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Using visual world eye-tracking, we examined whether adults (N = 58) and children (N = 37; 3;1–6;3) use linguistic focussing devices to help resolve ambiguous pronouns. Participants listened to English dialogues about potential referents of an ambiguous pronoun he. Four conditions provided prosodic focus marking to the grammatical subject or to the object, which were either additionally it-clefted or not. A reference condition focussed neither the subject nor object. Adult online data revealed that linguistic focussing via prosodic marking enhanced subject preference, and overrode it in the case of object focus, regardless of the presence of clefts. Children’s processing was also influenced by prosodic marking; however, their performance across conditions showed some differences from adults, as well as a complex interaction with both their memory and language skills. Offline interpretations showed no effects of focus in either group, suggesting that while multiple cues are processed, subjecthood and first mention dominate the final interpretation in cases of conflict.
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INTRODUCTION

It is widely assumed that adult pronoun interpretation is guided by complex interactions of multiple cues (Arnold et al., 2000; Arnold, 2001, 2010; Järvikivi et al., 2005; Kaiser and Trueswell, 2008; Schumacher et al., 2017). A non-exhaustive list of factors that have been shown to influence adult pronoun resolution preferences includes grammatical role and/or order of mention (Keenan, 1976; Gernsbacher and Hargreaves, 1988; Järvikivi et al., 2005); verb semantics, semantic roles, connectives, coherence relations, or a combination thereof (Kehler et al., 2008; Pyykkönen and Järvikivi, 2010; Schumacher et al., 2017; Grüter et al., 2018); prosody (Maratsos, 1973); speaker eye-gaze/gesture (Goodrich Smith and Hudson Kam, 2012; Hawthorne et al., 2016); visual animacy (Cooper-Cunningham et al., 2020); language complexity/distance between the antecedent and pronoun (Hartshorne et al., 2015); as well as the presence/extent of dialogue, number of competitor referents, and focussing via questions (Serratrice and Allen, 2015). For example, adult processing studies have robustly demonstrated that personal pronouns are typically interpreted as co-referring with the grammatical subject and/or first mentioned entity of the preceding clause, i.e., the giraffe in (1) (Gernsbacher and Hargreaves, 1988; Crawley et al., 1990; Carreiras et al., 1995; Arnold et al., 2000; Järvikivi et al., 2005). Furthermore, children as young as 3-years-old also display subject and/or first mention preferences (Song and Fisher, 2005; Pyykkönen et al., 2010; Järvikivi et al., 2014; Hartshorne et al., 2015), although these effects appear to be weaker in magnitude and can often occur much later in the time course compared to adults (see Hartshorne et al., 2015, for a comprehensive review).


(1)The giraffe nudged the elephant beside the tree. He wanted to be friendly.



Different accounts have been proposed to explain this subject and/or first mention preference, for example in terms of probabilistic regularities of co-reference (Arnold, 2001, 2010) or discourse coherence (Kehler et al., 2008); hierarchies within grammatical relations (Keenan, 1976); and parallelism in the grammatical role of the pronoun and noun phrase referent (Sheldon, 1974; Smyth, 1994). Importantly, most accounts can be accommodated into a multiple constraints framework, which recognises that pronoun processing is sensitive to a wide range of linguistic and non-linguistic features (such as those listed earlier), and that some modulate or even override subject and first mention cues (Järvikivi et al., 2005; Kaiser and Trueswell, 2008; Schumacher et al., 2017). This means that previously reported effects of grammatical role and order of mention are at least partially a side product of their convergence with alternate cues that are often not incorporated into the experimental design. For example, in an SVO word order language like English, grammatical role and order of mention are most often confounded, with the subject entity being first mentioned and also occupying the semantic role of the agent. Thus, the giraffe in (1) simultaneously is the grammatical subject, first mention, and agent. Studies with flexible word order languages, such as German and Finnish, have allowed for the partial disentangling of these different cues, given that in an OVS word order the first-mentioned entity is instead aligned to the object and typically the patient role. These studies have shown that interpretative preferences appear most robust when grammatical role, order of mention, and semantic cues are aligned (SVO), but are significantly weakened when the cues are put into conflict (OVS), both for adults (Järvikivi et al., 2005; Kaiser and Trueswell, 2008; Schumacher et al., 2017) and even more clearly, for children (Blything et al., 2021). In fact, it has often been suggested that children differ from adults in terms of the ability to appropriately use (or suppress) multiple cues, which would hinder their ability to interpret the pronoun, though with a potential role for individual differences (Järvikivi et al., 2014; Hartshorne et al., 2015).

In the present study, we specifically follow-up on research addressing the role of discourse pragmatic linguistic focussing cues (Cowles et al., 2007; Foraker and McElree, 2007; Järvikivi et al., 2014; Colonna et al., 2015; Patterson et al., 2017) by investigating the effect of it-clefts and prosodic focus marking on pronoun resolution in adults and 3–6-year-old children. It-clefts and prosody are both linguistic means for marking information structure, i.e., how the utterance relates to the common ground of information shared between the speaker and the listener (Krifka, 2007, for an overview of the semantic and pragmatic literature on information structure). In other words, clefts and prosodic focus marking are employed by speakers to guide listeners’ attention and to explicitly signal how the speaker expects the listener to update their discourse model, i.e., their mental representation of the events and referents under discussion (Johnson-Laird, 1983; Zwaan and Radvansky, 1998). In particular, they mark the focus of an utterance, i.e., the new or contrastive information, separating it from the background or presupposed information (Krifka, 2007, for a discussion of more formal definitions), which has long been known to enhance processing speed and memory of the focused words (Cutler and Foss, 1977; Cutler and Fodor, 1979; Birch and Garnsey, 1995; Kember et al., 2019; Káldi and Babarczy, 2021). In turn, this memory advantage for the focussed element should serve pronoun interpretation because it is more available and therefore easier to establish as the pronoun referent. Indeed, processing of the pronoun is typically assumed to be determined by how easily the pronoun can be integrated with the character most foregrounded in the current mental representation (we return to this in our Discussion; also see Gundel et al., 1993; Zwaan and Radvansky, 1998).

It-cleft sentences mark the clefted entity as the focus of a presupposed event that is expressed within the clause (Chafe, 1976; Kiss, 1998; Lambrecht, 2001). Examples of both subject and object it-clefts can be seen in (2) and (3) respectively.


(2)It was the giraffe that nudged the elephant beside the tree. He wanted to be friendly.

(3)It was the elephant that the giraffe nudged beside the tree. He wanted to be friendly.



Various paradigms have investigated the effect of subject it-clefts in adult pronoun resolution. Some studies report that adults are more likely to attach personal pronouns to the subject antecedent when it is clefted than without clefting, suggesting that clefts have a unique influence over already robust cues that are inherently present like subjecthood, first mention and agentivity (Cowles et al., 2007; Foraker and McElree, 2007; Colonna et al., 2015). However, others have reported that adults show no difference in processing clefted compared to non-clefted subjects, suggesting that clefts do not show an influence over already robust cues (Colonna and Hemforth, 2014; Järvikivi et al., 2014; or marginal significance: Kaiser, 2011) or even that focussing reduces the subject preference (dubbed “anti-focus effect,” Colonna et al., 2012, 2015; de la Fuente, 2015; Patterson et al., 2017). Two of those studies (both using the visual word paradigm) also incorporated object it-clefts and revealed no significant reduction of general subject attachment preferences both online and offline (Kaiser, 2011; Järvikivi et al., 2014), while de la Fuente (2015) observed an anti-focus effect for object clefts using offline measures. Various differences in experimental design may be responsible for these conflicting findings, including whether or not the pronoun is preceded by a sentence boundary (cf., Colonna et al., 2012, 2015; Colonna and Hemforth, 2014; de la Fuente, 2015) or the fact that most studies lack a felicitous context that provides purpose for the it-cleft to contrastively focus a referent (with the exception of Kaiser, 2011; some of the studies in de la Fuente, 2015). For example, the majority of studies above presented an it-cleft after a sentence that simply introduced the characters, which does not align with the function that it-clefts serve in the real world; namely to contrastively focus something from prior discourse (Hornby, 1974). Thus, in the previous studies, the it-cleft more or less appeared “out of the blue.” The present study therefore employed a more felicitous context where the it-clefts follow a narrow focus non-contrastive question, such as Who nudged the elephant beside the tree?

Prosody is ubiquitous as a means of focus marking, especially in English, and often co-occurs with it-clefts in the real world. Interestingly, prosodic marking has been shown to be undiminished for clefts like (4) compared to non-cleft sentences with only prosodic marking like (5) (Arnhold, 2021). In fact, prosody seems to be an integral aspect of clefting. A cross-modal priming study by Cowles et al. (2007) reported that subject-clefts enhanced subject preference (measured by speed of naming its probe target word) only when the it-clefted entity was enhanced in its contrastive nature by prosodic marking.


(4)It was the GIRAFFE that nudged the elephant beside the tree. He wanted to be friendly.

(5)The GIRAFFE nudged the elephant beside the tree. He wanted to be friendly.



Importantly, prosodic cues may modulate interpretive preferences on their own—that is, in the absence of clefts. For example, Maratsos (1973) reported that prosodic focus marking modulated adult interpretive preferences of the pronoun him. When adults heard sentences like (6), most used the contrast signalled by the intonation on the pronoun to infer that the giraffe is now being nudged, rather than their interpretation under neutral prosodic marking that the elephant was once again affected by the action.


(6)The giraffe nudged the elephant beside the tree, and then the monkey nudged HIM.



Here, we will concentrate on the effect of prosodic focus marking not on the pronoun, but in the context preceding the pronoun, as in (5).

With regard to children, evidence suggests that sensitivity to prosodic focus marking starts to appear between 3 and 6 years of age, though children’s use of prosody in production and comprehension keeps developing for several years after that (Moore et al., 1993; Ito and Speer, 2008; Ito et al., 2014; Armstrong et al., 2016; overviews in Wells et al., 2004; Arnhold et al., 2016). Several studies have found that children use contrastive focus marking for predicting upcoming units of speech (Arnold, 2008; Ito et al., 2012, 2014; Sekerina and Trueswell, 2012), while Moore et al. (1993) showed that prosodic cues to (un)certainty (rising vs. falling intonation) modulate lexical cues (I think vs. I know). These studies are outside the domain of pronouns, but show that use of prosodic cues in comprehension tasks is developing within our age of interest, and can both enhance and hinder other language cues.

Sensitivity to clefting has been shown for children as young as 3–6 years of age (Ambridge et al., 2006; Theakston et al., 2014; Aravind et al., 2016). For example, in a study with 4-year-old German children, Järvikivi et al. (2014) found that children displayed an enhanced subject preference when a subject it-cleft was present; although their interpretive preferences were unaffected by the presence of an object it-cleft. Interestingly, in the same study, it-clefts (both subject and object) had no clear influence on adults’ pronoun interpretive preferences. The authors interpreted these findings as suggesting that children and adults may be sensitive to the same grammatical role and/or order of mention cues in reference resolution but that these constraints may not yet be fully acquired in children. However, as in most other studies, clefts in this study appeared without a preceding discourse context that rendered focus marking via clefting felicitous.

Prosodic effects may be another reason for the discrepancy of findings in previous studies investigating the influence of clefting on pronoun resolution for both children and adults. Almost none of the studies referenced above reported on the prosody of the spoken stimulus sentences used, which leaves a potentially important factor unaccounted for (the exception being Colonna et al., 2015, who used synthesised speech to control for prosody, but do not discuss its potential effects). Here, we expand on these previous studies by explicitly controlling and independently testing for the effects of prosody.

The present visual world paradigm investigated the role of linguistic focussing cues on adult and child real time (and offline) pronoun processing. This is the first pronoun study to date that has operationalised linguistic focussing cues as prosodic marking in the presence or absence of it-clefts, and in a discourse context that qualifies their contrastive function. Participants listened to spoken dialogues whilst their eye movements were tracked and time locked to the onset of the ambiguous pronoun he. Four of our five conditions used non-contrastive questions, where we manipulated whether the grammatical subject or object was prosodically marked as focussed and then either additionally it-clefted that referent or not (see Table 1). These four conditions are referred to as subject focus-cleft absent, subject focus-cleft present, object focus-cleft absent, and object focus-cleft present. We included a fifth condition (broad focus) to serve as a baseline, which did not focus either entity through a question or with linguistic focus cues. These conditions not only manipulated the focus, but also controlled other relevant aspects of information structure. In the broad focus condition, the entire test sentence constituted new information answering the preceding context question. In the other conditions, the preceding felicitous context question already established everything outside the focus as given information. Thus, for the subject focus conditions in Table 1, both speakers are aware that someone nudged the elephant before the crucial test sentence, whereas for the object focus conditions, it is established that the giraffe nudged someone. At the same time as establishing the division into focus vs. background and new vs. given, the preceding context also affects a third aspect of the information structure of the test sentence that is related and often correlated (including in our data), but can be separated both conceptually and empirically, namely the selection of a topic (cf. Krifka, 2007). Many scholars have identified the topic with given information (and the focus as new), but we here adopt the more precise definition of topic in terms of aboutness, following Reinhart (1981). Crucially, she concentrates on sentence topics, which have to correspond to an expression in the sentence, usually a noun phrase like the elephant or the giraffe (as opposed to discourse topics like the events by the tree). Using the metaphor of a library file card system for information exchanged in a discourse, Reinhart suggests that the topic—what the sentence is about—can be thought of as an entry in the system or the header of a file card under which information is filed. This information is the proposition expressed by a sentence, of which the focus is a part. Adopting this definition, we can say that in the subject focus conditions, the test sentence provides new information about the previously mentioned object, the elephant (namely who nudged him), so that the object is the topic. In the object focus conditions, it is the subject who is likely interpreted as the topic about which new information—the focus—is added. Finally, note that while all grammatical subjects were simultaneously agents and objects simultaneously patients, the inclusion of object clefts allowed us to partially compare the effects of subject and first mention preference in English: clefting fronts the object, which is otherwise always the second mention in a transitive sentence.


TABLE 1. Example illustrating experimental conditions.

[image: Table 1]Our primary goal was to investigate whether linguistic focussing influences ambiguous pronoun resolution. For example, do focussing cues help establish a subject and first mention preference, and do they hinder or override such preferences in the case of object focus? On the one hand, adults may have developed such robust preferences for the other inherently present cues, such as grammatical role, that linguistic focus appears to have no effect (such that focus cues are somewhat less activated, or dismissed as relatively less relevant and less reliable). On the other hand, if the linguistic focus cues are stable and used by adults, they should be activated and explain unique variance in their preferences by enhancing baseline subject looks within the subject focus conditions and hindering them in object focus conditions. Based on recent findings on the stability of prosodic focus marking irrespective of the use of clefts within general adult comprehension (Arnhold, 2021), we also explored whether adults use prosodic focussing cues regardless of cleft presence.

For children, many have suggested a reduced ability and experience in using multiple cues, for example, in their activation and suppression (Arnold et al., 2007; Theakston, 2012; Järvikivi et al., 2014; Allen et al., 2015; Hartshorne et al., 2015). If their general preference for the subject (and first mention) is weaker than adults’, as is suggested by the literature (Hartshorne et al., 2015), these preferences may be more likely to be modulated by focus cues relative to adults (Järvikivi et al., 2014). That said, children must have enough language experience with the focus cues and also have acquired the processing skills necessary to activate and use them accordingly. To assess this latter point, we incorporated independent measures of children’s working memory and language ability. Starting from a simple framework, we adopt a suggestion regarding referential forms in general (Niewland and Van Berkum, 2006; Serratrice and De Cat, 2018; Arnold et al., 2019; Langlois and Arnold, 2020; Qi et al., 2020), that strong memory and language skills should predict an ability to activate the most plausible referent (i.e., the interpretive preference displayed by adults). Therefore, if linguistic focus marking cues indeed modulate children’s subject and first mention preferences, any potential requirements to activate these cues and/or suppress less reliable cues should be more straightforward for high scorers in our working memory and vocabulary depth tasks.



MATERIALS AND METHODS


Participants

Fifty-eight undergraduates from the University of Alberta completed the experiment, all of whom spoke English as their first language. Thirty-seven children (mean age 4;4; range = 3;1–6;3, 20 boys) completed the experiment and were recruited from preschools and daycares in the Edmonton, Alberta, region of Canada. Two children were excluded because they did not complete the eye-tracking portion of the experiment and one additional child was excluded due to equipment failure resulting in the loss of data. All children were monolingual English speakers with no reported language disabilities.



Materials and Procedure

During the first session, all participants completed a pronoun interpretation visual world paradigm experiment, which lasted no longer than 20 min for adults and 30 min for children. During a second session, children’s memory and vocabulary depth were independently assessed, which took approximately 20 min in total. All assessments took place in a quiet setting within a university laboratory (adults) or preschool classroom (children). A trained research assistant led each session.


Pronoun Processing: Visual World Paradigm

Twenty experimental items were constructed so that each item was a 3-turn dialogue between two speakers (one male and one female). There were five versions of each item in order to capture the five different experimental conditions: subject focus-cleft absent, subject focus-cleft present, object focus-cleft absent, object focus-cleft present, and lastly a broad focus condition where neither the subject nor object was focussed. Each item referenced a location and four animal characters, two of which were the critical subject or object and another two which served as distractors. The spoken dialogues were simultaneously presented with displayed images of all four animal characters, as well as the location which was included so that participants would fixate on it prior to the critical test region [see example display in Figure 1 and dialogue in (4)]. During the first turn, Speaker A introduced the four animal characters along with the location. In the second turn, Speaker B asked a question that provided a felicitous context to Speaker A’s upcoming answer. This question depended on whether the experimental condition focussed the subject, object, or neither (broad focus). In the third turn, Speaker A answered the question in line with one of the five experimental conditions, followed by a sentence starting with the critical ambiguous pronoun, he. Examples of all conditions are given in Table 1.

(4) Speaker A: Yesterday at the zoo I saw a monkey, a giraffe, a tiger and an elephant.

Speaker B: Yeah I heard someone nudged the elephant by the tree. Do you know who?

(subject focus conditions)

Speaker A: It was the GIRAFFE that nudged the elephant by the tree. He wanted to be friendly. (subject focus-cleft present condition).


[image: image]

FIGURE 1. Example of experimental item screen presentation.


Forty animals and 20 locations were used to create the different experimental items, with all corresponding images being selected from an internet source Freepik (2017). A unique transitive verb was also used for each item. Items were counterbalanced into five separate lists so that participants received only one version of each item.

The display screens counterbalanced the presentation of the four characters into one of the four screen corners, with the location always in the middle. Narrations were recorded in a natural manner, but with clear and consistent prosodic focus marking, by one male and one female Canadian speaker. SR Research software (2020) was used to programme and pseudorandomise the experiment in Experiment Builder, and also to run the experiment using the remote mode of an Eyelink portable duo (children) or Eyelink 1000plus (adults). The sampling rate was 500 Hz, recording gaze locations every 2 ms.

Each participant took part individually. Children first completed an animal familiarisation task, where they were asked to preview and name the dialogue characters one by one on the computer screen. All visual world sessions began with a calibration and validation procedure, which both required participants to fixate on five markers (a smiling Mr. Sun character) that separately appeared on the screen. If spatial accuracy errors for each marker exceeded more than 2 degrees, these procedures were repeated. This was followed with practice items in broad focus condition in order to ensure that participants understood the procedure. Participants listened to 20 dialogue sequences (from one of the five lists) while we recorded their eye movements toward characters on the screen. After each dialogue, the visual array of the characters and landscape remained on the screen, and the participant was asked to determine who they thought the ambiguous pronoun referred to (e.g., Who wanted to be friendly?). A blank white screen was then shown, and the next item only began once the participant fixated on the Mr. Sun marker positioned in the center of the screen (a drift-correct calibration check). If the drift-checking procedure found an error that exceeded 2 degrees of visual angle, the calibration procedure was repeated. The research assistant coded each offline response to a question by pressing a keyboard button that corresponded to the chosen character.


Design summary

A broad focus condition served as a baseline comparison for four experimental conditions that used non-contrastive narrow focus questions and prosodic focus marking on the subject or object. The prosodically focussed character was either further marked with an it-cleft, or was not (Table 1). The response variable was subject preference looks, which was calculated by subtracting looks to the object character from looks to the subject character. This was measured for a period of −200 to 2,200 ms from the onset of the ambiguous pronoun. However, it should be noted that, as is usually the case with English studies, a subject preference can be co-attributed to the agent being the subject argument in all our conditions. Agentivity was not part of the experimental design of the present study, so (high transitive agent-patient) verbs were counterbalanced across all five conditions, and could not influence the differences between conditions. Further, with the exception of the object focus-cleft present condition, subject preference can be co-attributed to its convergence onto first mention. In the subject focus conditions, the linguistic focus cues marked the subject, first mention, and agent. In the object focus conditions, the linguistic focus cues conflicted with other cues. This confliction was strongest in the object focus-cleft absent condition, where linguistic focus marked the object, second mention, and patient. In the object focus-cleft present condition, the object was fronted, so linguistic focus conflicted with grammatical role and semantic role cues (i.e., aligned to the object and patient).




Working Memory Assessment

To assess working memory, each child completed the Nebraska Barnyard task from an executive function battery by Wiebe et al. (2011). The task was administered on a touchpad screen and run in E-Prime 1.1 (Psychology Software Tools, 2018). This measure is a suitable assessment of memory for our age because the responses reliably display appropriate distributional properties from 36 months (Wiebe et al., 2011), and because 4-year-olds perform at floor on equivalently complex measures of working memory (Gathercole et al., 2004). Scoring was according to Wiebe et al. (2011).



Vocabulary Depth Assessment

Children’s vocabulary depth was assessed using an experimenter-adapted version of a word description task (see Hughes et al., 2005; Blewitt et al., 2009; Hadley et al., 2016). In this task, the child has to describe the meaning of concrete and abstract nouns, verbs, and adjectives spoken aloud by the researcher. Twenty words were selected based on age of acquisition data reported by Morrison et al. (1992). That is, we selected the words so that they were appropriate for our youngest age group, specifically 10 words acquired before and after 3 years of age. Two words were practiced - one by the experimenter and one by the child. Each word was introduced by the question What is a(n) X? Since the aim was to collect rich definitions, the experimenter asked a follow up question, for example Can you show me or tell me anything else about X, or Do you know anything else about X? The experimenter moved onto the next word when the child had provided their full answer, or if a child gave an incorrect response. Testing was discontinued when four incorrect responses were made in a row. Responses were transcribed by a research assistant present during the session, and were also audio recorded for cases of uncertainty. The task aims to tap into semantic and contextual knowledge, rather than metalinguistic knowledge of the word like structure or form (Snow et al., 1991). This also enabled a rich scoring scheme.


Coding and scoring

The coding scheme was developed by Hadley et al. (2016; an adapted version of Hughes et al., 2005; Blewitt et al., 2009). Responses were coded in terms of information units that met any of eight categories. These were perceptual properties (e.g., a pond is blue); functional properties (e.g., a stool is so you can stand on it and wash your hands); parts (e.g., a pond has little waves); superordinate category (e.g., a weed is a big spiky plant); synonyms (e.g., an accident is done by mistake); gestures (e.g., fetching: child makes a motion similar to throwing a stick); meaningful context/factual (e.g., a shield is something you hold in your hand); basic context (e.g., pond: the duckling is with its mommy duck). Each information unit was then scored as one point apart from basic context (0.5). To avoid item-driven total scores, scoring for a single item was capped at two points (i.e., the maximum total raw score was 40). Three research assistants coded all the responses separately. The intra-class correlation coefficient was computed to assess the agreement between three raters. Under criteria set by Koo and Li (2016), the consistency between the three raters was rated excellent, using two-way random effect models, Intraclass Correlation Coefficient = 0.97, p < 0.01.






RESULTS


Results: Offline Data


Treatment

Coding identified whether the response corresponded to the subject character (“1”) or the object character (“0”), and a missing “NA” was coded if a distractor was selected. Distractors were selected 6 times by adults (<1% of responses) and 91 times by children (13% of responses).



Analysis

Generalised Linear Mixed-effects Models (GLMMs) (Baayen et al., 2008; Barr et al., 2013) were fitted to the data in the R statistics environment (R Core Team, 2019) using the lme4 package (Bates et al., 2014). Condition was entered as a fixed effect with broad focus set as the reference level, and the likelihood ratio test (Pinheiro and Bates, 2000; Barr et al., 2013) was used to test whether the random effects were warranted by superior model fit to data. Random effects for the final adult model included random intercepts of the subject and item; whereas the final child model only required random intercepts for subjects.

Descriptive statistics indicated a ceiling subject preference by adults in all conditions other than object focus-cleft present [Means (± SD): broad = 0.9 (0.48), subject focus-cleft-present = 0.91 (0.28), subject focus-cleft absent = 0.9 (0.31), object focus-cleft-present = 0.65 (0.48), object focus-cleft-absent = 0.85 (0.36)]; and a tendency to prefer the subject by children in all conditions other than object focus-cleft-present [broad focus = 0.66 (0.48), subject focus-cleft present = 0.73(0.44), subject focus-cleft absent = 0.75 (0.43), object focus-cleft present = 0.50 (0.50), object focus-cleft absent = 0.66 (0.40)]. For both groups, object focus-cleft present had a significant effect such that subject preference was reduced: adults: b = −1.97 (SE = 0.29), t = −6.68, CI −2.54 to −1.39; children: b = −0.84 (SE = 0.29), t = −2.95, CI −1.40 to −10.28. The other conditions were not significantly different to broad focus, as indicated by their t-values not exceeding 2, and confidence intervals not passing zero (Baayen, 2008). The Supplementary Material Section 1 provides the full inferential statistics of the final model for adults and children.




Results: Online Data


Treatment

The raw gaze data was pre-processed in the VWPre package (Porretta et al., 2018). The time course window was set to 200 ms prior to the onset of the ambiguous pronoun, followed by a critical region of 2,200 ms. Note that it takes around ∼200 ms for the pronoun to be completed and an additional ∼200 ms to plan an eye movement (Matin et al., 1993), so any effects occurring before 400 ms should not be attributed as a direct effect of hearing the pronoun (see section “Discussion”). Figure 2 presents the raw data for adults (Figure 2A) and children (Figure 2B), with subject preference looks as the response variable (calculated by subtracting the proportion looks to the object character from the proportion looks to the subject character). A subject preference value of 0 indicates equal looks to the subject and object entities, while positive values indicate a preference for the subject and negative values a preference for the object.


[image: image]

FIGURE 2. Fixation probabilities to the subject (the object subtracted from fixations to the subject, per condition [by time in ms; 0 ms = pronoun onset]). Top: adults (A); bottom: children (B). A positive score indicates subject preference whereas a negative score indicates object preference. Error bars indicate standard errors.




Fitting and Evaluation of Our Main Models

We report a series of Generalised Additive Mixed Models (GAMMs; see van Rij et al., 2019a) fitted separately to the data for children and adults, using the package mgcv (Wood, 2017) in R (R Core Team, 2019). GAMMs are a non-linear extension to mixed-effects regression methods (GLMMs; Baayen et al., 2008), and are particularly beneficial when analysing time series data, given that the response variable in time series data does not typically display a linear increase or decrease. Thus by using GAMMs, we can determine when exactly predictors have an effect on the response variable. In GAMMs, smooth functions (Wood, 2017) afford the non-linear modelling of predictor terms, allowing the regression line (or interaction surface) to “wiggle” if required by the data.

It is not recommended for GAMMs to analyze fixation proportions, so they were logit-transformed using the function transform_to_elogit, which distributes the values symmetrically around zero and provides an unbounded measure for the analysis (Barr, 2008). Thus, the response variable for our GAMM analysis was subject preference looks as empirical logits (i.e., e-logits), calculated by subtracting the e-logit looks to the object character from the e-logit looks to the subject character.

To account for variation in participants and items, GAMMs allow for random intercepts and slopes (just as in linear mixed effects modelling), as well as random factor smooths, which are unique to GAMMs and adjust the shape of the regression line or interaction surface with a potentially non-linear trend for each participant and item (naturally incorporating random intercepts and slopes). We followed recommendations of van Rij et al. (2019b) to fit each model with by-participant and by-item random smooths to the effects of time, as well as by-event (each unique participant-item response) intercepts and slopes to time. Accounting for more error variance generally reduces the residual errors, resulting in a better model fit to the data. Our complex random structure is also one solution to autocorrelation, which was further accounted for by using an AR1 model (see Wood, 2017).

We followed the recommendations of the majority of GAMM literature for reaching our reported best-fit models by using a backward-fitting stepwise elimination procedure (e.g., van Rij et al., 2019a). That is, all terms were included in an initial model and then the contribution of each term was evaluated using three criteria deemed to complement each other: (i) the estimated p-value (based on the F statistic) in the model summary; (ii) the Maximum Likelihood (ML) score comparison of model variants using the compareML function in the itsadug package (van Rij et al., 2020); and (iii) visual inspections of the model, again using functions from the itsadug package.

Experimental condition was fitted to the response variable as a five-level categorical predictor (akin to a linear fixed effect term): the levels included broad focus as the reference, subject focus-cleft present, subject focus-cleft absent, object focus-cleft present, and object focus-cleft absent sentences. An interaction between condition and the (continuous) time course was also fitted as a non-linear smooth.



Adult Main Model: Summary Statistics and Visualisations

Inferential statistics for the main model of the adult data are provided in Table 2. The first rows provide parameter coefficients that can be interpreted in a similar fashion to GLMMs, such that, relative to the broad focus reference level, a positive Estimate value indicates a stronger subject preference and a negative estimate value indicates a weakened subject preference. These values only tell us about the difference between conditions when Time is equal to 0 (pronoun onset), so we move to the smooth terms for interpretation. The edf (effective degrees of freedom) column indicates the “wiggliness” of the regression line, where a value greater than 1 indicates non-linearity. The smooth term p values indicate whether the regression line significantly differs from 0 at any point in the time course (where 0 indicates equal looks to the subject and object). In order to interpret the shape of the regression lines and determine when they differ from 0, plotting is necessary. The summed effects for all conditions are visualised in Figure 3A (see Supplementary Material Section 2, for more detailed figures).


TABLE 2. Summary statistics of the “Main” Generalised Additive Mixed Model for adults.
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FIGURE 3. Visualisation of the summed effects derived from the “Main” models of adult (A–E) and 3- to 6-year old (F–J) fixation patterns, with the random effects set to zero. (A,F) Smooth terms for each time by condition term. (B–E,G–J) Difference plots visualising the difference between the broad focus condition with each other condition. The difference plots are coloured consistent with the grand means (Figure 2) and smooth terms plot (A,F), and have been abbreviated from left to right “SFCP” = subject focus-cleft present (dark red), “SFCA” = subject focus-cleft absent (red), “OFCA” = object focus-cleft absent, (blue), and OFCP = object focus-cleft present (navy blue).


Across all conditions, a subject preference generally increased across the time course. In the broad focus condition, an early object preference occurred from −200 to 750 ms; whereas a subject preference occurred at 1,100–2,200 ms. For both subject focus conditions, a subject preference was significantly different from zero from −200 to 2,200 ms. Since we should not expect to see evidence of pronoun influence until at about 400 ms, this suggests attentional preferences prior to the pronoun. However, the slope increases from around 500 ms, suggesting that pronoun effects are likely occurring in combination with such attentional effects (see Discussion). This interpretation also applies to the object focus conditions, where an immediate object preference was present from −200 ms but also extended to the region we would expect for pronoun effects: −200 to 860 ms in the object focus-cleft present condition, and −200 to 1,500 ms in the object focus-cleft absent condition.

Figures 3B–E display the difference plots, which are essential for examining whether smooths of each experimental condition significantly differ from the broad focus baseline. Here, the subject preference value for each comparison condition (i.e., subject minus object looks) is subtracted by the corresponding value for the broad focus condition. In each panel, the solid line represents the estimated difference between the comparison conditions (with shading for pointwise 95% confidence intervals), and the dashed vertical lines highlight any time window(s) for which this difference is significant. A positive value indicates that the subject preference was greater relative to the broad focus condition, as revealed in the significant windows of the subject focus-cleft present (−200 to 1,300 ms) and subject focus-cleft-absent (−200 to 1,320 ms) plots, which have effects of a similar magnitude and time course. A negative value indicates that the subject preference was reduced relative to the broad focus condition, as in the significant windows of the object focus-cleft absent (−200 to 260 ms and 1,060 to 2,050 ms) and object focus-cleft present (1,180–2,030 ms) plots, which again have a similar magnitude and time course to each other.

The Supplementary Material Section 3 provides subsidiary analyses that followed up on the similarity of linguistic focus effects with and without cleft presence (based on timing, magnitude, and their overall visual similarities in Figure 3A). Indeed, when the subject focus-cleft absent condition was used as the reference level, there were no significant differences between that condition and subject focus-cleft present condition; and correspondingly, there was no significant difference between object focus conditions when object focus-cleft absent was used as the reference level.

Supplementary Material Section 4 provides another subsidiary analysis (with full interpretation) that was run with the object focus-cleft present condition as the reference level, and first mention preference looks as the response variable (calculated by subtracting looks to the second mentioned character from looks to the first mentioned character). The motivation for this analysis is that the object focus-cleft present condition is an exception to the other conditions, such that the object is fronted as the first mentioned entity (in all other conditions the object is second mentioned). Therefore this analysis enabled a check that the aforementioned effects were a combination of focus with grammatical role and order of mention, rather than only one of these factors: If the object focus-cleft present sentences do not differ in first mention preference relative to other conditions, it would indicate that the aforementioned subject preferences were driven by the combination of focus with order of mention, and not in combination with grammatical role. However, the results support the presence of a subject preference in addition to a first mention preference. That is, online looking preferences are stronger the more that focus, subjecthood and first mention cues are aligned.



Models for Children: Summary Statistics and Visualisations


Main model

Using the same backward fitting procedure as outlined for the adult main model, a series of GAMMs were built for the child data to reach the main model. Inferential statistics for the main model are provided in Table 3. We turn directly to the visualisations of these smooth terms in Figure 3F (see Supplementary Material Section 5, for by-condition plots), representing the interaction between condition and (continuous) time course. A significant subject preference was present in the broad focus condition starting from much earlier than for adults, from 600 to 2,200 ms, and also for a similar time window in the case of the subject focus-cleft present sentences (540–2,200 ms). In the subject focus-cleft absent condition there was a significant subject preference present even prior to the onset, which lasted for the entire duration (−100 to 2,200 ms). Crucially, starting around 600 ms there was a steep increase in the slope, which likely reflects an effect of the pronoun that we see in the previously mentioned conditions. Conversely, the two object focus conditions did not significantly differ from zero. The time by condition difference plots in Figures 3G–J revealed that, relative to the broad focus sentence, there was a significantly greater subject preference on hearing subject focus-cleft absent sentences (964–1,473 ms); and that the subject preference was significantly reduced in object focus-cleft present sentences (1,012–2,200 ms). Subject focus-cleft present and object focus-cleft absent sentences did not differ from broad focus.


TABLE 3. Summary statistics of the “Main” Generalised Additive Mixed Model for 3- to 6-year-olds.

[image: Table 3]A series of subsidiary child models were run as a follow up to the main model. Supplementary Material Section 6 provides summary statistics and respective difference plots for models investigating whether there was a difference between cleft present versus cleft absent conditions within each focus location. When the subject focus-cleft absent condition was set as a reference, it did not significantly differ from the subject focus-cleft present condition. However, that absence of a significant statistical difference within subject focus conditions should be interpreted with caution—the main model reported that subject focus marking enhances subject preference (relative to the broad focus baseline) when operationalised as prosody alone, but not when in combination with a cleft. Another subsidiary model employed the object focus-cleft absent condition as the reference condition and confirmed that object focus-cleft present sentences were significantly more likely to be associated with a reduced subject preference, resulting in more looks to the object than object focus-cleft absent (1351–2,200 ms).



Response variable set to first mention preference

The main model finding that, unlike adults, object focus-cleft absent (object = second mention) sentences did not significantly reduce children’s subject preference relative to the broad focus condition, suggests that the significant difference between broad focus and object focus-cleft present (object = first mention) sentences was more driven by a first mention preference than focussing of the object per se. This was confirmed in a subsidiary analysis that was run with first mention preference looks as the response variable (Supplementary Material Section 7). As with the equivalent adult subsidiary model (see end of section “Fitting and Evaluation of Our Main Models”), the other difference plots supported that preferences are strongest when focus is fully aligned onto the subject and first mention.



Models for children incorporating individual difference measures

For the children’s data, we ran exploratory models which additionally incorporated an individual difference predictor (either age, memory, or vocabulary depth; each scaled and centred). Individual difference predictors were run in separate models, as is recommended for collinear predictors in GAMMs (van Rij et al., 2019a): all correlations were significant (p < 0.05) and medium to strong in size (memory and vocabulary: r = 0.51; memory and age: r = 0.44; age and vocabulary: r = 76). The previously reported backward-step elimination procedure was used to determine the best-fitting models. Crucially, the best-fitting GAMM for both the memory model and the vocabulary model included a two-way interaction between the respective individual difference measure and the focus condition, as well as a three-way interaction between the time course, the respective individual difference measure and the focus condition (discussed in further detail below). We do not report the best-fit age model because age terms were not sufficient in meeting model inclusion criteria via the model summary terms and visualisation. Below, we only interpret the terms involving individual differences, as our previous “main” model already examined the time by condition terms under the same random effects structure.


Memory model

Table 4 reports the summary statistics of the best-fit memory model. There was a significant memory ability modulation of time course effects in the subject focus-cleft absent condition, as visualised in the Figure 4A contour plot. Contour plots are read like topographic maps, and a description of how to interpret our formatting is provided within the Figure caption. For subject focus-cleft absent sentences, children who had very low memory scores displayed a strong subject preference limited to within the first 500 ms, whereas children with middle and high memory scores showed an increased subject preference from around 1,000 ms onward. It was unexpected that children with poorer memory ability would display an enhancement of subject preference for these sentences at an earlier point in time course (prior to 500 ms); however, since pronoun-related effects more typically occur in adults from around 500 ms onward, we return to this point in the discussion as an effect that is more likely explained by attentional-only effects that occur prior to the pronoun. Importantly, the later time window for children with middle to high memory scores corresponds to our earlier report that the subject focus-cleft absent condition displayed a significant enhancement of subject preference relative to broad focus sentences from 964 to 1,473 ms. Summary statistics also indicated a significant memory modulation of the time course effects of object focus-cleft absent sentences. This is illustrated by Figure 4B, where children with low memory scores displayed a tendency to prefer the subject after around 700 ms, whilst children with medium and high memory scores only displayed tempered subject preferences. Supplementary Material Section 8 shows that both these three way interactions held, and that no additional effects appeared, when the response variable was first mention preference looks instead.


TABLE 4. Summary statistics of the “Memory” Generalised additive mixed model for 3- to 6-year-olds.

[image: Table 4]

[image: image]

FIGURE 4. Contour plots of three-way interactions between Time (x-axis), Memory Scores on the Nebraska barnyard task (y-axis) and subject focus-cleft absent (A) or object focus-cleft absent (B) conditions. Yellow indicates a subject preference, whereas green indicates a reduced subject preference. Blue colours represent object preference, but these are too minor to interpret.




Vocabulary model

Summary statistics and visual plotting revealed that vocabulary modulated the interaction between time and subject focus-cleft absent, displaying a very similar pattern to that modulated by memory (see Supplementary Material Section 9). However, vocabulary depth did not significantly modulate time course effects on object focus-cleft absent sentences. When the response variable was first mention preference looks, vocabulary depth held its significant modulation of subject focus-cleft present sentences, and also then significantly modulated the time course effects of object focus-cleft present sentences (as in memory interactions). The discussion further explores the similarities between our individual measures.







DISCUSSION

In a visual world eye tracking study, we investigated whether adults and children use linguistic focussing devices, embedded within a felicitous discourse, to help resolve ambiguous personal subject pronouns. Linguistic focus on the grammatical subject or object of the sentence prior to the pronoun was operationalised as prosodic marking either in the presence or absence of it-clefts. This linguistic focus served a pragmatic purpose to focus a referent from prior discourse that involved a non-contrastive question (e.g., Yeah I heard someone nudged the elephant by the tree. Do you know who?). Our data revealed that linguistic focussing via prosodic marking, embedded within a felicitous discourse, impacted both adult and child real time pronoun processing. The presence of it-clefts had no significant effect on adult online processing once prosodic focus was taken into account; and this partially extended to child online preferences such that subject it-clefts had no significant influence. Object focussed it-cleft sentences significantly reduced an online baseline subject preference by children, which we attribute to the object moving to the first position in the sentence. The condition with object it-clefts was also the only one to affect the offline measure of pronoun interpretation in both adults and children, significantly reducing the subject preference. Taken together with our additional finding that children’s interpretive preferences were modulated by individual differences in memory and language ability, our observations are informative to how adults and children use multiple cues to appropriately represent entities within their discourse models of the text meaning (Zwaan and Radvansky, 1998).

The influence of discourse context and linguistic focus via prosodic marking on online interpretive preferences was over and above well-established cues like subjecthood, first mention and agentivity, and this was particularly robust for adults. First, conditions that prosodically marked the subject as focussed significantly enhanced subject preference looks relative to the broad focus condition. Second, prosodic marking of the object significantly reduced the subject preference relative to the broad focus condition. Significant focussing effects for adults were found regardless of whether clefts were present. This finding may appear to contradict some previous studies that reported an effect of clefts on pronoun resolution (Cowles et al., 2007; Foraker and McElree, 2007; Colonna et al., 2015), but as those studies did not control for the effect of prosodic focus marking, it is possible that their cleft effects were due to concomitant prosodic focus marking (whether present in the spoken stimuli or mentally added by readers as silent prosody). Independently testing the effect of prosody, our results correspond with previous findings that clefts do not appear to influence adult pronoun processing per se (Kaiser, 2011; Colonna et al., 2012; Colonna and Hemforth, 2014; Järvikivi et al., 2014). It is also in line with general adult literature showing that prosodic marking is undiminished in the presence of clefts (Arnhold, 2021), that prosodic focus marking on its own provides a greater memory advantage than clefts on their own (Cowles et al., 2007; Kember et al., 2019), and that prosodic focus marking is ubiquitous, but the use of clefts to mark focus is relatively rare in spoken English (Sánchez-Alvarado, 2020). Importantly, clefts are not simply an alternative and equivalent to prosodic focus marking, but have long been recognised as complex constructions with a specific combination of syntactic, semantic and pragmatic characteristics (Declerck, 1988; Kiss, 1999; Hedberg, 2000; Drenhaus et al., 2011; DeVeaugh-Geiss et al., 2015; Destruel and Donaldson, 2017). Still, focus marking is a primary function of clefts, as well as of prosody (which usually seems to accompany clefts and help them perform this function, see Arnhold, 2021). In turn, the focused parts of utterances are boosted in terms of attention and memory (Cutler and Foss, 1977; Cutler and Fodor, 1979; Birch and Garnsey, 1995; Foraker and McElree, 2007; Kember et al., 2019; Káldi and Babarczy, 2021); in other words they become more activated and central in the listener’s mind. It is commonly assumed that pronouns are interpreted as referring to the entities that are most activated and central at a given moment (Gundel et al., 1993; Zwaan and Radvansky, 1998; Hartshorne et al., 2015). Therefore, it can be asked to what extent looking preferences detected in our data reflect (i) ongoing attention (or activation) processes that would affect looking preferences regardless of whether a pronoun was present; or (ii) pronoun-driven preferences triggered by the online processing and offline interpretation of the pronoun itself, which are also influenced by the preceding context but introduce constraints specific to the pronoun rather than being merely additive. Third, an important distinction is between the online processing of pronouns considering various cues and the final interpretation of pronouns as reflected in offline responses. We shall first discuss the differentiation between (i) and (ii) before considering this last point.

The time course for linguistic focus effects in adults provides a lens into understanding to what extent they can be interpreted as pronoun-driven. Specifically, it takes at least 400 ms to hear the pronoun and to plan an eye movement, so any significant effects occurring prior to that time cannot not be interpreted as a direct effect of hearing the pronoun. The main analysis of adults revealed that all four focus conditions significantly differed to chance from −200 ms; and this time course also applied to when conditions were compared to broad focus, with the exception of object focus-cleft present (beginning at 1,180 ms). Note that the subject preference in the broad focus condition differed from chance from 1,100 ms onward, corresponding to the timing in equivalent sentences used by Hartshorne et al. (2015; also see Song and Fisher, 2005: from 1,000 ms), confirming that this was the most representative baseline of adult interpretive preferences. The effects from −200 ms to (at least) 400 ms can be interpreted in various ways. One could posit these are attention-only effects, such that the linguistically focussed entity from the prior sentence was still being attended. This particularly could be proposed for the object focus conditions, which experienced their highest magnitude of looks (to the object) at −200 ms and then linearly reduced toward chance level looks. However, the significant effects for each focus condition extended well beyond 400 ms, so an attention-only explanation should be extended to incorporate pronoun-related effects. That is, attentional effects might occur on their own at an early time point (−200 ms to at least 400 ms), but some of those cues continue to be, or become more, relevant in processing the pronoun, for which the subject is always the target attachment (as indicated by offline results; also see Introduction). This is well exemplified by the subject focus conditions, which displayed a subject preference from the beginning of the analysis window, with an additional steep slope increase in subject preference beginning from around 400 ms onward. Foraker and McElree (2007; also see Káldi and Babarczy, 2021) showed that linguistic focus, specifically clefting, renders the referent in focus more available (facilitating its memory representation), but not more accessible (not affecting the speed of processing). That is, the pronoun is not merely matched to the content in focal attention. A metaphor for this is a target, which is easier to hit when it becomes larger, even though it is not moved any closer. According to this line of thinking, focussing increases the likelihood of establishing reference, thus resulting in the observed difference in the eye movement record in terms of the overall cumulative proportion of looks to (in our case) the subject. Therefore, focussing aids processing in the sense of establishing reference to the subject antecedent more easily. Crucially, this should not be interpreted as suggesting that focus changes the relative preferences during processing or the final interpretation of the pronoun. Rather, the influence of focus is that it makes the subject antecedent - which was always the target - more available. In line with this, as we have shown, we see no increase in the final offline preferences: focus does not change how people interpret the dialogues and the referential relations in them. It just makes establishing those relations that much more likely or easier. Whilst some details of the explanation necessarily remain open here, these findings provide strong evidence for linguistic focus having an effect on online processing of the pronoun itself, as well as for other individual and overlapping language interpretation processes like attention being reflected in looking preferences before and during pronoun processing.

Turning to the third question of how online looking preferences (reflecting pronoun processing) correspond to offline responses (reflecting final pronoun interpretation), it is noteworthy that only the object focus-cleft present condition differed from the baseline condition by showing a reduced offline subject preference. Focussing the subject did not have a significant effect on offline responses for adults or children, whether operationalised as prosodic marking or clefting. This suggests that even though listeners attend to focus during online processing, as evidenced by their looking preferences (for discussion of child data, see below), our data did not point to focus having a significant effect on the final pronoun interpretation. This contradicts the frequent suggestion that focussed words are more likely pronoun referents, which has been advanced based on two distinct, though partly overlapping concepts of focus (also see Gundel et al., 1993; Lambrecht, 1994, p. 201; Huang, 2000, p. 250; Goldberg, 2006, p. 136). First, based on what could be termed psychological or attentional focus, it has been suggested that focussing brings a referent to the centre of attention and thereby makes it a more accessible antecedent for a pronoun (Linde, 1979; Grosz and Sidner, 1986; Gundel et al., 1993). Second, literature using the linguistic or information structural meaning of focus has stated that the focus of one sentence often becomes the topic of the next sentence (van Valin and LaPolla, 1997, p. 224; Goldberg, 2006, p. 136), i.e., the entity about which the next sentence provides new information (Reinhart, 1981). As unstressed pronouns are a common way to realise topics (Prince, 1981; Givón, 1983; Lambrecht, 1994, p. 132), this makes the focus of the previous sentence a likely referent for the pronoun in the next sentence. Thus, focus may signal an upcoming topic shift, as remarked in the context of pronoun resolution by Colonna et al. (2015; also see Patterson et al., 2017). However, within the information structure literature it is also clear that since every sentence has a focus, the focus does not always become the topic of the next sentence per default. Rather, there is a general tendency for topic continuity, meaning that the topic of a sentence will be the same as the topic of a preceding sentence (Givón, 1983; Lambrecht, 1994, p. 132). Consistent with this, the present data do not suggest that focus is regularly interpreted as signalling a topic shift across sentence boundaries causing a preference to interpret the focused entity as the pronoun referent. Rather, our data suggest that while focussing may have the potential to signal an upcoming topic shift, listeners do not assume this as a default. In the absence of further evidence that the pronoun was referring to the focussed referent, our participants robustly interpreted the pronoun as referring to the first-mentioned entity of the previous sentence, which was the subject in most conditions. Interestingly, this tendency held for conditions where the first-mentioned subject was the topic (broad focus, object focus-cleft absent), resulting in topic continuity across sentences, as well as for conditions where it was not (subject focus-cleft present and subject focus-cleft absent). While in a prototypical English sentence the first-mentioned entity is also the subject, topic, agent and preferred referent for subject pronouns in a following sentence, our data suggests that in cases of misalignment between cues, first mention, subjecthood and agentivity cues to pronoun interpretation override the tendency toward assuming topic continuity.

Children’s use of focus marking in online processing was most clearly demonstrated by their enhanced subject preference in the subject focus-cleft absent condition. Like adults, the influence of (subject) focus cues on children came through prosody, and was not enhanced by additional clefting. This finding may seem to conflict with the findings of Järvikivi et al. (2014) who found an effect of subject it-clefting with German children. Again, it is possible that the reason it-clefts influenced online interpretive preferences in that particular study may actually be the lack of other discourse and pragmatic cues or the fact that prosody was not controlled. In the present study, not only did the presence of a subject it-cleft fail to enhance subject preference relative to prosody alone, but when the it-cleft was present, there was no difference compared to baseline subject preference (as indicated by the broad focus condition), though a subsidiary analysis showed that the (visibly smaller) subject preference in the subject focus-cleft present condition was not significantly different to the subject focus-cleft absent condition. The absence of a clear effect of subject clefts in children could be explained in various ways, including the relatively low frequency of clefts impacting their use as cues to pronoun referents (Arnold, 2008, Arnold et al., 2019), the fact that the first contented noun (subject) is not the very first constituent in the sentence, which could reduce the first mention advantage (Kaiser, 2011) or the complex syntactic and pragmatic characteristics of clefts delaying their acquisition (Paul, 1985; but see Aravind et al., 2016).

For object focus-cleft present sentences, children displayed a reduced subject preference relative to their processing of broad focus, showing increased looks toward the prosodically marked and clefted object (and now first mentioned) entity. We do not attribute focus marking (prosody and cleft) as the lead cause for this preference, for several reasons. First, children’s performance with that same combination of focus cues in the subject focus-cleft present condition suggests that they did not use the linguistic function of clefts in their pronoun processing (also see Ambridge et al., 2006; Theakston et al., 2014). Second, when the object was focussed via prosody alone (object focus-cleft absent) there was no significant difference relative to the baseline broad focus condition. At this point, these two findings suggest that children only used prosodic focus on the object as a reliable cue when it converged onto the first mention. The importance of first mention was further demonstrated in our follow up subsidiary analysis which operationalised the response variable as looks to the first mention minus the second mention. This revealed that prosodic focus on the object and first mention did not enhance first mention looks relative to the broad focus baseline, indicating that the main model effect of object focus-cleft present sentences is more driven by children’s strong first mention preferences.

Adult and child offline responses painted a somewhat similar picture as online processing with regards to object focus-cleft present sentences: these were the only sentences that adults did not respond to with a ceiling subject choice (65%), and were the only sentences that children responded to at chance-level (50%). Therefore, both our online and offline findings for object focus-cleft present sentences corroborate that subject preference is typically more robust when aligned with multiple cues and is particularly hindered when the subject entity does not align with first mention. This is in line with previous studies using flexible word order languages (Järvikivi et al., 2005; Kaiser and Trueswell, 2008; Schumacher et al., 2017), and shows that both of these cues contribute to pronoun resolution in English.

A misalignment of cues may also explain why, unlike adults, prosody did not display a clear effect on children in object focus conditions. In these conditions, prosody was misaligned against established cues (subjectivity, first mention, and agentivity) and, compared to adults, children’s interpretive preferences are weakened by misaligned cues to a greater extent (Blything et al., 2021). Related, whilst sensitivity to linguistic functions of prosodic focus marking starts to appear between 3 and 6 years of age, it is still developing during this age window (Moore et al., 1993; Wells et al., 2004; Arnhold et al., 2016). Therefore, prosody is simply not as stable of a cue for these children, so may be activated relatively less than for adults. Indeed, this fits previous work showing that young children do not initially use cues in the same way as adults (Pyykkönen et al., 2010; Järvikivi et al., 2014; Goodrich Smith and Hudson Kam, 2015; Blything et al., 2021). The overall extent to which individual children resembled adults is likely dependent on a number of factors, ranging from whether they have the required language experience and developed the same robust preferences for established cues (e.g., subjecthood), as well as the processing skills required to appropriately activate and suppress multiple cues (Järvikivi et al., 2014; Hartshorne et al., 2015).

The time course modulation of children’s looking preferences in linguistic focus conditions relative to the broad focus condition reported significant effects only from around 1,000 ms post pronoun onset, strongly suggesting that focussing cues were generally having some form of an effect on the online processing of the pronoun itself, rather than on attention-alone. Additional models that incorporated individual difference measures of children’s memory and language also provided some time course effects that can be attributed to the presence of the pronoun. From around 500 ms onward there was a trend for children with medium to high scores in both working memory and vocabulary depth to be more likely to use prosodic marking to enhance (subject focus-cleft absent) or override (object focus-cleft absent) subject preferences from the pronoun region. However, the overall data show that, as we discussed for adults, children also displayed early effects that cannot be attributed to the pronoun. First, the subject focus-cleft absent condition differed to zero from −200 to 2,200 ms, meaning that there were preferences before any pronoun effects would be expected (at least 400 ms onward). Second, the three way interactions showed that, up until around 400 ms, only children with low scores in memory and language displayed an enhancement of subject preference for subject focus-cleft absent sentences. Exactly what such effects entail for these children, might be informed by general child language research. Studies have reported that young or low memory span children are less able to make use of their understanding for visual information to inform their interpretation of language, for example syntactic ambiguities (Trueswell et al., 1999; Weighall and Altmann, 2010; Zhang and Knoeferle, 2012; also see Cooper-Cunningham et al., 2020). Therefore, these children may be more amenable to (non-linguistic) attentional influences and less able to make use of the linguistic focussing function of prosody.

Importantly, whilst the subject preference in the subject focus-cleft absent condition differed to zero from −200 ms, it steeply rose after 500 ms. Therefore as suggested for adults, attentive modulation likely contributed to the effects on the medium and high scorers that occurred from the online processing of the pronoun itself. Collectively, this presents a complex picture for the role of memory and language, as well as attentional versus pronoun effects. However, it does provide support for our relatively straightforward prediction based on general literature for referential expressions, that variation in memory and language skills would predict children’s ability to interpret the most plausible referent of the pronoun (Zwaan and Radvansky, 1998; Serratrice and De Cat, 2018; Arnold et al., 2019; Langlois and Arnold, 2020; Qi et al., 2020). Our adult data showed that prosodic focus marking is attended to during pronoun processing, and this is more likely for children who have more available processing resources (Kidd, 2013; Järvikivi et al., 2014; Hartshorne et al., 2015).


Limitations and Suggestions for Future Research

Our findings add to a growing body of recent work in experimental pragmatics that has reported on the importance of including language and context representative of the real world (e.g., Kidd et al., 2007; de Ruiter et al., 2018, 2020). Of course, in any experimental design there is a difficult balance to maintain between controlled methodology and ecological validity. One could argue that it would have been beneficial to have included a cleft condition in the absence of prosodic marking to more directly assess a previous finding that clefts can enhance subject focus for adults (Colonna et al., 2015) and to test for an interaction between clefting and prosodic marking. However, such a condition is not informative to real world situations because it-clefts rarely occur without prosodic marking (Arnhold, 2021). Similarly, since we embedded focus marking in a felicitous discourse context, we cannot separate the effects of prosodic focus marking (or clefting) from the effect of the preceding question, which already signaled the focus of the upcoming sentence. Separating these factors would, however, have come with significant downsides without necessarily leading to a more informative design. On the one hand, if the felicitous preceding discourse context is omitted, focus marking does not fulfill the same function as it does in its real-world usage, so that its effects are difficult to interpret (cf. discussion in the Introduction). On the other hand, the absence of prosodic focus marking when focus is clearly indicated with a preceding question likewise is unnatural and potentially confusing if prosody is controlled, e.g., flat, in spoken stimuli. This unnaturalness can be avoided by using written stimuli, but this does not necessarily eliminate prosodic effects, since readers are known to mentally impose silent or “implicit” prosody (see overview in Breen, 2014). Finally, our naturalistic, yet clear manipulation of focus via preceding questions means that the number of mentions within the dialogue was not the same for all referents. In our four focus conditions (see Table 1), the non-contrastive question explicitly named only the unfocused character of the test sentence (i.e., the object in subject focus conditions, the subject in object focus conditions), but not the focussed character (i.e., the subject in subject focus conditions, the object in object focus conditions). The fact that the focussed referent of the test sentence was not mentioned in the prior non-contrastive question follows from the function of the question to set up the following test sentence with focus on that previously unmentioned character—essentially, the question asks about something the speaker does not know, which is the focus of the answer. This is a reflection of real-world language use, where, as discussed in the Introduction, focussed constituents prototypically convey new information, while backgrounded constituents convey given information. Therefore we view the differences in number of character mentions for the non-contrastive question versus the test sentence as an inherent part of our manipulation of information structure. Note also that it could have been predicted that the referent with more previous mentions would be more accessible and therefore more likely to be considered as the referent of the pronoun (cf. the discussion on topic continuity above). However, our results showed more looks to the focussed referents, which had fewer previous mentions, suggesting that the imbalance in previous mentions at least did not drive our findings in any obvious way.

Even though adults displayed a higher magnitude of subject preference than children in the broad focus condition, it is still a surprising finding that children’s preference for subject looks relative to chance developed earlier (600 ms versus 1,100 ms past the pronoun onset). Adults displayed a small in magnitude but significant initial object and second mention preference in looks (until 750 ms); whereas children did not. An initial object preference is fairly common for standard SVO sentences, typically attributed to the recency effect (Hartshorne et al., 2015). This is unlikely the only reason in our study because it was designed to avoid recency effects by placing a location at the end of the SVO sentence (Järvikivi et al., 2005; e.g., in front of the tree). Another reason might be that the broad focus condition differed from the others because it asked do you know what?, rather than do you know who? This context is less suggestive that the next sentences are going to focus on characters, and if this contextual information is used more by adults then it would explain their relative delay.

Our working memory and language knowledge measures both accounted for developmental patterns in the processing of pronouns. One matter for future studies is to include a more comprehensive battery of tasks to measure these constructs, particularly to gain a more fine-grained understanding of the processing skills involved (Language Reading Research Consortium, 2015). The specific measure of working memory was chosen because it incorporates a storage and processing component, can be performed by 3-year-olds, and has a low semantic content so is less strongly related to language processing than tasks like verbal working memory span (Daneman and Merikle, 1996). Nevertheless, future work with older children would afford more complex span tasks (e.g., Gathercole et al., 2004), to examine if predictability holds across the specific conditions reported by the present study. For that same purpose, additional measures of language knowledge that test language exposure (Montag and MacDonald, 2015; Arnold et al., 2019) and grammatical knowledge could be included (Language Reading Research Consortium, 2015). This is especially important because there has been a lack of consistent effects for the role of individual differences in the general domain of children’s sentence comprehension, with some positive findings (Boyle et al., 2013; Blything et al., 2015; Qi et al., 2020), and others negative (de Ruiter et al., 2018, 2020). Further, the role of attentional effects and the overlap between pronoun interpretation and other language interpretive processes reflected in eye movements/fixations should be further explored in future work.

In summary, the present study demonstrated that, for both adults and young children, linguistic focus cues provided in a felicitous discourse context guide attention and modulate online processing of a pronoun. This was a robust finding for adults, as their baseline subject preference looks were enhanced when the subject was prosodically marked, and hindered when the object was prosodically marked. Both these findings extended to children who achieved medium to high scores in memory and language tasks. For the offline pronoun interpretation, both adults and children appeared to so robustly rely on other established cues like subjectivity and first mention that there was no clear influence of focus, either via prosody or clefts. Nevertheless, focus marking was attended to in online processing, reflecting the fact that several processes happen while listeners construct their discourse representation, of which pronoun resolution is just one part. For children, the additional presence of clefts seemed to in fact hinder their use of prosodic cues in subject focus conditions, whereas object clefts triggered an object preference, likely explainable as a first-mention effect—which was also reflected in offline responses by both children and adults. The incorporation of clefts in the experimental design allowed us to partially disentangle the effects of subjecthood and first mention, which normally converge in transitive English sentences. Comparing children and adults with the same experimental materials has highlighted that the misalignment of these cues, where it occurs, poses an even greater challenge for children. Finally, our study highlights the importance of investigating pronoun resolution in a felicitous context. While our results confirmed that focus affects online pronoun processing, they also showed that the final interpretation of the referential relations in the dialogues was not affected by focus, but driven by the constraints pertaining to the particular pronoun and the mental representation of a coherent discourse.
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Broad focus

Subject focus: cleft
absent

Subject focus: cleft
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Object focus: cleft
absent

Object focus: cleft
present

Yeah, | heard something
happened. Do you know
what?

Yeah, | heard someone
nudged the elephant
beside the tree. Do you
know who?

Yeah, | heard the giraffe
nudged someone beside
the tree. Do you know
who?

The giraffe nudged the
elephant beside the tree.
He wanted to be friendly.
The GIRAFFE nudged the
elephant beside the tree.
He wanted to be friendly.

It was the GIRAFFE that
nudged the elephant
beside the tree. He wanted
to be friendly.

The giraffe nudged the
ELEPHANT beside the tree.
He wanted to be friendly.

It was the ELEPHANT that
the giraffe nudged beside

the tree. He wanted to be

friendly.

1. CAPITALS indicate prosodic focus marking. 2. Verb list: splashed, kicked,
slapped, bit, hugged, bumped, scratched, squeezed, pinched, poked, kissed,
pushed, slapped, tickled, hit, nudged, pet, shoved, cuddled, touched.
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