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The Effects of Semantic Role Predictability on the Production of Overt Pronouns in Spanish
In order to refer in any language, speakers must choose between explicit forms of expression, such as names or descriptions, or more ambiguous forms like pronouns. Current models suggest that reference form is driven by subjecthood, where speakers in English choose pronouns for the subject, and speakers of null pronoun languages like Spanish or Italian use null pronouns. We test this generalization by examining the effect of a different factor, thematic role predictability, on reference production in Spanish. In stories about transfer events (e.g., Ana gave a ball to Liz), speakers prefer to use pronouns more for reference to goals (Liz) than sources (Ana; (Rosa & Arnold, 2017). However, this has not been examined for null pronoun languages. In two experiments, we demonstrate that Spanish speakers are also sensitive to thematic role, but it primarily affects the rate of overt pronouns (ella, el) rather than null pronouns. These results highlight the need to include semantic constraints in models of reference production for null-pronoun languages.



Introduction
Every time speakers refer, they have to decide how explicit to be, for example using a name (Spot) or a description (the dog), or an underspecified expression like a pronoun (he).  While all languages offer a wide range of choices, languages vary in the specific forms available. In English, it is common to use a name or description when first mentioning someone (Pamela washed her dog), and use a pronoun for later reference (Then she went to work). By contrast, in null subject languages, such as Spanish or Italian, speakers tend to use null expressions in contexts where English speakers would use pronouns (Pamela lavó su perro. Después Ø fue a trabajar / Pamela washed her dog. After Ø went to work), although they can also use overt pronouns like “ella” (she) (…. Después ella fue a trabajar). Our study investigates how speakers choose referential expressions in Spanish. In particular, we examine the effect of semantic role, which has not figured prominently in models of reference processing for null subject languages.
The participants in events can be described in terms of their semantic, or thematic role, such as agent, patient, goal, source, and other roles.  For example, in the transfer event in (1), Lady Mannerly is the source of the transfer, while Sir Barnes is the goal. Stevenson, Crawley, and Kleinman (1994) found that the structure of recent events creates expectations about who might be mentioned next, where characters in certain thematic roles are more likely to be mentioned than others. For example, following transfer verbs (as in example 1), people are more likely to continue talking about the goal (Sir Barnes in 1a; Lady Mannerly in 1b). 
(1a.) Lady Mannerly gave the painting of the two of them to Sir Barnes.
(1b). Lady Mannerly borrowed a picnic basket from the chef.
In addition, some thematic roles – particularly those associated with transfer verbs – influence speakers’ decisions about how to refer, where pronouns are also used more for goals than sources (Arnold, 2001; Rosa & Arnold, 2017; Zerkle & Arnold, 2019). For example, in a story-telling task, speakers were more likely to use a pronoun to refer to goal characters (e.g., Lady Mannerly in 1b), than source characters (e.g., Lady Mannerly in 1a). Here we ask whether the same effect arises in Spanish. This question is relevant to two more general theoretical questions about pronoun production.
Our first question is whether reference production can be explained by purely syntactic constraints. Despite evidence for a goal bias, several studies on pronoun production in English suggest that reference production is driven entirely by a subject bias, where pronouns are preferentially selected for reference to the subject, and names or descriptions are used for objects and obliques (Fukumura & van Gompel 2010; Kehler, Kertz, Rohde, & Elman, 2008; Kehler & Rohde, 2013; Rohde & Kehler, 2014; see also van Rij, van Rijn, & Hendricks, 2012 for a similar model in comprehension).  Support from this claim comes from several experiments in English in which the authors manipulate the predictability of the subject and nonsubject characters.  For example, in John amazed Bill, participants expect that John was the cause of the event, whereas John admired Bill produces the opposite causality judgment (Brown & Fish, 1983).  In this type of event, people tend to expect the implicit cause to be mentioned again, making it predictable. This predictability is associated with the thematic roles of the characters, where John is the stimulus in the amaze sentence, and Bill is the stimulus in the admire sentence. In both cases, the stimulus is the more expected referent, but several studies found that speakers have no preference to use pronouns more for the stimulus compared to the experiencer (Kehler & Rohde, 2013; Kehler et al., 2008; Kravtchenko, Modi, Demberg, Titov, & Pinkal, 2017; Rohde & Kehler, 2014). 
By contrast, to our knowledge there is no work testing whether semantic constraints affect reference production in null subject languages. We therefore instead turn to research on comprehension, which emphasizes the role of the syntactic context. One clear-cut example of this is Carminati’s Position of Antecedent Hypothesis (PAH), which proposes that in Italian (a null subject language), pronoun comprehension is driven by only syntactic position, where null pronouns are preferred for reference to subjects, and overt pronouns are preferred for a lower syntactic position (Carminati, 2002). Violating this bias leads to difficulty in processing for comprehenders, and referential status, morphological or lexical properties are irrelevant. 
Other comprehension research follows the broader principle that referential expressions are pragmatically constrained. Several models propose that reference form reflects the cognitive status of the referent, which has been described as accessibility, givenness, salience, or prominence (e.g. Ariel, 1990; 2001; Arnold, 2010; 2016; Chafe, 1976, 2004; Givón, 1983). Work on comprehension shows that more reduced forms (e.g., null pronouns) are appropriate for the most salient or accessible referents, whereas the more explicit forms are appropriate for reference to less accessible information (e.g., Ariel, 1990; Gundel et al., 1993); overt pronouns fall in the middle (Filiaci et al., 2013). 
While numerous factors could potentially guide salience/accessibility, one of the constraints that has received substantial support from experimental work on pronoun comprehension is the role of subjecthood. For example, Gelormini and Almor (2011, 2013; Gelormini, 2018) demonstrate that in Spanish, readers slow down when an overt pronoun is used to refer to the prior subject, compared to sentences with a null pronoun. They term this effect the Overt Pronoun Penalty (OPP), and they interpret this as evidence that referential forms are pragmatically specialized, such that the more explicit forms are more felicitous when they refer to entities that are less prominent in the context (for similar findings see Alonso-Ovalle, Fernández-Solera, Frazier, & Clifton, 2002; Filiaci, 2011). 
While this work focuses on comprehension, if the same factors affect production then we should expect that speakers should also follow a strategy of selecting null pronouns for subjects. On the other hand, recent work suggests that thematic roles also affect pronoun comprehension in Italian (Fedele & Kaiser, 2015), and that people have similar causality biases across multiple languages, including Spanish and Italian (Hartshorne, Sudo, & Uruwashi, 2013). This raises questions about whether semantic constraints also affect production.
Our second question is whether the same production model accounts for referential choices in all languages. Some previous work supports this idea. Several studies show that cross-linguistically, reference form choices tend to pattern with the information status of the referent: less-specified expressions, like pronouns or null reference, tend to be used for salient/accessible referents, while more explicit expressions tend to be used for less salient/accessible entities (e.g., Arnold, 1998 Gundel et al., 1993; Givon, 1983), which has led to theoretical proposals that referential forms are pragmatically specialized for cognitive status (Ariel, 1990; Gundel et al., 1993). While these proposals are not processing models of production per se, they have often been used to generate predictions for biases during language production. For example, as Arnold (2016) argues, a natural extension of these proposals would be to assume that during production, the cognitive status of the referent guides the selection of a referential form during production. A simple version of this model might propose that pronouns are selected when the referent is high in accessibility, while more explicit forms are selected when the referent is low in accessibility.
Yet other evidence suggests that this simple model would not work, because a single dimension of salience cannot account for referential choice in all languages. Kaiser & Trueswell (2008) demonstrated that Finnish has referential forms that follow different constraints, and moreover that they are influenced by more than salience level. Finnish is different from English in two ways that are relevant to referential form choice. First, it has two kinds of third person pronouns, one of which is gender neutral. Second, it has a flexible word order.  Although the standard word order remains SVO, all six combinations can be admissible. Kaiser and Trueswell found that the pronoun hän is used primarily in reference to subjects, regardless of word order. In contrast, the demonstrative tämä is most commonly used in reference to post-verbal referents, although this preference is also modulated by syntactic role. 
Of particular relevance to the current work, Filiaci et al. (2013) demonstrate that while null pronouns show a strong subject bias in both Spanish and Italian, overt pronouns are processed differently, where Italian overt pronouns are more strongly biased toward a non-subject referent than Spanish overt pronouns are. Thus, these results support a multi-dimensional approach, suggesting that different referential forms are constrained by different factors and at varying levels (Fedele & Kaiser, 2015; Filiaci et al., 2013; Kaiser & Trueswell, 2008). Different languages offer different types of referential forms, raising the possibility that different constraints apply cross-linguistically.
In sum, the current study tests whether thematic roles affect reference form in Spanish, which is relevant for shaping theories of reference production generally, given that some theories have either focused exclusively on structural constraints, or even explicitly claimed that thematic roles have no effect (e.g., Fukumura & van Gompel, 2010; Kehler et al., 2008; Kehler & Rohde, 2013; Rohde & Kehler, 2014). It is also relevant for understanding the extent to which reference form production is similar across languages. We test these questions by examining transfer verbs as in (2) in both written (Exp. 1) and spoken (Exp. 2) language.
2a.)	Lady Mannerly le regaló una pintura de ellos dos a Sir Barnes. 
(Lady Mannerly gave a painting of the two of them to Sir Barnes.)
2b) 	Sir Barnes recibió una pintura de ellos dos de Lady Mannerly.
(Sir Barnes received a painting of the two of them from Lady Mannerly.)
Here Lady Mannerly is the source of the transfer, and Sir Barnes is the goal.  We control for the grammatical function of the referent by manipulating the verb; in 2a the source is in subject position, and in 2b the goal is in subject position. In both cases the other human character is mentioned second; for ease of exposition we refer to this position as the nonsubject. 
Experimental approach
We examined reference form within a naturalistic narrative paradigm developed by Rosa & Arnold (2017) for English (stimuli available at https://jaapstimuli.web.unc.edu/). We involved participants in a role-playing game, where they were assigned the role of a tabloid photographer and instructed to describe the events occurring in a series of pictures. The pictures showcased a Clue-like murder mystery, and featured the same six participants throughout the study. There were three main male characters. (Sir Barnes, the chauffeur, and the butler), and three female (Lady Mannerly, the chef, and the maid; see Figure 1).

[image: icture copy]
Figure 1. Characters in the event-retelling paradigm (from left-to-right: The butler and the maid, Sir Barnes, the chef, Lady Mannerly, the chauffeur).
The aim of this paradigm was to engage participants and provide a rich discourse context, which was hypothesized to strengthen their representations of discourse status. Thus, participants saw a series of experimental items, consisting of a pair of pictures and a prompt. This maintained the item-level control that is typical of psycholinguistic experiments. However, an innovation of this task was that the items together told a story about a small set of characters for the purpose of establishing the kind of rich discourse context that is typical of natural language. For further motivation of this task see Rosa & Arnold (2017).
One potential concern for our study is the variability across dialects, given that overt pronouns are more common in some dialects or regions than others (Lipski, 2002; Otheguy, Zentella, & Livert, 2007; Pešková, 2013). Typically, varieties of Spanish that use more verbal inflection, such as Spanish from Spain and Mexico, produce overt subject pronouns at a less frequent rate than Caribbean dialects, for example (Lipski, 2002; Pešková, 2013). Moreover, it is unclear if the use of overt pronouns is controlled by the same semantic conditions in different Spanish dialects. Both of our studies include speakers from multiple geographic regions, so we also provide secondary analyses that examine only those participants who produced one or more overt pronoun.
Another challenge for our experiment was the issue of bilingualism. While the participants of our online experiment all resided in Spanish-speaking countries, participants in Experiment 2 generally resided in the United States, and thus many of them spoke English or another language. Previous research suggests that children who are learning a null-subject language (like Spanish or Italian) at the same time as an overt subject language (like English) often overuse overt pronouns (Serratrice, 2008).  Other research suggests that contact with English and generational differences among Spanish speakers living in the United States can lead to changes in Spanish pronoun production (Otheguy et al., 2007). In a related phenomenon, Basque-Spanish bilinguals were more likely to use null object pronouns than Spanish monolinguals (Sainzmaza-Lecanda & Schwenter, 2017). Since bilingualism is not the focus of the current study, we took steps to ensure that our participant samples were dominant Spanish speakers. In Experiment 2, we restricted our sample to only those people who had lived in a Spanish-speaking country until age 16, to ensure that all speakers were native speakers. Although the subjects in Experiment 2 likely also had extensive English exposure, the participants in Experiment 1 were all in Spanish-speaking countries at the time of their participation.
Experiment 1
Methods
Participants
78 individuals participated in a one-hour online Spanish experiment posted on Amazon Mechanical Turk. Three additional submissions were ignored because they came from the same IP address as another submission. Each individual received $1 for their participation. Participation was restricted to individuals with IP addresses from countries or territories with Spanish as the official language. IP addresses from 15 different countries were represented in the final data set[endnoteRef:1].   [1:  Argentina (4), Chile (2), Colombia (1), Costa Rica (2), Dominican Republic (1), Ecuador (1), El Salvador (1),  Guatemala (2), Mexico (7), Panama (1), Peru (2), Puerto Rico (4), Spain (8), Uruguay (1), and Venezuela (6). ] 

35 participants were excluded from analysis. Our first criterion was that participants needed to have at least 2 trials with reduced expressions (grouping null and overt pronouns together for this constraint), and at least 2 with name/descriptions. We know that there is individual variability in the tendency to use reduced forms in this paradigm (Zerkle & Arnold, 2017a, 2019), where some participants pick a single reference form and stick with it for the entire experiment. We therefore limited our analysis to only those participants who used at least 2 reduced expressions (either null or overt pronouns), which ensures that our sample includes adequate variation to test our hypotheses  (for a similar convention, see Buschkuehl, Hernandez-Garcia, Jaeggi, Bernard, & Jonides, 2014; Filmer, Mattingley, & Dux, 2015), We excluded 25 participants who used only name/descriptions on all critical trials, and 5 who used only one reduced form. 4 participants were excluded because fewer than 50% of their critical trials were usable (e.g., some participants re-wrote the prompt sentence, or produced ungrammatical or inappropriate responses). 1 participant from New York did not fit our eligibility criteria. 43 participants were included in the analysis, 22 from List A and 21 from List B. 
Materials and Design
In the main task, participants viewed pairs of picture, where the first picture was accompanied by a written sentence. They were instructed to read the first sentence of each pair and provide a written continuation that described what was occurring in the second image. They viewed two pictures like the ones shown in Figure 2 below.[image: A group of people in clothing
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Figure 2. Sample trial. 
The pictures together told a story about six characters (Sir Barnes, Lady Mannerly, the chef, the chauffeur, the butler, and the maid). There were 53 trials in total, 24 of which were critical trials. Critical trials had images depicting actions with two of the characters. Filler trials described events occurring between one to three characters. Participants were exposed to one of two lists, either List A or List B. In both lists, participants saw the same illustrations, but read one of two versions of the given sentence. Materials for this experiment are available at https://....
Each of the critical trials depicted a transfer event with a goal and source character. Half of these (n=12) showed the goal character doing something in the second picture, these were termed “goal continuation” items. The “source continuation” items (n=12) showed the source character doing something in the second picture. Thus, source vs. goal continuation was manipulated between items. Within each item we manipulated the form of the first sentence to determine whether the goal or source was in subject position; see Table 1.

Table 1. Example stimuli
Goal continuation example (picture 2 shows Sir Barnes throwing the painting in the closet)
Source-goal verb:
Lady Mannerly le regaló una pintura de ellos dos a Sir Barnes.
(Lady Mannerly gave a painting of the two of them to Sir Barnes.)
Goal-source verb: 
Sir Barnes recibió una pintura de ellos dos de Lady Mannerly.
(Sir Barnes received a painting of the two of them from Lady Mannerly.)

Source continuation example (picture 2 shows the butler lighting a fire)
Source-goal verb
El mayordomo le sirvió café a la criada.
	(The butler served coffee to the maid.)
Goal-source verb 
La criada aceptó un café del mayordomo.
(The maid accepted a coffee from the butler.)

Thus, there were four key conditions in the experiment: (1) goal, subject reference; (2) goal, nonsubject reference; (3) source, subject reference; and (4) source, nonsubject reference.  In half of each category, the two characters had the same gender, and in the other half they had different gender. This controls for the known tendency in English to use pronouns more often when the pronouns are unambiguous, in the different-gender condition. This resulted in a 2 (subject vs. nonsubject) x 2 (goal vs. source), x 2 (different vs. same-gendered characters) design. Thematic role and gender were manipulated between items, such that 6 of our 24 stimuli fell in each category (goal/same-gender; goal/different-gender; source/same-gender; source/different gender. Subjecthood was manipulated within item, such that there were two versions of each context sentence. The items were rotated across these two conditions and combined into two lists. In sum, each participant saw 3 items in each of the 8 conditions, for a total of 24 critical items. 
Our dependent variable measured the referential form used to refer to the target character in the participant’s continuation. We coded the first clause of each continuation, classifying the form of the grammatical subject in one of three categories: description/name [El mayordomo cantó / The butler sang], overt pronoun [él cantó / he sang], or null pronoun [Ø cantó / Ø sang]. Trials were considered unusable if the subject NP referred to the wrong referent (a referent other than the character mentioned first) or to multiple referents. We also excluded continuations with verbs like gustar (“to like”), in which the target was most naturally continued as the object of the verb instead of the subject[endnoteRef:2]. Responses were also excluded for using a who or which pronoun instead of a personal pronoun (ella (she) or él (he)), using quoted dialogue, or incomplete or missing responses.  [2:  If the speaker wishes to say “He likes it”, in Spanish the most natural translation is “Le gusta”, which takes a form more similar to “it pleases him”.] 

Procedure
Participants were directed to a Qualtrics survey and presented with a short introduction to their role as a tabloid photographer who had unknowingly witnessed a murder in a mansion. All aspects of the survey were in Spanish. Participants were presented with pairs of illustrations representing the pictures taken at the mansion and asked to reconstruct the story. The first illustration of each pair, which always had two characters in the image for critical items, was accompanied by a sentence describing the event. Participants were instructed to provide a written continuation for the second illustration of each pair, which contained only the target character.
Results
The primary aim of our research was to determine if semantic roles affect the use of referential form in Spanish language production. We therefore modeled our data in terms of three binary choices: 1) name or description vs. other; 2) overt pronoun vs. other; 3) null pronoun vs. other. Data was analyzed using multilevel logistic regressions with SAS proc glimmix, with centered predictors and maximal random effects. If the model estimated a slope to be zero, it was removed from the model and noted below the table reporting the model’s results. Although participants were included as long as 50% of their responses were usable, participants contributed on average 86% of their trials. The total number of items included in the final analysis was 886. All statistical results are provided in the Appendix, and the significance patterns are summarized in Table 2.
As shown in Figures 3 and 4, participants used null pronouns more often to refer to the subject than to the nonsubject characters, and conversely, used overt pronouns and descriptions more for the nonsubject than subject characters. This emerged as a main effect of subjecthood for all three dependent measures.
In addition, we saw a smaller effect of thematic role. This effect emerged most strongly for overt pronouns, which were more likely for reference to goals than sources in nonsubject position, but were highly infrequent overall for reference to subject characters.  This emerged as an interaction between subject and goal in the pronoun model. We used estimate statements to probe the effect of thematic role (goal minus source) for both subjects and objects, and confirmed that there was a significant goal effect for nonsubjects (β = 0.99 (SE = 0.41), t = 2.4, p = .02, but not for subjects (β = -0.85 (SE = 0.52), t = - 1.64, p = 0.11).  
There was also a three-way interaction in the name/description model.  Again we used estimates to probe the effect of thematic role for each of the other conditions (subject/same-gender; subject/different-gender; nonsubject/same; nonsubject/different). However, the goal effect was not significant in any of these conditions (|t|’s < 1.76; p’s > .09, suggesting that it had a limited effect on the production of names/descriptions in this experiment.
	Our gender manipulation (different vs. same) did not have a significant effect, but there was a marginal tendency to use more names in the same-gender condition, and more overt pronouns in the different-gender condition. These effects are in the predicted direction for a disambiguation strategy, since overt pronouns specify the gender of the referent. 


Figure 3. Experiment 1, overall pattern of responses

Table 2. Experiment 1 results: Summary of effects from three models
	
	Name/Description model
	Overt pronoun model
	Null pronoun model

	subject vs. nonsubject
	***
	**
	***

	goal vs. source
	
	
	

	different vs. same gender
	(*)
	(*)
	

	subject x goal
	
	*
	

	goal x gender
	
	
	

	subject x gender
	
	
	

	subject x goal x gender
	*
	
	


*** = p < .001
** = .001 < p < .01
* = .01 < p < .05
(*) = .05 < p < 0.1


Figure 4. Experiment 1: Average rate of using null and overt pronouns by subjecthood and thematic role.
Pronoun users vs. No-pronoun users
Out of our 43 participants, 15 (35%) used only name/description and null pronouns, while 28 used all three forms. The pronoun-user group had a higher overall rate of using reduced forms (34% nulls; 17% overt pronouns) than the no-pronoun group (31% nulls). Table 3 lists the number of participants by country who fell in each group. There are several countries (e.g., Spain and Mexico) with individuals who fall into both groups, suggesting that this variation is not entirely dialect-driven, and may be based on individual differences in how people respond to this task. This is consistent with the finding that English speakers also exhibit variability in whether they produce pronouns or continue the sentence with an elliptical form (e.g., …and threw the painting away; Zerkle & Arnold, 2017a).
Table 3.  Participants who used pronouns (or not) based on their location by country at time of participation.
	Pronoun users
	No-pronoun users


	Argentina
	3
	Argentina
	1

	Chile
	2
	Colombia
	1

	Costa Rica
	1
	Costa Rica
	1

	Dominican Republic
	1
	Ecuador
	1

	El Salvador
	1
	Guatemala
	1

	Guatemala
	1
	Mexico
	2

	Mexico
	6
	Puerto Rico
	2

	Panama
	1
	Spain
	6

	Peru
	3
	 
	 

	Puerto Rico
	2
	
	

	Spain
	2
	 
	 

	Venezuela
	5
	
	



We asked whether the thematic role effect occurred in both groups by analyzing each group separately. For these models, we excluded gender and its interactions, because these effects were either absent or marginal in the overall model. Results showed that the thematic role effect only emerged for the pronoun-user group. Their data looked very much like the data for the group overall, where they tended to use null pronouns more for subjects than nonsubjects, and pronouns more for subject/sources and nonsubject/goals. Models with only this subgroup critically showed the interaction between thematic role and subjecthood for pronoun production. This group also had an interaction between thematic role and subjecthood for null pronoun production, exhibiting the inverse effect: more nulls for subject goals than subject sources, and more nulls for nonsubject sources than subject goals.
On the other hand, the 15 no-pronoun subjects had a very strong subjecthood bias, where they produced null pronouns on 51% of the subject/goal trials; 52% of the subject/source trials; 8% of the nonsubject/goal trials, and 8% of the nonsubject/source trials.  Only the main effect of subjecthood was significant in this model.
Discussion
Experiment 1 revealed two main findings. First, grammatical function has a strong influence on reference form. As many models predict, speakers tend to avoid using explicit expressions (names/descriptions) when referring to a character last mentioned in grammatical subject position, and instead use reduced expressions (null or overt pronouns). For reference to nonsubjects we instead observed that overall names/descriptions were the most common choice. In addition, overt pronouns were relatively more likely for nonsubjects than subjects. 
Our second finding was that thematic role modulated reference form choice as well. This was a much smaller effect, and only emerged for overt pronouns when used to refer to nonsubject characters. Stevenson et al. (1994) suggested that speakers focus their attention on the endpoint of transfer events, i.e. on the goal. This predicts that goals would be considered more salient/accessible than sources, and should be realized with reduced forms. In Spanish, there speakers can choose either overt pronouns (somewhat reduced) or null pronouns (even more reduced). Our results showed that speakers do avoid the most explicit form for goals in Spanish, supporting the contribution of thematic role information in reference choices. However, this also raises questions about why it does not have a broader effect. 
However, in this experiment the effect was limited to only nonsubject references. This may be due to the fact that overt pronouns were rare in our sample, and were used mostly for nonsubject reference.  On the other hand, it is notable that overt pronouns were not the dominant response for nonsubjects – instead, names were. 
We did not observe more than a small, marginal effect of gender. In English, pronouns are more common when they are unambiguous, such as when the situation contains only one character that matches the pronoun’s gender (Arnold & Griffin, 2007; Rosa & Arnold, 2017).  In Spanish, gender is only encoded on overt pronouns, which also mark gender. Given that overt pronouns are relatively uncommon in our task, we are not in a good position to detect any effect of gender that may contribute to reference selection in Spanish.
We also saw variation amongst individuals, where some people were more likely to use pronouns than others. This is consistent with findings from English versions of this task, where there is great individual variation in the rate of producing pronouns. Zerkle & Arnold (2017a) found that some participants treated the task as a simple “describe the picture” task, ignoring the fact that their response formed part of the story. Those participants used only names/descriptions, and also had a much lower use of connector words (e.g., “and”, or “so”), which signal discourse connectivity. Other participants treated the task as a story, and produced both pronouns and connector words. Likewise, our no-pronoun group in the Spanish experiment used far fewer reduced expressions overall than the pronoun group, suggesting that they may have engaged with the story aspect of our task less than the pronoun-user group.
Thematic roles clearly affected pronoun use for the pronoun-user group, but had no effect for the no-pronoun group. The most likely explanation for this pattern is that thematic roles most strongly affect the use of overt, not null pronouns.  The no-pronoun group almost always used name/descriptions for nonsubjects, which is the condition where overt pronouns are most likely to occur for other participants. Without overt pronouns, we did not have the opportunity to observe a thematic role effect for these subjects. Alternatively, thematic roles may have a stronger effect in dialects where pronouns are more common, but this possibility is unmotivated and theoretically unlikely. Either way, these results suggest that thematic role affects overt pronouns more than other forms of reference in Spanish.
The most theoretically important finding in this experiment is that thematic roles can affect reference form in Spanish, albeit as a weak effect. This has implications for models of reference production both for Spanish particularly, and overall. Before we consider these implications, it is important to establish the robustness of this pattern of findings, particularly since the thematic role effect was small, and interacted with subjecthood. An additional question is whether thematic role effects can be attributed to production processes.  We tested both of these questions in Experiment 2, where participants performed a spoken version of our task.
Experiment 2
We extended our task to a spoken version for several reasons. First, this allows us to test whether thematic role effects are robust enough to emerge with a different population, and in a slightly different task. Second, experiments with live addressees permit stronger control over the experimental setting, in comparison with Amazon Mechanical Turk studies. Third, this allows us to ensure that participants are native speakers of Spanish, in that the experimenter could informally assess the fluency of participants in person.
By asking participants to respond verbally, we can also examine how performance across conditions relates to language production processing, specifically the time needed to plan a response. In our spoken task, we asked participants to read aloud the detective’s sentence, describing the first picture. They then used the second picture to guide their continuation of the story.  This is similar to Rosa and Arnold’s (2017) Experiment 1, except that in their experiment, an experimenter spoke the context sentence aloud. As a test of planning time, Rosa and Arnold measured the latency to begin speaking as the time between the end of the context sentence and the participant’s response.  They found that participants responded more quickly for trials in which they mentioned the goal, compared with the source (see also Zerkle & Arnold, 2015). Our goal here is to test whether the same effect occurs in Spanish. A secondary question is whether planning time correlates with reference form choice, although it does not for English (Rosa & Arnold, 2017; Zerkle & Arnold, 2017a, 2019; Zerkle & Arnold, 2015).
Methods
Participants
33 participants residing in the Chapel Hill and Durham areas participated in an in-person experiment. Participants were recruited through flyers, by email, and in person. 7 participants were excluded. 3 participants were excluded for technical and/or experimenter error: 1 received an incorrect version of the experiment, 1 participant's audio was not recorded, and 1 participant did not fit the eligibility criteria.  4 other participates were excluded on the basis of their responses: 1 participant used only names in their continuations, 1 participant referred to the target less than 50% of the time, 1 participant had more than 50% unusable responses, and 1 participant had difficulty reading while doing the task. 
Experiments took place either in an on-campus research lab or in a study room at Durham County Library, main branch.  Participants received $10 for completion of the hour-long experiment. Participants were individuals who grew up in a Spanish-speaking country, spoke Spanish as their first language, and came to the US at age 16 or later.  Our participants were originally from 7 different countries/territories[endnoteRef:3]. One participant grew up moving between Colombia and Argentina. Participants had been living in the United States anywhere from 0-21 years, and 19 individuals spoke at least one other language. All interactions with the participants, including participant recruitment, were conducted in Spanish to reduce English-language interference. [3:  Colombia/Argentina (1), Colombia (2), Guatemala (1), Mexico (13), Peru (1), Puerto Rico (5), and Venezuela (3)] 

Materials and Design
The introductory video was recorded by a native Spanish speaker who was from Mexico; this video informed participants of their role in the story. The same set of images was used as in Experiment 1 and participants were assigned to List A or List B on an alternating basis. As such, our independent variables were the same. Our stimuli were the same, except we replaced the names Sir Barnes and Lady Mannerly with the more generic terms El Duque (the Duke) and La Duquesa (The Duchess). As in Experiment 1, our dependent variable was the type of referential form produced to refer to the target character. 
Procedure	
Participants sat in front of a computer and were presented with a video describing the characters, the story background and their role as a tabloid photographer. Before starting the experimental phase, participants were given a sample trial and listened to a sample response. They were also fitted with a microphone to record their audio. Participants then saw a preview of the images presented in the experimental phase of the experiment. Each pair of images was shown on the screen for 5 seconds. Participants were then shown the same set of images as in Experiment 1. The first image had a sentence written below it; participants read this sentence and then continued the story based on the second panel. Both sentences were recorded through the headset. Participants continued the experiment at their own pace, and pressed the space bar when they were ready to continue on to the next trial.
As in Experiment 1, we excluded responses that referred to the wrong referent, and responses with verbs like “gustar” (to like). We included data from all participants who had at least one name/description, and at least one null or overt pronoun. We also excluded participants if fewer than 50% of their responses were usable.
Results
Reference form choice
In Experiment 2, we modeled our data in terms of the same binary choices as in Experiment 1: 1) name or description vs. other; 2) overt pronoun vs. other; 3) null pronoun vs. other. Again, we used multilevel logistic regressions with SAS proc glimmix with centered predictors and maximal random effects. 481 items were included in the final analysis. All statistical results are provided in the Appendix, and the significance patterns are summarized in Table 4.
As illustrated in figure 5, participants tended to use null pronouns more for subjects than nonsubjects, and names more for nonsubjects than subjects.  These patterns emerged as a main effect of subjecthood for both name and null pronoun dependent measures.  In addition, speakers tended to use more overt pronouns and fewer names for goals than sources, as reflected by a main effect of thematic role for the name and overt pronoun models. There was a marginal tendency to use overt pronouns more in different-gender contexts.


Figure 5. Experiment 2, overall pattern of responses
Table 4. Experiment 2 results: Summary of effects from three models
	
	Name model
	Overt pronoun model
	Null pronoun model

	subject vs. nonsubject
	***
	
	***

	goal vs. source
	*
	**
	

	[bookmark: OLE_LINK1]different vs. same gender
	
	(*)
	

	subject x goal
	
	
	

	goal x gender
	
	
	

	subject x gender
	
	
	

	subject x goal x gender
	
	
	


*** = p < .001
** = .001 < p < .01
* = .01 < p < .05
(*) = .05 < p < 0.1


Figure 6. Experiment 2: Average rate of using null and overt pronouns by subjecthood and thematic role. Overt pronouns were more frequent for goals than sources (See Table 3).
Pronoun users vs. No-pronoun users
Out of our 26 participants, 9 (35%) used only names/descriptions and null pronouns, while 17 used all three forms. Table 5 lists the number of participants by country of origin who fell in each group. As in Experiment 1, there were many countries with individuals in both groups. This overlap was more salient in Experiment 2 data, as demonstrated in Table 4.

Table 5.  Participants who used pronouns (or not) based on their country of origin. 
	Pronoun users
	No-pronoun users

	Colombia/Argentina
	1
	Colombia                    
	1

	Colombia
	1
	Peru                            
	1

	Guatemala
	1
	Guatemala
	1

	Mexico
	9
	Mexico                    
	4

	Puerto Rico
	2
	Venezuela
	1

	Venezuela
	2
	
	



We tested each subgroup separately, examining only main effects (subject continuation, goal continuation, and different gender), since the interactions were not significant in the full models. Unlike in Experiment 1, we found that the goal bias emerged for both subgroups.  For pronoun users, the thematic role effect only showed up for the use of pronouns, such that this group used significantly more pronouns for goals (37%) than sources (24%), and marginally fewer pronouns for subjects than nonsubjects. By contrast, their null pronoun and name/description production was only driven by a preference to use more null pronouns and fewer names for subjects vs. nonsubjects.  For the no-pronoun users, we found both main effects of subjecthood and thematic role, such that they used null pronouns more for goals (40%) vs. sources (24%), and more for subjects (61%) than nonsubjects (3%). Just like in Experiment 1, the pronoun-users had a higher overall rate of using reduced forms (30% nulls; 31% overt pronouns) than the no-pronoun group (32% nulls).
Latency
Our second question was whether reference form choice was related to the amount of time that participants spent preparing their response. To test this, we measured the time that elapsed between the moment when the participant finished speaking the first sentence and beginning of the first word in the second sentence.  On 14 trials, the participant clicked ahead to the stimulus trial while still speaking; on these trials we used the end of the previous trial response as the start of the latency measurement.  On 38 trials (out of 481), the participant produced connector words like “y” (and), and then paused before continuing the main response. In those cases, we included the pause in the total latency.  We excluded latencies that were over 2.5 standard deviations above the mean (n = 15).
The first question we asked was whether the goal or source responses were easier to plan, as measured by latency.  To assess this, we used log latency as our dependent measure, and modeled the same centered predictors as used for the reference form models[endnoteRef:4]. In addition, we included the duration of the detective sentence as a predictor.[endnoteRef:5] Participants read the detective sentence, which means that its duration varied from trial to trial. The amount of time spent reading could potentially have been used to pre-plan the response, thus leading to shorter latencies. In addition, the time spent reading the detective sentence varied across conditions (goal / subject: 3875 ms; goal / object: 3228 ms; source/ subject: 3125 ms; source/object: 3468 ms).  [4:  subject continuation; goal continuation, different gender, subject x goal; subject x different gender;]  [5:  Detective latency was included as a random slope only by participants.] 

As shown in Figure 7 (see also the Appendix, Table 12), the latency to respond was somewhat shorter for goal than source responses for the prepositional object continuations, but not for the subject continuations. This resulted in a marginal interaction between subject and goal continuation ( = 0.14 (.08), t = 1.9, p = .06); contrasts revealed a significant goal effect for nonsubjects (t = -2.29, p = .023) but not subjects (t = 0.02, p = .98).  No other effects or interactions were significant.

Figure 7. Average latency to respond in the four critical conditions. This graph shows latency in ms for readability; models used log latency. 
The second question we asked was whether latency predicted reference form, when added to the models. That is, are speakers more likely to produce null pronouns when sentence planning is easy? However, there was no such effect. We added latency to the reference form models, first eliminating any effects or interactions that were not significant or marginal in the original reference form model (but keeping detective latency as a control).  As shown in the Appendix, tables 13-15, there were no effects of either latency or the duration of the detective sentence.
Discussion
Experiment 2 replicated the two main findings of Experiment 1. First, null pronouns were produced more often for subjects than nonsubjects, and names/descriptions were preferred for nonsubjects over subjects. Remarkably, the rate of null pronoun use was highly consistent across our written and spoken experiments (Exp. 1: 56% for subjects; 8% for nonsubjects; Exp. 2: 61% for subjects; 2% for nonsubjects). 
Second, and of critical importance, thematic roles modulated reference form production. Moreover, the effect of thematic roles was stronger in Experiment 2 than in Experiment 1. Like in Experiment 1, the strongest effect was on the use of overt pronouns, but it emerged as a main effect instead of an interaction. That is, overt pronouns were more common for goals than sources overall, for both subjects and nonsubjects. In addition, there was a preference to use names for sources more than for goals. Finally, even the no-pronoun-user group had an effect of thematic role, which emerged for their production of null pronouns. Thus, in this experiment the effect of thematic roles was not limited to just the production of overt pronouns. 
Experiment 2, which was performed orally, also provided an opportunity to test whether thematic role effects are related to ease of planning, where latency is a metric of the time needed to plan a response. In an English version of this task, goal responses were faster to initiate than source responses (Rosa & Arnold, 2017).  We found only partial support for this pattern in Spanish, in that the latency to respond was faster for goals than sources, but only in the nonsubject condition. In addition, just as for English, we found that latency was unrelated to the choice of reference form.  Thus, the latency analysis argues against the hypothesis that production planning explains the thematic role effect.
General Discussion 
In two experiments, we examined whether reference production in Spanish can be explained purely as a function of the antecedent’s position (subject vs. nonsubject), or whether thematic roles also matter. We found that in both experiments, thematic role modulated reference form choices, in addition to the expected tendency to use null pronouns for subjects.  In both experiments, speakers used more overt pronouns for goals than sources; in Experiment 1 this emerged only for nonsubjects, but in Experiment 2 it was a main effect. 
Our findings are relevant to two theoretical questions. First, we asked whether reference production should be modelled on the basis of purely structural constraints. This idea has emerged in models of reference production in English (Fukumura & van Gompel, 2010; Kehler & Rohde, 2013; Rohde & Kehler, 2014). The importance of structural constraints might be inferred from evidence that they play a large role in the comprehension of null and overt pronouns in Romance Languages (Alonso-Ovalle et al., 2002; Carminati, 2002; de Carvalho Maia et al., 2017; Filiaci et al., 2013; Gelormini-Lezama et al., 2011, 2013; Gelormini-Lezama, 2018). Consistent with these claims, we also saw that subjecthood was a strong predictor of reference form.
Nevertheless, our findings also suggest that subjecthood alone does not provide a full explanation of reference production. Critically, we found that goal and source roles influence reference form in Spanish, as they do in English. This contrasts with claims that thematic role has no effect on pronoun production (Fukumura & van Gompel, 2010; Kehler et al., 2008; Kehler & Rohde, 2013; Rohde & Kehler, 2014). Notably, evidence against a role for thematic role mostly stems from work examining a different verb type, namely verbs with strong implicit causality biases, suggesting that there may be stronger thematic role effects with some verbs than others. On the other hand, studies with English consistently find that speakers use pronouns more for goals than sources (Arnold, 2001; Rosa & Arnold, 2017; Zerkle & Arnold (2018); Zerkle, Rosa, & Arnold, 2015), and even that implicit causality can also guide pronoun production in English (Weatherford & Arnold, 2021) and German (Bott & Solstad, under review). Thus, the current findings provide converging evidence for the idea that thematic roles can affect reference form. 
Our work also extends research on reference comprehension in Spanish, which has also focused on the influence of syntactic role on comprehension biases (Alonso-Ovalle et al., 2002; Carminati, 2002; de Carvalho Maia et al., 2017; Gelormini-Lezama & Almor, 2011, 2014; Gelormini, 2018). Syntactic role is assumed to reflect the salience/accessibility of entities in the discourse context, where the more highly ranked subject is more accessible than lower-ranked objects or obliques (e.g., Brennan, Friedman, & Pollard, 1987). Thus, this body of work approach is consistent with both psycholinguistic evidence that pronouns are used more for subjects than other entities (e.g., Arnold, 1998, 2001; Kehler et al., 2008; Rohde & Kehler, 2014, Stevenson et al., 1994) and with theories that more broadly claim that reduced expressions are preferred for more salient or accessible referents (e.g., Ariel, 1990; Chafe, 1976; Gundel et al., 1993). Our work extends this comprehension work to production, and demonstrates that subjecthood is also a key factor in choosing referential expressions in Spanish. However, syntactic role is not the only relevant factor, and thematic role also affects the selection of overt pronouns.
The second question that we asked was whether the same factors guide reference production cross-linguistically. Comprehension research suggests that different constraints may apply to different forms, based on work in Finnish (Kaiser & Trueswell, 2008) and Spanish/Italian (Filiaci et al., 2013). Our work supports this idea.  On the one hand, we found that the goal/source distinction affects reference form in both Spanish and English. But critically, the effect is different. In English, goal status increases the likelihood that the speaker will use a pronoun, on top of other constraints like subjecthood (Rosa & Arnold, 2017). This would be consistent with a salience model where both subjecthood and goal status increase the salience of the referent.
By contrast, in Spanish we found that the goal bias primarily affected overt pronoun production. This is surprising, because overt pronouns are otherwise used for the less salient option (i.e., nonsubjects). This pattern of results suggests that thematic role and grammatical function play different roles in Spanish. As for Finnish pronouns (Kaiser & Trueswell, 2008), the constraints for null and overt pronouns cannot be captured by a single factor like salience/accessibility (see also Filiaci et al., 2013; Fedele & Kaiser, 2015; Torregrossa, Bongart, & Tsimpli, 2015). Our data are mostly consistent with claims that subjecthood drives the use of null pronouns, which are primarily used for reference to the character last mentioned in subject position. On the other hand, the prominence of goals increases the use of overt pronouns, and decreases the use of names. In Experiment 2 this effect was consistent across all conditions, but in Experiment 1 it was only observed for nonsubject references.
However, our results also broadly suggest a high degree of similarity between reference production in Spanish and English. Speakers choose forms in both languages on the basis of grammatical function and thematic role. The difference between languages stems from the presence of two different reduced options in Spanish (overt and null pronouns), but just one in English (overt pronouns)[endnoteRef:6]. Generally the Spanish null pronoun functions similarly to the English overt pronoun, and both are preferred for talking about subject referents. However, while the goal bias affects pronouns in English, it instead primarily affects overt pronouns in Spanish.  [6:  English speakers can also indicate reference by using an elliptical, or VP-coordination structure (Sir Barnes received a painting from Lady Mannerly…. And chucked it in the closet).  This is not the same as null pronoun use, but because it is achieved by syntactic coordination, it also is most heavily influenced by grammatical function (Zerkle & Arnold, 2018).  ] 

Our results are also broadly consistent with findings from Russian. Kravtchenko (2014) found that the likelihood of omitting the subject in Russian was correlated with the contextual probability of the referent, controlling for discourse factors like previous mention in subject position.  Thematic role may contribute to contextual probability, in which case Russian provides an example of predictability affecting null reference, not just overt pronouns.
One might be concerned about the fact that our thematic role effect was not exactly the same across our two experiments. In Experiment 1, the difference between goal and source conditions was only significant for the nonsubject items, as indicated by contrasts in the model. In Experiment 2, the effect was more general. However, this difference should not be taken to indicate a difference in the underlying production mechanism. Reference production in experimental tasks exhibits extensive variation.  The use of explicit vs. reduced forms is sensitive to many factors that are not explicitly manipulated, such as whether the participants think that it is their job to tell a story, as opposed to simply describe the second picture in isolation.  Zerkle & Arnold (2017a) encountered extreme variation on this dimension. It was clear that some participants paid more attention to the context.  Those “context-users” were also more likely to produce connector words, and their eye movements suggested that they used a different timecourse of planning the utterance than those participants who never used any pronouns.  It is possible that the spoken task in Experiment 2 encouraged participants to use more reduced forms overall, or more referential form variation.  In Experiment 1, the rate of overt pronoun production was quite low (6% for subject references, 16% for nonsubject references), which limits our ability to detect systematic variation, especially in the subject-reference condition. By contrast, overt pronoun use was higher in Experiment 2 (13% for subject references, 25% for nonsubject references), and we observed the thematic role effect in both conditions.
	Another potential concern about our findings is that our participants came from a variety of geographical areas, and may have spoken different dialects of Spanish. Some participants never used overt pronouns. This variation was not aligned with country of origin, but it could potentially reflect variation in dialect zones within each country. Indeed, the rate of overt pronouns is known to vary by dialect (Lipski, 2002; Otheguy et al., 2007; Pešková, 2013).  However, it is not clear that dialect variation can explain individual variation in our study either. Participants who provided more form variation overall were those who used overt pronouns. In addition, the majority of participants in both experiments produced all three forms, suggesting extensive overlap in the referential system used for all our participants. 
The next question is why thematic roles matter. Many scholars have pointed out that some thematic roles are more likely to be mentioned than others, and therefore those references are more predictable (e.g., Arnold, 2001; Guan & Arnold, 2021; Kehler & Rohde, 2013; Stevenson et al., 1994). This predictability consistently affects pronoun comprehension in both English (Kehler et al., 2008; Rohde & Kehler, 2014; Stevenson et al., 1994), and in null-pronoun languages like Italian (Kaiser & Fedele, 2015). But it is not clear why predictability should affect production. Speakers do not need to predict their own productions, because they are in control of them. Instead, speakers plan what they will say. This suggests that instead, the goal bias may be explained by something that is associated with predictability.
Here we asked whether the effect could be explained by planning effects. Perhaps goal continuations are easier to plan, and perhaps easier planning facilitates the selection of null and pronominal forms. To test this question, we examined latency. However, there was little evidence that goal continuations were easier to plan: responses were faster for goals than sources, but only for nonsubjects.  More importantly, we found no evidence that latency predicted reference form (similar to results for English, Rosa & Arnold, 2017; Zerkle & Arnold 2019). In sum, planning does not offer a natural explanation for the thematic role effect.
Instead, we speculate that thematic roles contribute to the speaker’s representation of story events. When the goal character is continued, it provides a predictable continuation to the story. This may result in stronger connections between events in the speaker’s mental representation, and support the discourse constraints for using reduced forms (see Arnold & Nozari, 2017, for a similar effect). However, it is unclear why predictability has a less consistent effect for stories using implicit causality verbs, e.g. The cook annoyed the butler because….. One possibility is that these verbs require a temporal reversal to discuss the event’s causes, which may decrease representations of event connection. Further work is needed to understand why thematic roles modulate reference form.
The contribution of the current paper is to provide a systematic experimental test of the conditions under which Spanish speakers use null pronouns, overt pronouns, and names. While many studies only compare null vs. overt pronouns (e.g., Filiaci, et al., 2013), our study examines reference production as a contrast between three levels of referential explicitness. We demonstrate effects of both subjecthood and thematic role, in parallel with English. At the same time, we find that each effect applies to different reference forms in Spanish, suggesting that different constraints apply in each language. Most critically, our findings argue for a model of reference production that includes more than just subjecthood as an explanation for why people use pronouns.
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Appendix 
Experiment 1 Models 
Table 6. Experiment 1: Name/description rate model
	Effect
	Estimate (Standard Error)
	t Value
	Pr > |t|

	subject continuation
	-2.30 (0.28)
	-8.08
	<.0001

	goal continuation
	-0.25 (0.31)
	-0.79

	0.44


	different gender (vs. same gender)
	-0.56 (0.31)
	-1.81

	0.09

	subject*goal 
	0.51 (0.44)

	1.16

	0.26


	goal*same gender

	-0.85 (0.62)

	-1.37

	0.19


	subject*same gender
	-0.11 (0.43)
	-0.25
	0.80


	subject*goal*same gender 
	       -1.94 (0.87)
	-2.24

	0.04



* The random slope for different gender by participant was estimated to be zero by the model and therefore excluded.

Table 7. Experiment 1: Overt pronoun rate model
	Effect
	Estimate 
(Standard Error)
	t Value
	Pr > |t|

	subject continuation
	-1.12 (0.30)
	-3.79

	0.0014


	goal continuation
	0.06 (0.37)

	0.17

	0.86


	different gender (vs. same gender)
	0.70 (0.35)
	2.0

	0.06


	subject*goal 
	-1.85 (0.58)
 
	-3.2

	0.0038


	goal*same gender 
	0.22 (0.70)

	0.32

	0.75


	subject*same gender 
	0.07 (0.57)

	0.13

	0.90


	subject*goal*same gender 
	0.63 (1.15)
	0.55

	0.59



* The random slope for different gender by participant was estimated to be zero by the model and therefore excluded.


Table 8. Experiment 1: Null pronoun rate model
	Effect
	Estimate 
(Standard Error)
	t Value
	Pr > |t|

	subject continuation
	3.37 (0.39)
	8.66

	<.0001


	goal continuation
	-0.21 (0.31)

	-0.67

	0.51


	different gender (vs. same gender)
	0.20 (0.31)

	0.65

	0.53


	subject*goal 
	1.06 (0.64)

	1.64

	0.12


	goal*same gender 
	0.79 (0.63)

	1.26

	0.22


	subject*same gender 
	-0.07 (0.64)

	-0.12

	0.91


	subject*goal*same gender 
	1.24 (1.28)

	0.97

	0.34



* The random slopes for different gender and goal continuation by participant were estimated to be zero by the model and therefore excluded.


Experiment 2 Models 
Table 9. Experiment 2: Name/description rate model
	Effect
	Estimate 
(Standard Error)
	t Value
	Pr > |t|

	subject continuation
	-3.11  (0.4)

	-7.82
	<.0001

	goal continuation
	-1.18  (0.43)
	-2.78
	 0.01

	different gender (vs. same gender)
	-0.67  (0.42)
	-1.61
	0.13

	subject*goal 
	-0.4  (0.64)
	-0.62
	0.54

	goal*different gender

	1.44  (0.84)
	1.72
	0.10

	subject*different gender 
	0.25 (0.63)
	0.4
	0.69

	subject*goal*different gender 
	0.06 (1.25)
	0.05

	0.96


* subject continuation was a random slope by both participants and items; all other random slopes estimated to be zero by the model



Table 10. Experiment 2: Overt pronoun rate model
	Effect
	Estimate 
(Standard Error)
	t Value
	Pr > |t|

	subject continuation
	-0.75 (0.48)

	-1.57
	0.133

	goal continuation
	1.01 (0.35)

	2.9
	0.009

	different gender 
	0.66 (0.34)

	1.93
	0.07

	subject*goal 
	-0.41 (0.83)

	-0.49
	0.63

	goal*different gender

	-1.17 (0.69)
	-1.7
	0.107

	subject*different gender 
	-0.54 (0.82)
	-0.66
	0.519

	subject*goal*different gender 
	1.11 (1.65)
	0.67
	0.508


* subject continuation was a random slope by both participants and items; all other random slopes estimated to be zero by the model


Table 11. Experiment 2: Null pronoun rate model
	Effect
	Estimate 
(Standard Error)
	t Value
	Pr > |t|

	subject continuation
	4.58 (0.63)

	7.25
	<.0001

	goal continuation
	0.03 (0.6)
	0.05
	0.96

	different gender (vs. same gender)
	0 (0.59)
	-0.01
	0.99

	subject*goal 
	1.03 (1.08)
	0.96
	0.34

	goal*different gender

	0.14 (1.16)
	0.12
	0.90

	subject*different gender 
	0.51 (1.08)
	0.47
	0.64

	subject*goal*different gender 
	-1.69 (2.15)
	-0.79
	0.44



* maximal random slopes included



Table 12. Experiment 2 Latency model: how do experimental conditions affect latency to respond?
	Effect
	Estimate 
(Standard Error)
	t Value
	Pr > |t|

	subject continuation
	-0.036 (0.04)

	-0.97
	0.35

	goal continuation
	-0.071 (0.05)
	-1.42
	0.17

	different gender continuation
	0.024 (0.05)
	0.46
	0.65

	subject*goal continuation
	0.14 (0.07)
	1.9
	0.06

	subject* different gender continuation
	0.017 (0.07)
	0.23
	0.82

	subject*goal*different gender continuation
	-0.08 (0.14)
	-0.54
	0.59

	detective latency
	0.000012
(0.000011)
	1.12
	0.27


* maximal random effects included


Table 13. Experiment 2 Model for name/description responses, including latency as a predictor
	Effect
	Estimate 
(Standard Error)
	t Value
	Pr > |t|

	subject continuation
	-3.18  (0.38)

	-8.45
	<.0001

	goal continuation
	     -1.18 (0.47) 
	-2.51
	0.02

	Latency
	0.0001 (0.0001)
	0.77
	0.44

	detective sentence duration
	0.0001 (0.0001)

	1.18
	0.24


* Subject continuation was a random slope by both participants and items; all other slopes estimated to be zero by the model



Table 14. Experiment 2 Model for null pronoun responses, including latency as a predictor 
	Effect
	Estimate 
(Standard Error)
	t Value
	Pr > |t|

	subject continuation
	4.74 (0.63)

	7.47
	<.0001

	goal continuation
	0.48 (0.44)
	1.11
	0.2833

	latency
	0.00003 (0.0001)

	0.23
	0.8181

	detective sentence duration
	-0.00003  (0.00009)
	-0.33
	0.743


*Subject continuation was a random slope by both participants and items; goal continuation was a random slope by participants; all other slopes estimated to be zero by the model


Table 15. Experiment 2 Model for overt pronoun responses, including latency as a predictor
	Effect
	Estimate 
(Standard Error)
	t Value
	Pr > |t|

	subject continuation
	-0.82 (0.44)

	-1.86
	0.08

	goal continuation
	0.81 (0.37)
	2.21
	0.04

	latency
	-0.00015 (0.000157)
	-0.93
	0.35

	detective sentence duration
	-0.00009 (0.000162)
	-0.58
	0.56


* Subject continuation was a random slope by both participants and items; all other slopes estimated to be zero by the model

Notes
Same Gender
goal	source	goal	source	subj	nonsubj	0.630252100840336	0.43518518518518501	5.4054054054054099E-2	8.5714285714285701E-2	goal	source	goal	source	subj	nonsubj	3.3613445378151301E-2	5.5555555555555497E-2	0.162162162162162	7.6190476190476197E-2	goal	source	goal	source	subj	nonsubj	0.33613445378151302	0.50925925925925897	0.78378378378378399	0.838095238095238	
% reference form


Different Gender
Average of null pronoun	goal	source	goal	source	subj	nonsubj	0.55963302752293598	0.621848739495798	5.8823529411764698E-2	0.106194690265487	Average of overt pronoun	goal	source	goal	source	subj	nonsubj	4.5871559633027498E-2	0.126050420168067	0.27450980392156898	0.14159292035398199	Average of name/description	goal	source	goal	source	subj	nonsubj	0.394495412844037	0.252100840336134	0.66666666666666696	0.75221238938053103	% reference form

Rate of Null Pronoun Production
goal	source	goal	source	subj	nonsubj	0.6	0.53	0.06	9.6330275229357804E-2	% reference form

Rate of Overt Pronoun Production
goal	source	goal	source	subj	nonsubj	3.94736842105263E-2	9.2511013215859E-2	0.215962441314554	0.11009174311926601	% reference form

Same Gender
Average of null pronoun	goal	source	goal	source	subj	nonsubj	0.66666666666666674	0.46666666666666673	1.282051282051282E-2	5.5555555555555552E-2	Average of overt pronoun	goal	source	goal	source	subj	nonsubj	0.16666666666666669	6.6666666666666666E-2	0.30128205128205132	8.3333333333333329E-2	Average of name/description	goal	source	goal	source	subj	nonsubj	0.16666666666666666	0.46666666666666673	0.6858974358974359	0.86111111111111116	% reference form

Different Gender
null pronoun	goal	source	goal	source	subj	nonsubj	0.6633986928104576	0.55102040816326525	1.282051282051282E-2	3.6666666666666667E-2	overt pronoun	goal	source	goal	source	subj	nonsubj	0.1699346405228758	9.5238095238095247E-2	0.31089743589743585	0.18999999999999997	name/description	goal	source	goal	source	subj	nonsubj	0.16666666666666666	0.3537414965986394	0.67628205128205132	0.77333333333333332	% reference form

Rate of Null Pronoun Production
Average of null pronoun	goal	source	goal	source	subject	nonsubject	0.66339869281045805	0.55102040816326503	1.2820512820512799E-2	3.6666666666666702E-2	% reference form

Rate of Overt Pronoun Production
Average of overt pronoun	goal	source	goal	source	subject	nonsubject	0.16993464052287599	9.5238095238095205E-2	0.31089743589743601	0.19	% reference form

subj	goal	source	2015.9035087719301	1981.4695652173909	nonsubj	goal	source	1763.5079365079359	2292.4414414414409	latency (ms)
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Given sentence: Participant Continuation:

El mayordomo agarro el abrigo de piel a la criada. Y le vi6 la etiqueta al abrigo.
(The butler grabbed the fur coat from the maid) (And [he] read the tag on the coat)
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