretation can be calculated purely at the
level of semantics. For eye-tracking data this would mean a delay of looks
to a target which corresponds to the pragmatically enriched interpretation
of the given scalar term. A Constraint–based model does not predict such
a delay, since it claims that contextual factors are taken into considera-
tion throughout the process of interpretation, and pragmatically enriched
meaning is calculated immediately if context supports it. The current study
will contribute further data to this debate by examining the potential ef-
fects of the linguistic contextual factors on the exhaustive interpretation
of preVf and postVf sentences. If the Constraint-based model is correct,
looks to the exhaustive target should converge earlier during the interpre-
tation of a focus construction in a context that supports an exhaustive
interpretation than in a context that does not directly support exhaustiv-
ity. If the Modular-model is correct, no such difference is expected. The
preVf and postVf sentence types are suitable for testing psycholinguistic
models of implicature generation, since experimental work has shown that
exhaustivity arises as a pragmatic implicature in both preVf and postVf.

We shall also investigate the effects of linguistic contextual restriction
on the rate and time course of exhaustive interpretation in the structures at
hand to gather further evidence on the status of their exhaustive interpre-
tation. If the exhaustive interpretation is indeed a pragmatic inference for
preVf as well as for postVf but not for lexically marked exhaustiveness (i.e.,
only-phrases), we expect sentential context to affect the interpretation of
the former two but not of the latter. As far as the context dependence of
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exhaustivity is concerned, so far only indirect evidence has been provided
regarding preVf (Káldi et al. 2017) and, to the best of our knowledge, no
experimental work using online methodology has addressed the issue with
regards to postVf.

In the forthcoming sections we report the method and results of our
experiments. Experiments 1 and 2 investigate the relevant properties of
preVf, Experiment 3 concentrates on postVf sentences.

2. Experiment 1

2.1. Participants

32 native Hungarian adults with normal or corrected to normal vision
participated in the experiment. Since three of the participants had to be
excluded due to technical reasons, data from 29 individuals (17 female, 12
male, mean age 22.9 years, SD = 6.7) were analyzed.

2.2. Materials

The experiments presented in the current paper were carried out with an
EyeLink 1000 eye-tracker by SR Research at a 500 Hz sampling rate. The
experiments were programmed in the Experiment Builder software.

An example of the test linguistic stimulus of one trial is given in Ta-
ble 1. Each trial consisted of a four-sentence story. Independently of the
condition, the first sentence introduced the scene and the second (set)
sentence explicitly designated a set of entities (e.g., fruits, such as ap-
ple, pear, and peach). The third (context) sentence either restricted the
number of elements about which the final sentence made a statement,
or it did not introduce such a restriction. These will be referred to as
restrictive and non-restrictive conditions respectively. The final word of
the context sentence was egyet (one-ACC) in the restrictive-condition, and
néhányat (some-ACC) in the non-restrictive-condition. In order to make all
combinations of context and test sentences felicitous and the stories coher-
ent, the context sentences were created in deontic modality. The fourth
(test) sentence was either a preVf sentence, or a lexically marked focus
(only-f) sentence functioning as a control condition. The use of only-f sen-
tences as a control condition was justified on the grounds that exhaustivity
in these sentences is lexically marked, and occurs context-independently.
The focused element in the test sentence always corresponded to one of
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the elements explicitly mentioned in the set in the first sentence. The
element which the focused word corresponded to was randomized: it cor-
responded to the first, second and third element of the set sentence in an
equal proportion of the trials. The purpose of this balanced randomization
was to control for participant expectations about which element from the
set will be referred to by the test sentence. All test sentences contained a
sentence-final adverbial phrase as demonstrated in the examples of Table 1.

Table 1: Example stimuli for Experiment 1

Number Function Type Example
of sentence of sentence of sentence

1 set — Az asztalon volt egy tál tele gyümölcsökkel. Volt
ott sok alma, körte, barack. ‘There was a bowl full
of fruit on the table. There were a lot of apples,
pears, peaches.’

restrictive Minden vendég vehetett a tányérjára egyet. ‘Every
guest could put ONE fruit onto their plate.’

2 context
non-restr. Minden vendég vehetett a tányérjára néhányat.

‘Every guest could put SOME fruits onto their
plate.’

only-f János csak egy almát rakott rá a tányérjára. ‘John
only put an apple onto his plate.’

2 test
preVf János egy "almát rakott rá a tányérjára. ‘John put

an ‘apple onto his plate.’

The use of two context types (restrictive and non-restrictive) and two test
sentence types (preVf and only-f) resulted in four conditions: (i) restrictive
context and only-f, (ii) non- restrictive context and only-f (iii) restrictive
context and preVf, (iv) non-restrictive context and preVf. The experiment
contained 24 test trials (6 of each condition) and 48 filler trials. To ensure
that each participant was presented all the trials, and that each condition
could be presented in an equal proportion, four counterbalanced lists were
created. Participants were assigned to the lists in random order.

The linguistic stimuli were recorded in a sound treated room with
an external sound card and an omnidirectional microphone (digitized at
44.1 kHz sampling rate and at 16 bit resolution). The stimuli were pre-
recorded by a native adult female Hungarian speaker and were presented
through speakers during the experiment. As it was pointed out in section
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1.2.1, preVf is characterized by a so called eradicating stress. Accordingly,
during the recording of the linguistic material, we asked our speaker to
use a natural prosody for the test sentences, and use this stress pattern
in a way that it forms a naturally sounding continuation for the preced-
ing part of the linguistic stimulus. As an illustration of the f0, contours
corresponding to the relevant prosodic aspects of the test sentences, a
prototypical example for both sentence types is shown in Figures 1 and
2. Figures of f0 contours in the present paper were created using Praat
software (Boersma & Weenink 2017).

Figure 1: The f0 contour of a prototypical only-f sentence used in the experiment

The visual stimuli were presented in color on a screen in four image quad-
rants (Figure 3). One of the four quadrants depicted the exhaustive tar-
get, and one depicted a non-exhaustive alternative. The other two images
served as distractors.

The position of image types in the four quadrants and the relative
positions of images within the quadrants were balanced and randomized.
In order to reduce the strain on participants’ eyes, we set the background
of the whole experiment to grey (RGB: 210, 210, 210).
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Figure 2: The f0 contour of a prototypical preVf sentence used in the experiment

Figure 3: An example of the visual stimuli (corresponding to the linguistic ma-
terial presented in Table 1). Labels were not seen by the participants,
they were added for illustration.
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2.3. Procedure

The procedure within each trial went as follows (Figure 4). The participant
looked at an empty grey screen while listening to the first three (introduc-
tory, set and context) sentences. After the presentation of the sentences
a fixation circle occurred. The experiment was programmed in a way that
the trial continued only if the participant looked at this circle. This way
the measurement of eye-tracking data started with the participants’ gaze
being at the centre of the screen at an equal distance from each quad-
rant. When the participant looked at the circle, it disappeared and the
four quadrants (Figure 3) were presented simultaneously with the third
(test) sentence. The task of the participant was to select the quadrant or
quadrants that best corresponded to the test sentence using a button box
(RESPONSEPixx Handheld). After selecting the quadrant or quadrants
the participant pressed the middle button and a new trial started after a
2000 ms delay.

Figure 4: Trial sequence

The order of test and filler trials were randomized in a way that there were
no two consecutive test trials. The fillers included trials in which the num-
ber of image quadrants corresponding to the last sentence was either one,
two or three. The number of these different filler types was balanced. This
arrangement encouraged participants to entertain more than one possible
alternative while selecting the images.
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The experiment consisted of two blocks of trials: a practice block and a
test block. The first block contained five practice trials after which partici-
pants were given feedback on their performance. If a participant performed
the task incorrectly, the given trial was repeated. The practice trials were
similar to the filler trials of the test block. The primary aim of the first
block was to help participants practice the use of the button box, and to
accommodate to the experimental situation. During the practice block, and
immediately after it, participants could adjust the volume of the speakers
to a convenient level. At the beginning of the practice block the experi-
menter emphasized that although by giving feedback during the practice
block we suggest that there are correct and incorrect answers throughout
the experiment, this is actually not the case: in the test block there are
no ‘correct’ and ‘incorrect’ responses; the experiment tests participants’
intuitions, and feedback was included only for practical purposes. Corre-
spondingly, no feedback was given during the test block.

Two dependent variables were analyzed: (i) the rate of exhaustive im-
age choices, and (ii) the number of fixations on the exhaustive target as
a function of time in the trials where an exhaustive response was given.
Regarding these variables we predicted the following. Based on Káldi et al.
(2017), we expected that the choice of images would be uniformly exhaus-
tive in the only-f-condition in both restrictive and non-restrictive contexts.
However, in the preVf-condition we predicted a divergence: in the case of
restrictive contexts we still expected a relative dominance of exhaustive
image choices, whereas in non-restrictive contexts we expected a drop in
the frequency of exhaustive responses and a rise in the likelihood of non-
exhaustive responses.

Regarding the eye-tracking data, predictions were made only for those
trials in which participants gave an exhaustive response, since a direct com-
parison is possible only in these cases. In the only-f-condition we expected
that eye-gaze would converge on the exhaustive target image independently
of the context condition. In contrast, we expected a divergence between
the two context conditions in the preVf sentence condition. Also based on
Káldi et al. (2017), it was predicted that while in the restrictive context
eye-gaze would reliably converge on the exhaustive target image, in the
non-restrictive contexts this convergence would be less reliable showing
that participants are also taking the non-exhaustive alternative image into
consideration. Since the referent of the focused element is disambiguated
only after the end of the verb phrase, we expected this divergence to occur
during the sentence-final adverbial phrase (AdvP).
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2.4. Results
2.4.1. Rate of exhaustive responses
The data on the choice of images (i.e., the rate of exhaustive interpretation)
entirely supported our predictions, as shown in Figure 5. A response was
categorized as exhaustive if only the exhaustive target image was selected.
A response was categorized as non-exhaustive if only the non-exhaustive or
both the non-exhaustive and the exhaustive target images were selected.

Figure 5: Rate of exhaustive response type in the four conditions. The y axis
starts at 50% for expository purposes.

For statistical analysis, a series of binomial Logistic Mixed Effects Models
were fitted with Participant and Item as random factors and Context and
Sentence Type as fixed factors.12 The outcome variable was the partici-
pants’ response, which could be exhaustive (0) or non-exhaustive (1) as
defined above. Model building started with a full random structure and, if
the model failed to converge, the structure was gradually simplified. This
procedure resulted in models with random intercepts for Participant and
Item. The fixed effects structure was built bottom up starting with an
intercept-only model, to which the two fixed effects and their interaction
were added one by one. Since the interaction model significantly improved
model fit (χ2(2) = 13.33, p = .001), two separate models were built for the

12 Statistical analyses were carried out using the lme4 package (Bates et al. 2015) of
the R statistical software (R Core Team 2017).
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Table 2: Regression coefficients of the effect of a Restrictive Context on a Non-
Exhaustive response

Response ∼ Context + (1|Participant) + (1|Item), family = binomial

Estimate SE z p

Only-f Sentence Type −0.00 5.26 0.00 1.00
PreVf Sentence Type −2.47 1.07 −2.30 .021

two sentence types to obtain simple effect coefficients. In these models the
only predictor was Context. The results are shown in Table 2, the coeffi-
cients show the effect of Restrictive context compared to Non-Restrictive
context on the likelihood of giving a Non-Exhaustive response. As we can
see, Context had no effect on Response in the only-f sentence condition
but it did have an effect in the preVf sentence condition in the predicted
direction: people were slightly but significantly less likely to give a non-
exhaustive response in a restrictive context.

2.4.2. Eye-tracking data
The data were analyzed using mixed-effects logistic regression models with
Participant and Item as random factors (Barr 2008; Jaeger 2008). The
models used a Poisson distribution and predicted the number of fixations
per 100 ms on the Exhaustive Target image over Time from the offset of
the subject NP in the test sentence to the end of the test sentence shifted
by 200 ms to allow for the planning and execution of eye movements (Al-
lopenna et al. 1998). The models were built starting with an intercept-only
model and gradually adding the fixed effects and their interactions. The
models were compared using the likelihood ratio test and complexity was
increased until the addition of a new term no longer improved model fit.
In the final, best-fitting model Context and Sentence Type and their in-
teraction were included as fixed effects on a third-order orthogonal poly-
nomial capturing Time. A third-order polynomial was selected because it
was a significantly better fit than either a linear model or a second-order
polynomial as described by Mirman (2017). A full random effects model
with random slopes for the various conditions failed to converge and was
therefore removed from the analyses leaving a random intercept model for
Participant and Item.

Where interaction terms were significant, separate mixed models were
built to assess the simple slopes of the fixed factors while keeping all other
model parameters constant.
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Figures 6 and 7 show the mean proportion of fixations on the Ex-
haustive Target Image relative to the competitor every 100 milliseconds
in the Restrictive and Non-Restrictive Context conditions for only-f sen-
tences and preVf sentences. Selected model parameter estimates with main
effects and overall interactions are displayed in Table 3.

Table 3: Regression coefficients of the model predicting eye movements

ExhTarg ∼ (ot1+ot2+ot3)∗Context∗Sentence
+(1|Participant) + (1|Item), family = poisson

Estimate SE z p

Intercept 2.95 0.07 44.13 < .001
Time 13.55 0.43 31.71 < .001
Time ∧ 2 32.90 0.047 69.30 < .001
Time ∧ 3 −8.17 0.41 −19.79 < .001
Context Restrictive 0.05 0.00 12.07 < .001
Sentence Type PreVf 0.10 0.00 26.43 < .001
Context Restrictive:
Sentence Type PreVf 0.14 0.01 18.52 < .001

Figure 6: Mean proportion of fixations on the exhaustive target (fixations of ex-
haustive target / (fixations on exhaustive target + fixations on competi-
tor)) in the only-f-condition (ribbons: 1SE). (Figures on eye-tracking
data were created using the ggplot2 package for R (Wickham 2009).)
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Figure 7: Mean proportion of fixations on the exhaustive target (fixations of ex-
haustive target / (fixations on exhaustive target + fixations on com-
petitor)) in the preVf-condition (ribbons: 1SE)

The model shows an overall third-order polynomial trend in the data with
the frequency of fixations on the exhaustive target slightly decreasing while
the object NP is heard and then sharply increasing during the verb before
falling again at the end of the sentence. Looks to the Exhaustive tar-
get were somewhat more frequent in the preVf sentence condition than
in the only sentence condition. Context also had a slight but significant
main effect: participants looked more at the exhaustive target in the Re-
strictive context condition than in the Non-Restrictive context condition.
Most importantly, as expected, there was a significant Context by Sen-
tence Type interaction. Two separate models for the two Sentence Types
revealed that Context had a weak but significant effect on the number
of fixations on the Exhaustive Target in the only-f sentence condition and
this effect appeared in a surprising direction: participants were slightly less
likely to fixate on the exhaustive target in the restrictive context condition
than in the non-restrictive context condition (χ2 = 44.35, p < .001, b =
−0.04, z = −6.66, p < .001). As predicted, however, a restrictive con-
text significantly increased the number of fixations on the exhaustive tar-
get relative to a non-restrictive context in the preVf sentence condition
(χ2 = 542.46, p < .001, b = 0.13, z = 23.27, p < .001). This effect was
strongest on the quadratic time term (b = 10.50, z = 26.42, p < .001).

Although the results of Experiment 1 are in line with our predictions
and appear to demonstrate the effects of linguistically introduced restric-
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tion on the interpretation of preVf, there could be other explanations for
the results because nothing in the experiment required participants to take
context into consideration. That is, we cannot be certain that participants
actually processed the context sentences.

For this reason, a new experiment was designed with some crucial
modifications. First, context sentences were given a more prominent role
by making trials more compact and by introducing new filler trials with
or without quantifiers. These filler trials were designed such that their
contexts and/or quantifiers had to be processed and integrated into the
representation of the situation in order to be able to perform the experi-
mental task correctly. This was done to ensure that participants would pay
attention to the context sentences in every trial. Second, a short informal
survey following Experiment 1 revealed that in our sentences of deontic
modality the Hungarian translation of the quantifier some sounded unnat-
ural. The survey’s results further suggested that a better alternative for
some would be the expression as many as they wished, which was judged
to be compatible with both a set of one and a set of more than one, and
therefore may be a more natural context for both the exhaustive and non-
exhaustive readings of the following test sentences. The materials were
therefore modified accordingly as described below in more detail.

3. Experiment 2

3.1. Participants

36 native Hungarian adults with normal or corrected to normal vision
participated in the experiment. Twelve participants were excluded because
they did not pass the threshold of 75% accuracy in filler trials leaving data
from 24 individuals (21 female, 3 male, mean age 22.6 years, SD = 1.3) for
further analyses.

3.2. Materials and procedure

To focus attention on context, we reduced the number of sentences pre-
sented in each trial to two: a context sentence and a test sentence. The
introductory sentence introducing the scene and the set sentence of Ex-
periment 1 were omitted. The context sentence was modified to include a
category name as shown in Table 4. The quantifier in the non-restrictive
context sentences was replaced: instead of some the expression as many as
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they wanted/could etc. was used. An example of a restructured test trial
is presented in Table 4.

Table 4: Example stimuli for Experiment 2

Number Function Type Example
of sentence of sentence of sentence

restrictive Minden vendég vehetett a gyümölcsök közül egyet.
‘Every guest could put ONE of the fruits onto their
plates.’

2 context
non-restr. Minden vendég annyi gyümölcsöt vehetett a

tányérjára, amennyit csak akart. ‘Every guest
could put AS MANY fruits onto their plates AS
THEY WANTED.’

only-f János csak egy almát rakott rá a tányérjára. ‘John
only put an apple onto his plate.’

1 test
preVf János egy "almát rakott rá a tányérjára. ‘John put

an ‘apple onto his plate.’

For reasons mentioned in section 2.3, new fillers were created with three
attributes. The first attribute was context-dependence: in context depen-
dent filler trials the information coded in the context sentence was crucial;
without relying on it, participants could not select the correct images.
The second attribute was the presence of a quantifier, the processing of
which was essential for the successful completion of the trial. In context-
dependent quantified fillers the quantifier was included in the context sen-
tence. In context-independent quantified trials the quantifier was part of
the test sentence. These two attributes thus yielded four different combina-
tions. An example filler trial for each combination is presented in Table 5.

In order to avoid learning effects, the number of fillers with each at-
tribute combination was approximately equally balanced. Table 6 shows
the distribution of attributes across filler trials.

The third filler attribute, also present in Experiment 1, was the num-
ber of image quadrants that were congruent with the linguistic stimulus.
This number ranged from one to three.

The experiment consisted of 20 test trials and 40 filler trials and took
approximately 30 minutes to complete. Apart from the modifications out-
lined above, the procedure of the experiment and all other aspects remained
constant.
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Table 5: Types of fillers used in Experiment 2

Feature Func. of sent. Example

cont.-indep.,

context A telep művészei szerepeltek a fotókiállításon. ‘The
artists of the artists’ colony presented their work at
the photo-exhibition.’

no quant. test Bence képein darvak voltak láthatók. ‘Ben’s photos
depicted cranes.’

cont.-dep.,

context A fenyőfa ága rálógott a vezetékekre, ezért a lakók
úgy vélték, hogy le kell vágni. ‘A branch of the pine
tree reached the electric cable, so the dwellers de-
cided to cut the branch.’

no quant. test Dénes meg is találta a megfelelő szerszámot. ‘Dénes
found the appropriate tool.’

cont.-indep.,

context A költöztetők azt ígérték, hogy annyi teherautót
küldenek, amennyit csak tudnak. ‘The movers
promised that they would send as many trucks as
they could.’

quant. test Bár nem küldtek túl sokat, de legalább több, mint
egyet küldtek. ‘Although they did not send many,
at least they sent more than one.’

cont.-dep.,

context Anna remélte, hogy a bőröndök közül már legalább
egyet bepakolt a férje. ‘Anna hoped that his hus-
band had packed at least one of the suitcases.’

quant. test Amikor benézett a szobába, elégedett volt. ‘When
she peeked into the room, she was satisfied.’

Table 6: The distribution of attributes in filler trials used in Experiment 2

Feature + −
Presence of quantifier 21 19
Context-dependence 22 18

The linguistic stimuli of Experiment 2 were also recorded in a sound treated
room with an external sound card and an omnidirectional microphone (dig-
itized at 44.1 kHz sampling rate and at 16 bit resolution) in the production
of an adult Hungarian female.
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3.3. Results
3.3.1. Rate of exhaustive responses
The data on the choice of images (i.e., the rate of exhaustive interpretation)
weakly supported our predictions as shown in Figure 8.

Figure 8: Rate of exhaustive response type in the four conditions

For statistical analysis, a series of binomial Logistic Mixed Effects Mod-
els were fitted with Participant and Item as random factors and Context
and Sentence Type as fixed factors, as for Experiment 1. The outcome
variable was the participants’ response, which could be exhaustive (0) or
non-exhaustive (1). Model building started with a full random structure
and, if the model failed to converge, the structure was gradually simplified.
This procedure resulted in models with random intercepts for Participant
and Item. The fixed effects structure was built bottom up starting with an
intercept-only model, to which the two fixed effects and their interaction
were added one by one. Since the full model failed to converge, two separate
models were built for the two sentence types to test the effects of Context.
The results are shown in Table 7. The coefficients show the effect of Re-
strictive context compared to Non-Restrictive context on the likelihood of
giving a Non-Exhaustive response. As predicted, Context had no effect on
Response in the only-f sentence condition (χ2 = 1.38, p = 0.28) but it did
have an effect in the preVf sentence condition in the expected direction:
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people were slightly but significantly less likely to give a non-exhaustive
response in a restrictive context (χ2 = 3.57, p = .03, one-tailed).

Table 7: Regression coefficients of the effect of a Restrictive Context on a Non-
Exhaustive response

Response ∼ Context + (1|Participant) + (1|Item), family = binomial

Estimate SE z p

Only-f Sentence Type −0.03 0.00 0.00 1
PreVf Sentence Type −1.24 0.69 −1.79 .03

3.3.2. Eye-tracking data
The data were analyzed using mixed-effects logistic regression models with
Participant and Item as random factors (Barr 2008; Jaeger 2008). The
models used a Poisson distribution and predicted the number of fixations
per 100 ms on the Exhaustive Target image over Time from the offset of
the subject NP in the test sentence to the end of the test sentence shifted
by 200 ms to allow for the planning and execution of eye movements (Al-
lopenna et al. 1998). The models were built starting with an intercept-only
model and gradually adding the fixed effects and their interactions. The
models were compared using the likelihood ratio test and complexity was
increased until the addition of a new term no longer improved model fit.
In the final, best-fitting model, Context and Sentence Type and their in-
teraction were included as fixed effects on a third-order orthogonal poly-
nomial capturing Time. A third-order polynomial was selected because it
was a significantly better fit than either a linear model or a second-order
polynomial as described by Mirman (2014). A full random effects model
with random slopes for the various conditions failed to converge and was
therefore removed from the analyses leaving a random intercept model for
Participant and Item.

Where interaction terms were significant, separate mixed models were
built to assess the simple slopes of the fixed factors while keeping all other
model parameters constant.

Figures 9 and 10 show the mean frequency of fixations on the Ex-
haustive Target Image as a percentage of fixations on the target plus the
competitor every 100 milliseconds in the Restrictive and Non-Restrictive
Context conditions for only-f sentences and for preVf sentences. Selected
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model parameter estimates with main effects and overall interactions are
displayed in Table 8.

Figure 9: Mean proportion of fixations on the exhaustive target relative to the
non-exhaustive competitor in the only-f-condition (ribbons: 1SE)

Figure 10: Mean proportion of fixations on the exhaustive target relative to the
non-exhaustive competitor in the preVf-condition (ribbons: 1SE)

Looks to the Exhaustive target were overall somewhat less frequent in the
preVf sentence condition than in the only sentence condition and Context
also had a slight but significant main effect. In line with our predictions,
however, there was a significant Context by Sentence Type interaction.
Two separate models for the two Sentence Types revealed that, quite sur-
prisingly, Context had a very weak but significant reversed effect on the
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Table 8: Regression coefficients of the model predicting eye movements
ExhTarg ∼ (ot1+ot2+ot3)∗Context∗Sentence +
(1|Participant) + (1|Item), family = poisson

Estimate SE z p

Intercept 3.18 0.07 48.11 < .001
Time 20.76 0.41 50.47 < .001
Time ∧ 2 −19.22 0.39 −49.37 < .001
Time ∧ 3 −13.97 0.39 −36.08 < .001
Context Restrictive 0.02 0.00 4.56 < .001
Sentence Type PreVf 0.01 0.00 −2.92 = .003
Context Restrictive:
Sentence Type PreVf 0.07 0.01 8.47 < .001

number of fixations on the Exhaustive Target in the only-f sentence con-
dition (χ2 = 15.03, p < .001, b = −0.02, z = −3.87, p =< .001), show-
ing that participants were less likely to fixate on the exhaustive target in
the restrictive context condition than in the non-restrictive context con-
dition. Looking at the time course of fixations, we can see that at the
beginning of a trial, restrictive context had a slight positive effect but
this was reversed when the verb had been processed. This is confirmed
by the regression model where the negative effect only shows up on the
linear term (b = −6.28, z = −14.77, p < .001) indicating that it built
up gradually during the trial. This contrasts with the model for the preVf
sentence type, which clearly supports our hypothesis: a restrictive con-
text significantly increased the number of fixations on the exhaustive tar-
get relative to a non-restrictive context in the preVf sentence condition
(χ2 = 100.87, p < .001, b = 0.06, z = 10.04, p < .001) and this effect was
strongest on the cubic term b = 4.78, z = 11.91, p < .001) indicating that
the effect started early during the trial and persisted for a while.

3.4. Discussion

The results of Experiment 2 show trends that are line with our hypothe-
sis. The rates of image choices revealed that while lexically marked focus
is interpreted exhaustively independently of contextual restrictions on the
availability of set alternatives, preVf is more susceptible to such contextual
manipulations. The probability of exhaustive interpretation is reduced if
there is no restriction on the number of potential set members which the
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focus containing sentence may refer to. In this respect, the results of Exper-
iment 1 have been replicated. Eye-tracking data were also in line with the
predictions: the proportion of fixations on the exhaustive target increased
at the same rate in the case of only-f sentences in both context conditions,
while a significant difference was observed in the case of preVf sentences
in the predicted direction. In non-restrictive contexts, the exclusion of the
non-exhaustive alternative image took considerably longer than in restric-
tive contexts. Again, eye-tracking data show that participants were more
likely to entertain the non-exhaustive alternative in the non-restrictive
context suggesting that the contextual manipulation had an effect on the
mental processes associated with the exhaustive interpretation of preVf.

The effect of context on the interpretation of preVf sentences was
somewhat more robust in Experiment 2 compared to Experiment 1, which
is likely to be the result of the increased significance of context sentences
in the successful completion of the experimental task.

The finding that the exhaustive interpretation of preVf and the related
mental processes are affected by the manipulated contextual factors raises
an important question regarding another word order variant: the postVf
sentence type repeated in (7b) for convenience.

a.(7) Andris [egy "almát] rakott rá a tányérjára.
Andrew an apple-ACC put-3SG-PST onto(=VM) the plate.his.onto
‘Andrew put an ‘apple onto his plate.’

b. Andris rárakott [egy "almát] a tányérjára.
Andrew onto-put-3SG-PST an apple-ACC the plate.his.onto
‘Andrew put an apple onto his plate.’

In Experiment 3 the interpretational characteristics of postVf sentences
were investigated and compared to those of preVf. In line with the find-
ings discussed in section 1.2.3., 1.2.4. and 1.2.5., we hypothesized that the
same mechanisms are at work in the computation of exhaustivity in postVf
sentences as in preVf sentences. Based on this hypothesis it was predicted
that both the rate of exhaustive interpretation and looking patterns will
show similar context-dependent trends in the two sentence conditions.

4. Experiment 3

The purpose of Experiment 3 was to collect further data on the inter-
pretational characteristics of preVf and postVf sentences. In line with the
above theoretical and empirical findings we also propose that the exhaus-
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tive interpretation of postVf sentences is a pragmatic phenomenon, and
as such, it is context dependent. For this reason Experiment 2 was re-run
with some modifications to compare the interpretational and processing
related aspects of preVf and postVf sentences.

4.1. Participants

36 native Hungarian adults with normal or corrected to normal vision par-
ticipated in the experiment. Four participants did not reach the threshold
of 75% accuracy in filler trials and were therefore excluded from further
analyses leaving 32 participants (24 female, 8 male, mean age 22.9 years,
SD = 2.8).

4.2. Materials and procedure

Experiment 3 compared the interpretational characteristics of preVf and
postVf sentences using the trial structure of Experiment 2 with two minor
modifications. An example of the linguistic stimuli is provided in Table 9.

Table 9: Example stimuli for Experiment 3

Number Function Type Example
of sentence of sentence of sentence

restrictive Minden vendég vehetett a gyümölcsök közül egyet.
(János is vett.) ‘Every guest could put ONE of the
fruits onto their plates. (John did so, too.)’

2 context
non-restr. Minden vendég annyi gyümölcsöt vehetett a

tányérjára, amennyit csak akart. (János is vett.)
‘Every guest could put AS MANY fruits onto their
plates AS THEY WANTED. (John did so, too.)’

preVf Dániel egy "almát vett el. ‘Daniel took an "apple.’
1 test

postVf Ő elvett egy almát. ‘He took an apple.’

One modification was the elimination of the AdvP from the end of the
sentences. Since based on an informal survey we found that AdvPs sound
somewhat odd with the type of postVf sentences we intended to investi-
gate, we decided to present both preVf and postVf sentences without these
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elements. Furthermore, since the preVf and postVf sentences used in the
experiment are word order variants of each other, the onset of the critical
noun in the two sentence conditions would have been misaligned in time
if they had contained exactly the same words. Therefore, the names used
in preVf test sentences were replaced by personal pronouns in the postVf
sentences. In order to make the context and the test sentences coherent, an
additional short sentence was included in the context for the postVf sen-
tence condition trials. This additional sentence mentioned the name of the
subject of the postVf test sentence (see bracketed sentences in Table 9). In
order to align the onset of the critical nouns in the two sentence-conditions,
the syllables in the pre-NP region were distributed as shown in Table 10.

Table 10: Syllable distribution of the two sentence types used in Experiment 3

Sentence type Syllables and end of sentence

preVf Dá | ni | el | egy almát vett el.
postVf Ő | el | vett | egy almát.

To create a uniform and balanced trial structure throughout the experi-
ment, half of the fillers were complemented with a short sentence contain-
ing a name in the context part of the trial. Correspondingly, names in the
second sentence of these trials were replaced with a personal pronoun. All
other aspects of the experiment remained constant.

The linguistic stimuli of Experiment 3 were recorded in a sound
treated room with an external sound card and an omnidirectional mi-
crophone (digitized at 44.1 kHz sampling rate and at 16 bit resolution) in
the production of an adult Hungarian female. As in Experiments 1 and
2, we asked our speaker to produce the linguistic material as naturally as
possible. As an illustration of the f0, contours corresponding to the rel-
evant prosodic aspects of the test sentences, a prototypical example for
both sentence types are shown in Figure 11 and 12.

The flat prosody of the post-verbal elements observed in Figure 12
deserves a mention especially in light of Surányi (2011), who claims that
postVf is prosodically prominent. Based on this claim, one can assume
that the use of the recorded linguistic stimuli would render our results
invalid, since the critical sentences did not correspond entirely to what is
descriptionally stated about their type. In our view, however, this is not
the case for a number of reasons.
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Figure 11: The f0 contour of a prototypical preVf sentence used in Experiment 3

Figure 12: The f0 contour of a prototypical postVf sentence used in Experiment 3

First of all, Surányi (2011) is a theoretical work, and as such, although
an important contribution to the subject matter at hand, it relies on the
intuition of the author and not on precise measurement carried out on
phonetic data. To illustrate the point about the intuition regarding the
prosody of focus, let us consider a production and perception study car-
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ried out by Mády (2015). The author elicited different types of (pre-verbal)
foci (narrow, broad and contrastive) by read out question–answer pairs and
measured the prosodic features of the focused elements. The measurements
revealed that – contrary to intuition – there was no reliable difference in the
prosodic realizations of the different types of foci. In the perception study
participants were presented prosodically manipulated focus sentences in
different contexts. The task was to rate the naturalness of the focus con-
taining sentences in the different contexts. Results revealed that a higher
f0 increased the ratings only in the narrow focus condition. Furthermore,
results of the two experiments also revealed high individual variation both
in the production and in the perception of the prosodic characteristics
of focus. Therefore, Mády (2015, 948) concludes that there is “weak evi-
dence for the relevance of tonal cues for focus marking in Hungarian”, and
also that “prosodic focus marking in Hungarian is optional and pragmatic
rather than grammatical and syntax-related”. Although Mády (2015) in-
vestigated the prosodic aspects of pre-verbal element, these results clearly
indicate that intuition regarding (focus) prosody are not entirely reliable
and have to be taken with caution.

Second, Pintér (2018) mentions that sentences with neutral word order
and prosody can also have an exhaustive interpretation; a meaning com-
ponent frequently associated with focus. Taking this claim and Mády’s
(2015) conclusion into consideration it becomes apparent that the con-
cept of postVf is descriptionally vague, which is attributable, at least in
our minds, to the lack of sufficient experimental data on the phenomenon
at hand. For this reason we resort to a functional definition provided by
É.Kiss (1998) according to which postVf (or “information focus” in her ter-
minology) conveys non-presupposed information.13 We consider É.Kiss’s
(1998) definition the most crucial element of our argument.

This leads us to the third point: we asked our speaker to produce the
context and critical sentences in a natural way. Since the contexts were
created in a way that the post-verbal element in the critical sentences car-
ried non-presupposed information (i.e., strictly corresponded to the above
mentioned definition), we have confidence that according to our speaker’s
intention, postVf sentences were produced. Also, the informal debriefing
after the experiment revealed that participants considered the linguistic
stimuli natural and did not detect any peculiarity nor prosodically, nor
otherwise.

13 Note, however, that É.Kiss (1998) also makes reference to a “pitch accent” carried
by the focused element. However, this is rather a descriptional and not a definitional
remark.
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Thus, for the above mentioned set of reasons we concluded that the
recorded linguistic material is suitable for the investigation of the inter-
pretational characteristics of postVf sentences.

4.3. Results
4.3.1. Rate of exhaustive responses
The results clearly supported our predictions for both image choice rates
and eye-gaze patterns Figure 13.

Figure 13: Rate of exhaustive response type in the four conditions

For the statistical analysis of the response data, a series of binomial Logis-
tic Mixed Effects Models were fitted with Participant and Item as random
factors and Context and Sentence Type as fixed factors, as for Experi-
ment 1. The outcome variable was the participants’ response, which could
be exhaustive (0) or non-exhaustive (1). Model building started with a full
random structure and, if the model failed to converge, the structure was
gradually simplified. This procedure resulted in models with random inter-
cepts for Participant and Item. The fixed effects structure was built bottom
up starting with an intercept-only model, to which the two fixed effects and
their interaction were added one by one. This time, as predicted, the ad-
dition of Context significantly improved model fit (χ2 = 20.02, p < .001)
but the addition of Sentence Type (χ2 = 1.13, p = 0.29) or the interaction
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term χ2 = 0.09, p = 0.76) did not. To obtain coefficients for the simple ef-
fect of Context in the two Sentence Types, two separate models were built
as explained above. The results are shown in Table 11: the coefficients in-
dicate the effect of a Restrictive Context compared to a Non-Restrictive
context on the likelihood of giving a Non-Exhaustive response. As we can
see, a restrictive context reduced the likelihood of giving a non-exhaustive
response in both sentence conditions.

Table 11: Regression coefficients of the effect of a Restrictive Context on a Non-
Exhaustive response

Response ∼ Context + (1|Participant) + (1|Item), family = binomial

Estimate SE z p

PostVf Sentence Type −2.29 0.90 −2.54 .01
PreVf Sentence Type −1.90 0.68 −2.77 .005

4.3.2. Eye-tracking data
The data were analyzed using mixed-effects logistic regression models with
Participant and Item as random effects (Barr, 2008; Jaeger, 2008). The
models used a Poisson distribution and predicted the number of fixations
per 100 ms on the Exhaustive Target image over Time from the offset of
the subject NP in the test sentence to the end of the test sentence shifted
by 200 ms to allow for the planning and execution of eye movements (Al-
lopenna et al. 1998). The models were built starting with an intercept-only
model and gradually adding the fixed effects and their interactions. The
models were compared using the likelihood ratio test and complexity was
increased until the addition of a new term no longer improved model fit.
In the final, best-fitting model, Context and Sentence Type and their in-
teraction were included as fixed effects on a third-order orthogonal poly-
nomial capturing Time. A third-order polynomial was selected because it
was a significantly better fit than either a linear model or a second-order
polynomial as described by Mirman (2014). A full random effects model
with random slopes for the various conditions failed to converge and was
therefore removed from the analyses leaving a random intercept model for
Participant and Item.

Where interaction terms were significant, separate mixed models were
built to assess the simple slopes of the fixed factors while keeping all other
model parameters constant.
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Figures 14 and 15 show the mean frequency of fixations on the Ex-
haustive Target Image as a percentage of fixations on the target plus the
competitor every 100 milliseconds in the Restrictive and Non-Restrictive
Context conditions for postVf sentences and preVf sentences. Selected fi-
nal model parameter estimates with main effects and overall interactions
are displayed in Table 12.

Figure 14: The mean proportion of fixations to exhaustive target relative to the
non-exhaustive competitor in the preVf condition (ribbons: 1SE)

Figure 15: The mean proportion of fixations to exhaustive target relative to the
non-exhaustive competitor in the postVf condition (ribbons: 1SE)
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Table 12: Regression coefficients of the model predicting eye movements

ExhTarg ∼ (ot1+ot2+ot3)∗Context∗Sentence +
(1|Participant) + (1|Item), family = poisson

Estimate SE z p

Intercept 3.01 0.07 42.56 < .001
Time 32.49 0.39 82.52 < .001
Time ∧ 2 6.93 0.43 15.59 < .001
Time ∧ 3 −33.38 0.45 −74.57 < .001
Context Restrictive 0.06 0.00 17.04 < .001
Sentence Type PreVf −0.06 0.00 −16.20 < .001
Context Restrictive:
Sentence Type PreVf −0.08 0.01 −10.77 < .001

Looks to the Exhaustive target were somewhat less frequent in the preVf
sentence condition than in the postVf sentence condition. As predicted,
Context had a slight but significant main effect with more fixations on the
Exhaustive target in the restrictive condition than in the non-restrictive
condition irrespective of Sentence Type. There was also a significant Con-
text by Sentence Type interaction, however. Two separate models for the
two Sentence Types revealed that Context had a significant effect on the
number of fixations on the Exhaustive Target in the postVf sentence condi-
tion (χ2 = 302.12, p < .001, b = 0.09, z = 17.36, p < .001), showing that
participants were overall more likely to fixate on the exhaustive target in
the restrictive context condition than in the non-restrictive context condi-
tion. The effect was strongest on the cubic term (b = 8.76, z = 18.28, p <
.001). The model for the preVf sentence type gives similar results: a re-
strictive context significantly increased the number of fixations on the ex-
haustive target relative to a non-restrictive context in the preVf sentence
condition (χ2 = 12.72, p < .001, b = 0.02, z = 3.57, p < .001). The effect
is once again strongest on the cubic term (b = 5.72, z = 13.79, p < .001).
In conclusion, restrictive context increases the frequency of fixations on
the exhaustive target for both postVf and preVf sentences and the signifi-
cant interaction seems to be due to the slightly delayed effect in the postVf
sentence condition. This is not surprising since in the postVf sentence con-
dition, listeners need to wait for the end of the sentence before they can
be certain that no second object noun is coming.
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4.4. Discussion

The results of the preVf-condition in Experiment 2 have been replicated
in Experiment 3. Furthermore, the results of Experiment 3 in the postVf
condition are in line with earlier theoretical and experimental findings
regarding the interpretation of postVf sentences.

5. General discussion

The current study examined predictions based on the Constraint-based
model of implicature generation with regards to the exhaustive interpreta-
tion of two Hungarian sentence types: preVf and postVf sentences. Accord-
ing to the Constraint based model, both the rate of pragmatically enriched
interpretation and the mental processes associated with it are affected by
contextual factors: the integration of contextual information and the gen-
eration of expectations are the relevant mechanisms behind the process
of interpretation. Since the literature suggests that exhaustivity arises as
a (potentially scalar-type) implicature in the sentence types at hand, we
looked at this meaning component in two types of context. One context
type introduced a restriction on the number of referents to which the fo-
cused element of the target sentence could hold, while the other context
type did not introduce such a restriction. In addition to preVf and postVf
sentence structures, we used lexically marked focus (only-f), which served
as a baseline. Due to the fact that only-f sentences are lexically marked
for exhaustivity, their interpretation is semantically determined and they
are not predicted to be susceptible to contextual manipulation. In line
with this, we predicted that only-f sentences will be reliably exhaustive in
all context conditions. By contrast, it was predicted that the introduced
contextual factor will have an effect on the rate of exhaustive interpreta-
tion for both preVf and postVf sentences. Regarding eye-tracking data, it
was predicted that the proportion of looks to the exhaustive target will
be uniform in the two context conditions in the case of only-f sentences,
while looks will diverge across context conditions in the case of preVf and
postVf sentences. In both of the latter two sentence types, it was predicted
that eye-gaze data will reflect more competition between the exhaustive
target and the non-exhaustive alternative in non-restrictive contexts than
in restrictive contexts.

Our hypotheses were corroborated by the results: while the rate of
exhaustive interpretation and the associated mental processes were not
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affected by contextual factors in the case of only-f sentences, effects in the
predicted direction were observed both in preVf and in postVf sentences.

The Constraint–based model further predicts that as the pragmati-
cally enriched meaning is calculated immediately if context supports it,
the effect of context should appear early during processing. Once again,
our results are in line with this prediction: a restrictive context increased
the likelihood of fixations on the exhaustive target as soon as the critical
object NP was heard.

In the following paragraphs the response patterns and eye-tracking
data will be briefly discussed.

5.1. High rates of exhaustive interpretation – potential explanations

The high proportion of exhaustive responses relative to earlier experimen-
tal results in both preVf and postVf sentences deserves a mention. The
high rates of exhaustive reading may be accounted for by Káldi et al’s (in
prep) results. The authors use Kenesei’s (2006) account of focus and sets
as their premise: Kenesei (2006) proposes that in the case of a preVf sen-
tence a complementary set is always created regardless of whether this set
is explicit or implicit in the given context. The preVf sentence will operate
on one or more elements of this set (for more detail on identification by
exclusion see section 1.2.2). Based on this premise, Káldi et al. (in press)
using a guided production paradigm examined the contexts that facilitate
the use of preVf word order sentences. The experiment presented different
contexts followed by word salads. The experimental task was to put the
words of the word salad in order in a way that the resulting sentence fits
the preceding context. The authors have shown that if the context included
either an implicit or an explicit set (through category name or through a
list), participants produced preVf sentences at a significantly higher rate
than when the context did not contain a set at all. These results support
Kenesei’s (2006) account, and it seems highly likely that the sets used in
the present experiments (explicit in Experiment 1, and implicit in Exper-
iments 2 and 3) facilitated the exhaustive interpretation of preVf. Since
in Experiment 3 it was shown that the exhaustive interpretation of preVf
and postVf sentences are tied to very similar pragmatic processes, it also
seems plausible that the relatively high rate of exhaustive responses in
the postVf sentence conditions are also a result of the presence of sets in
the context. These conjectures may serve as a basis for future research.

The results of Gerőcs et al. (2014) also offer a very similar explana-
tion for the relatively high proportion of exhaustive responses. The authors
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used two experiments to investigate the exhaustive interpretation of preVf,
only-f, postVf and cleft sentences (for further details see section 1.2.3). In
the first experiment the authors used a question corresponding to an im-
age which depicted a set of objects. As this setup introduced an implicit
set through the question and the presented image, the rates of exhaustive
interpretation of both preVf and postVf sentences were high (72% and
63% respectively). The second experiment, however, used a sentence – pic-
ture matching task, and included neither a question, nor an implicit or
explicit set. As expected, the rates of exhaustive image choices were low
(35% for preVf and 7% for postVf) relative to the first experiment and all
experiments in the current study.

Another potential explanation for the high rate of exhaustive inter-
pretation of preVf and postVf sentences may be related to domains as
discussed by Stanley and Szabó (2000). According to the authors, certain
quantifiers that are associated with scalar implicature in the literature ac-
tually operate in contextually defined domains. Based on this, it seems
reasonable to say that in the case of out-of-context sentences, like the ones
that had been used in earlier experiments on preVf interpretation, the
domains were not as strictly defined as in the case of the experiments re-
ported in the current paper, and interpretation rates were closer to chance
level as a consequence.

It is important to note, however, that the results reported here are
not directly comparable with those in Káldi et al. (2017), an antecedent
to the current paper. While the test sentences used in Káldi et al. (2017)
contained NPs with definite articles, the present experiment used indefinite
articles. To the best of our knowledge, there is no experimental data on the
potential effects of article type on the exhaustive interpretation of preVf
and postVf sentences.

5.2. Modular versus Constraint-based models of scalar implicature generation

The results are informative with regard to models of sentence processing,
or more specifically, to models of scalar implicature generation. In sec-
tion 1.1. we provided a brief outline of the two opposing views dominant
in the literature: the Modular and Constraint-based models. Advocates
of the former claim that implicature derivation takes place in two steps:
first the semantic interpretation of the given structure is carried out (at
least to some degree) and next, the pragmatically enriched interpretation
is computed based on the semantic, truth conditional analysis and other,
contextual and extra-linguistic factors. Processing-wise the model predicts
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that there should be a delay for scalar terms relative to expressions whose
interpretation can be calculated purely at the level of semantics. For eye-
tracking data this would mean a delay of looks to a target which cor-
responds to the pragmatically enriched interpretation of the given scalar
term. A Constraint-based model does not predict such a delay, since it
claims that contextual factors are taken into consideration throughout the
process of interpretation, and pragmatically enriched meaning is calculated
immediately if context supports it. The results of the current experiment
support the Constraint-based model: when participants were encouraged
to pay particular attention to the contexts (Experiment 2 and 3), the the
effect of context appeared earlier, immediately after the onset of criti-
cal noun. These results clearly indicate that the process of interpretation
is mediated by contextually given information online. Put it differently,
mental processes of linguistic interpretation are constrained by relevant
contextual information.

5.3. Status of exhaustivity in preVf and postVf

The eye-tracking data gathered in the present experiments provide further
evidence for the view that the exhaustive interpretation associated with
preVf and postVf emerges as a scalar-type implicature. While the men-
tal interpretational processes associated with only-f sentences were not
affected by the contextual manipulation, in the case of preVf it has been
demonstrated that in non-restrictive contexts participants entertained the
non-exhaustive alternative to a greater extent than in the case of restrictive
contexts even though they eventually gave an exhaustive response. A sim-
ilar pattern was found in postVf sentences. We conclude that the slower
convergence on the exhaustive targets in the non-restrictive conditions is
indicative of processes that are associated with pragmatic inferences. In line
with the theoretical considerations in section 1.2, the exhaustive interpre-
tation of preVf and postVf sentences is best categorized as a scalar-type
pragmatic implicature.

5.4. Further considerations

The observed differences between the results of Experiment 1 and 2 are
valuable from a methodological point of view, as well.

The most important difference between the eye-gaze patterns observed
in the two experiments is that while the expected divergence was limited to
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the AdvP region in Experiment 1, this divergence occurred during the NP
region (immediately after the onset of the critical noun) and until the end
of the verb in Experiment 2. Earlier (see sections 2.5., 3.4) it was already
pointed out that one crucial factor contributing to this difference may have
been the type of fillers used. While in Experiment 1 important aspects of
the experimental setup were not taken into consideration in the fillers,
these limitations were remedied in Experiment 2. A careful definition of
features in fillers resulted in a more strictly controlled experiment. Since it
has been shown that fillers can significantly affect data patterns obtained
in an experiment, the authors of the present paper would like to highlight
the importance of reporting the structure of the linguistic material of not
only critical trials in publications of psycholinguistic experiments but also
that of filler trials. This consideration is especially important from the
point of view of replicability.

In conclusion, the results reported in the present paper support the
Constraint-based model of implicature generation and corroborate the hy-
pothesis that the exhaustive interpretation associated with the Hungar-
ian pre-verbal and post-verbal foci are tied to pragmatic implicatures.
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