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Coreference and antecedent frequency effects 
in Spanish: An eye-tracking study1

Nerea Egusquiza, Kepa Erdozia, Adam Zawiszewski

Abstract

In this paper, we explore the nature of the antecedent representations involved during 
anaphoric pronoun resolution in Spanish. We assume a serial, anaphoric lexical access account 
derived from the speech production model of Jescheniak and Levelt (1994); Levelt et al. (1999) 
and use word-frequency effects in order to investigate whether antecedent representations vary 
across languages during coreference resolution by testing Spanish native speakers and comparing 
our results to those obtained previously in English and German. We report and discuss the results 
from an eye-tracking while reading experiment in light of the current hypotheses.

Background

Sentence comprehension requires immediate access to the mental lexicon, where conceptual, 
grammatical and lexical information is stored. We say that speakers understand a sentence, a text 
or a discourse when they have an accurate mental representation of it. Needless to say, the longer 
the text or the speech, the more likely will be to find expressions referring to previous entities in 
the discourse. Anaphoric pronouns belong to this class of referential expressions which depend on 
the lexical properties of their referent or antecedent for interpretation. Evidence from agreement 
studies in Spanish, Italian, French and German shows that anaphoric pronoun resolution involves 
retrieving grammatical gender information from its antecedent representation in memory (Garnham 
et al., 1995; Di Domenico and De Vicenzi, 1995; Cacciari et al., 1997; Irmen and Knoll, 1999; 
Arnold et al., 2000; Rigalleau et al., 2004; Hammer et al., 2007). Nevertheless, as suggested by 
Meyer and Bock (1999), antecedent representations could, in principle, differ qualitatively across 
languages based on the kind of information needed to mediate coreference. It might be the case that 
in languages like English, for instance, discourse/conceptual information will suffice to interpret 
anaphoric pronouns (Hankamer and Sag, 1976; Sag and Hankamer, 1984; Cloitrew and Bever, 
1988; Lucas et al., 1990). Hence, it is unclear what kind of antecedent representation is retrieved 
during anaphoric pronoun resolution and whether it is language specific or not.

1  We acknowledge funding by the Basque Government (IT1169-19 (2019-2021); BFI-2012-219), MINECO (FFI2015
-64183-P) and MICINN (PGC2018-097970-B-I00).
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Here, we adopt a serial, two-stage, activation-based, lexical access model derived from the 
speech production model of Jescheniak and Levelt (1994); Levelt et al. (1999), which suggests 
that lexical entries store information at two separate levels: grammatical and semantic information 
at the lemma level and orthographic and phonological information at the lexeme level. Evidence 
for a separate access to each informational layer during processing comes from a translation 
latency task where Jescheniak and Levelt (1994) found that homophones (words that only share 
the lexeme) inherited the lexical frequency of their control pairs –a word frequency effect which 
suggests that the locus of the effect lies at the lexeme level (see also Laubstein, 1999, Laubstein, 
2002; for a dissenting view, see Bonin and Fayol, 2002; Finocchiaro and Caramazza, 2006; 
Navarrete et al., 2006).

In order to investigate what kind of antecedent representation is retrieved during pronoun 
processing in Spanish, we use the word-frequency effect, which is one of the most robust 
phenomena in experimental psycholinguistics. It refers to the fact that frequently used words are 
processed faster and more accurately than infrequent ones. High-frequency words yield faster 
responses in reading (Rayner and Duffy, 1986), lexical decision (Schilling et  al., 1998) and 
picture naming tasks (Oldfield and Wingfield, 1965; Almeida et  al., 2007). Furthermore, data 
from brain damaged patients suggest that high-frequency words are preserved more often than 
low-frequency words (Dell, 1990; Colangelo et al., 2004; Knobel et al., 2008) and that speakers 
experience less tip-of-the-tongue states with high-frequency words (Brown, 2012; Gianico, 2010; 
Vitevitch and Sommers, 2003). Although all these observations suggest a processing advantage 
for high-frequency words compared to low-frequency words during lexical access, it remains 
an open question whether anaphoric pronoun resolution depends on the lexical frequency of the 
antecedent.

Hypotheses

In order to account for the results found in previous literature, three hypotheses have been 
proposed: the full re-access account, the lemma re-access hypothesis and the saliency account.

The full reaccess account states that pronoun comprehension is similar to lexical access for 
non-anaphoric words: readers will retrieve the same information from the antecedent as when 
they first accessed to it. Hence, it predicts that the lexical frequency of the antecedent should be 
transferred to the anaphoric pronoun. This effect has been observed in language production tasks. 
Navarrete et  al. (2006), for instance, reported faster naming latencies for sentences containing 
a pronoun with a high-frequency antecedent noun than with a low-frequency antecedent noun. 
Similarly, participants tested by Finocchiaro and Caramazza (2006) elicited faster pronominal 
clitic production latencies when the replaced noun was highly frequent.

The lemma-reaccess account, however, assumes that pronoun processing differs from non-
anaphoric lexical access in that there is only partial re-access to the antecedent representation in 
memory; more specifically, to its lemma, where grammatical and semantic information is stored 
(Simner and Smyth, 1998). Based on evidence from speech production showing that the word 
frequency effect lies at the lexeme (Jescheniak and Levelt, 1994), the lemma reaccess account 
predicts that pronouns referring to low-frequency nouns should not be harder or easier to process 
than those linked to high-frequency nouns (Simner and Smyth, 1999). In a series of experiments 
carried out by Simner and Smyth (1999), participants read English sentences containing a pronoun 
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whose antecedent had been previously presented in picture form. The lexical frequency of the 
depicted noun was either high or low. Simner and Smyth found that reading times for sentences 
containing a pronoun were unaffected by the lexical frequency of the antecedent. Further evidence 
supporting this account comes from Lago (2014), where she manipulated the lexical frequency of 
English common and proper noun antecedents in two eye-tracking experiments and concluded that 
low-frequency antecedents had no additional cost compared to high-frequency antecedents during 
pronoun resolution.

The saliency account challenges any null antecedent frequency effect. Van Gompel and 
Majid (2004), for instance, ran an eye-tracking study in which participants read sentence pairs 
in English containing a pronoun referring to a high or low-frequency antecedent. Pronouns 
with low-frequency antecedents elicited shorter reading times at the post-anaphoric region in 
first-fixation, first-pass and total reading times measures. The authors explained their reverse 
word-frequency effect in terms of saliency (Pynte and Colonna, 2000): infrequent words tend 
to have rather unusual —salient— features and their processing is thus more costly compared 
to that of high-frequency words, as evidenced by the word-frequency effect in nouns. The 
investment of additional attentional resources on infrequent words increases their probability 
of being better encoded in long-term memory (Garnham et al., 1996; Malmberg and Nelson, 
2003; Foraker and McElree, 2007) and, consequently, low-frequency words are recognized 
more quickly than high-frequency words (O’Brien and Myers, 1985; Glanzer and Adams, 
1990; Shiffrin and Steyvers, 1997; Garnham, 2001; Malmberg and Nelson, 2003; Nicol and 
Swinney, 2003). The saliency account predicts that word saliency determines faster processing 
when pronouns refer to low-frequency antecedent nouns. Further evidence supporting this 
account comes from the EEG study in Heine et al. (2006b), where pronouns referring to high-
frequency antecedents elicited a larger P300 component than those referring to low-frequency 
antecedents in German, suggesting a higher processing cost for the former (see also Heine 
et al., 2006a).

The three accounts described above make different predictions. The full reaccess account 
predicts the same effects in nouns as in pronouns, i.e. faster reaction times with pronouns referring 
to high-frequency words than with pronouns referring to low-frequency words. The lemma-
reaccess account predicts no frequency effects, whereas the saliency account predicts a reverse 
frequency effect, with faster processing for pronouns referring to low-frequency words.

Exploratory research

Previously, in Egusquiza et  al. (2016), we reported two self-paced reading tasks showing 
that pronoun resolution in Spanish was affected by the syntactic role of the antecedent noun, but 
unaffected by its lexical frequency, in support of the lemma-reaccess account. The reliability 
of our results was evidenced by the fact that the frequency manipulation was strong enough to 
replicate the word-frequency effect in the antecedent regions as well as in the control conditions. 
Nevertheless, the self-paced reading method might not have been sensitive enough to detect any 
antecedent frequency effects during pronoun processing. Therefore, in the present study, we opted 
for eye-tracking, a methodology with a higher temporal resolution and which makes reading more 
natural than self-paced.
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The present study

The aim of the present study is to examine the nature of the antecedent representations 
involved during anaphoric pronoun resolution in Spanish by manipulating the word frequency of 
the antecedent noun in an eye-tracking experiment. Two factors were crossed: lexical frequency of 
the antecedent (high vs. low) and anaphor type (pronoun vs. repeated noun). Repeated noun refers 
to the noun phrase control condition where the antecedent was repeated in order to pre-empt a null 
frequency effect across conditions. Based on Rayner et al. (1995), frequency effects should persist 
at repeated noun phrases. We considered three hypotheses in our study: (i) faster reding times 
for pronouns referring to high-frequency antecedents (full reaccess account); (ii) no antecedent 
frequency effects for pronouns (lemma-reaccess account); (iii) faster processing for pronouns 
referring to low-frequency words (saliency account).

The eye-tracking experiment

The underlying initial assumption in eye-tracking studies is that eye movements are strongly 
linked to cognitive processing (Just and Carpenter, 1980; cf. Anderson et al., 2004). Reading times 
are interpreted as an index of language processing effort; with longer reading times (and more 
fixations) revealing processing difficulty compared to faster reading times (and less fixations), 
much as in self-paced reading tasks. Eye-movement data, however, offer a more detailed map of 
what happens during online sentence comprehension. Regressions (i.e. re-reading earlier parts of 
a text), for instance, cannot be captured in self-paced reading tasks and are interpreted as a sign 
of language processing difficulty at the discourse/semantic integration levels. Despite its higher 
temporal resolution compared to self-paced reading, eye-tracking while reading shows higher 
data loss rates due to word skipping and blinking (Rayner et al., 2011), among other factors. The 
method provides highly accurate information about where readers look, for how long they gaze 
and how many eye fixations they make in a region.

Method

Participants

A set of twenty-two native speakers of Spanish (twelve women), ages 18-24 (SD = 1.96), who 
had not participated in Egusquiza et al. (2016), were recruited from the University of the Basque 
Country (Vitoria-Gasteiz campus). All participants had normal or corrected-to-normal vision. Two 
of them were excluded from further analysis because their data accuracy was below 70%.

Materials and Design

The materials were adapted from those used in Experiment 2 in Egusquiza et  al. (2016). 
Two factors were crossed: frequency of the antecedent noun (high vs. Low) and anaphor type 
(repeated noun vs. pronoun). 160 sentence pairs were distributed in four lists (10 items per 
condition per list) so that each participant read only one version of the same item. 80 filler 
sentences were randomly intermixed with the experimental sentence pairs of each list and 40 yes/
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no comprehension questions (half of them about the experimental sentences) were included. Both 
filler and experimental sentences shared a similar structure and length.

Our materials differed from Experiment 2 (Egusquiza et al., 2016) in two aspects: (i) a three-
word spillover region was included after the post-anaphoric one to capture any wrap-up, sentence-
final effect; (ii) an additional discourse entity was inserted in the prepositional phrase following 
the verb in order to improve the naturalness of the materials in the repeated noun conditions. It 
mismatched in gender with the first element in the prepositional phrase (the retrieval target.) The 
subject was feminine and singular across conditions, omitted in the second sentence of each pair 
and it always mismatched the retrieval target in gender. Table 1 contains a sample of our materials.

Table 1

Sample of the materials used in the eye-tracking experiment
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The discourse entities were taken from Es-Pal Spanish Lexical database (Duchon et  al., 
2013), and pairs in the conjoined prepositional phrase were matched for relative frequency within 
each item to keep the prepositional-phrase saliency level constant. The Es-Pal Spanish Lexical 
database showed that the frequency type of the high-frequency antecedents (mean: 93.06 per 
million words, range: 18.25-912.26) was much higher than that of the low-frequency antecedents 
(mean: 3.10 per million words, range: 0.08-5.83).

Norming study. We ran a norming study where sixteen native speakers of Spanish judged the 
acceptability of our materials on a 7-point Likert scale, where 7 meant perfectly acceptable and 1 
was completely unacceptable. Each participant read ten experimental sentences intermixed with 
thirty fillers. None of them took part in the following eye-tracking experiment. Target sentences 
with a rate higher than 3.5 were considered for the follow-up experiment. None of them had to be 
excluded. The mean score value for the four lists was 5.58 (range: 5.15-6.09).

Procedure

The experiment involved an eye-tracking reading task. Participants were tested individually 
in a dimed-light, sound-proof booth, and eye-movements were recorded using a remote 
Tobii X120 Eye Tracker interfaced with a PC. The sampling rate for recordings was 120 Hz. The 
maximum gaze angle was 36 degrees and viewing was binocular. Participants were seated 67 cm 
from a 19-inch LCD screen. The forty experimental sentence pairs were randomly intermixed 
with the eighty fillers and displayed on a single line in 13.5 pt. fixed width Arial white font 
on a black screen. Each participant was randomly assigned one of the four lists of stimuli. The 
experiment was implemented using the Tobii Studio 3.2 software. A calibration check was run at 
the beginning of each individual session. Previous to the task, participants were instructed to read 
carefully at their normal rate and completed a short practice session with 5 sentence pairs and their 
corresponding yes/no comprehension questions. A fixation cross on the left edge of the computer 
screen was displayed for 800 milliseconds before each item. The position of the fixation cross 
coincided with the beginning of every sentence to prevent participants from random looking and 
to make sure that the starting point of every sentence was the same for all conditions and items. 
Forty yes/no comprehension questions were included to ensure participants were attending to the 
stimuli. The entire experimental session lasted approximately 45 minutes and six optional breaks 
were included along the task. All participants had at least one break.

Analysis

Only subjects whose data accuracy was 70% or above were taken into consideration for 
further analysis. Two subjects did not meet this criterion and thus, were excluded. Skips of a 
region in any particular measure were treated as missing data points. Following Van Gompel 
and Majid (2004), three regions of analysis were delimited: the antecedent region, the anaphor 
region and the post-anaphor region. The antecedent region was the first prepositional phrase in 
the conjoined object position (e.g. a un ministro ‘to a minister’). The anaphor region was the 
prepositional phrase immediately after the verb in the second sentence (e.g. contra el ministro/
contra él ‘against the minister/against him’). The post-anaphor region consisted of the three-word 
prepositional phrase after the anaphor region. We report three eye-tracking measures: first-fixation 
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duration, fixation duration and total fixation duration. First-fixation duration is the duration of the 
reader’s first fixation in a region. Fixation duration corresponds to the sum of all fixations on a 
critical region before the reader leaves it for the first time (only first-pass reading is taken into 
account; no regressions). Total fixation duration is the sum of all fixation durations in a region 
(possible regressions included). During the recordings, Tobii Studio 3.2 software’s IV-T Fixation 
Filter (Olsen, 2012) was set on: adjacent fixations were automatically merged provided the 
fixation was shorter than 75 ms (see Salojärvi et al., 2005) and the maximum angle between both 
fixations was 0.5 degrees - to filter out micro-saccades (Komogortsev et al., 2010), which usually 
have an amplitude of 0.5 or less (Yarbus, 1967). Fixations shorter than 120 ms or longer than 
890 ms were deleted (for similar approaches, see Drieghe et  al., 2010; Folk and Morris, 2003; 
Johnson et al., 2007; Lowder et al., 2013; Rayner et al., 2010; Van Gompel and Majid, 2004). 
The remaining data points that exceeded a threshold of 2.5 standard deviations from the mean by 
region and condition were excluded from further analysis (Ratcliff, 1993). This process affected 
1.6% of the data in first-fixation duration, 2.99% in fixation duration and 1.84% in total fixation 
duration. Two ANOVAs were conducted for each eye-tracking measure and region, one with 
participants (F1 ) and one with items (F2) as the random factors, with Frequency (High Frequency 
/ Low Frequency) and Anaphor type (Noun Phrase / Pronoun) as within-participants and within-
items factors. Only frequency effects and its interaction with anaphor type will be reported. In 
order to directly compare frequency effects, paired T-test analyses were carried out whenever 
appropriate.

Results

Antecedent region. Low-frequency antecedents took longer to read than high-frequency 
antecedents in all measures but total fixation duration (first fixation: F 1 (1, 19) = 8.11, p = .01; 
F 2 (1,  39) = 7.01; p = .01; fixation duration: F 1 (1, 19) = 6.03; p = .02; F 2 (1, 39) = 3.99; 
p = .05; total fixation duration: F 1 (1, 19) = .27; p = .61; F 2 (1, 39) = .49; p = .48).
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Anaphor region. In first-fixation duration, no frequency effect (F 1 (1, 19) = .7; p = .41; F 2 (1, 
39) = .01; p =.91) or interaction with anaphor type (F 1 (1, 19) = 2.53; p = .13; F 2 (1, 39) = 3.89; 
p =  .56) was found. However, in fixation duration, there was an interaction between both factors 
(F 1 (1, 19) = 4.94; p =.04; F 2 (1, 39) = 11.65; p = .002). Paired T-tests showed that repeated low-
frequency nouns took longer to read than repeated high-frequency nouns ((t 1 (19) = –2.31; p = .03; 
t 2 (39) = –2.89; p = .006), but pronoun conditions did not elicit any significant difference ((t 1 (19) = 1; 
p =.32; t 2 (39) = 1.54; p = .13) In total fixation duration, the interaction between frequency and type 
of anaphor turned out to be statistically significant (F 1 (1, 19) = 7.33; p = .01; F 2 (1, 39) = 6.58; 
p = .01). Pronouns referring to low-frequency antecedents were read faster than those referring to high-
frequency ones in the analysis by subjects ((t 1 (19) = 2.47; p = .02; 334.49 ms. vs. 384.80 ms.); but 
not by items (t 2 (39) = 1.34; p = .18; 343.44 ms. vs. 394.79 ms.) Regarding the control condition, the 
opposite pattern was observed: repeated high-frequency nouns were read faster than repeated low-
frequency nouns in the analysis by items (t 2 (39) = –2.31; p = .02; 449 ms vs. 522.48 ms.), but not by 
subjects (Repeated HF NP vs. Repeated LF NP: (t 1 (19) = –1.67; p = .11; 449.39 ms. vs. 513.27 ms.)

Post-anaphor region. No frequency effects or interaction with anaphor type occurred in this 
region in any measure (first-fixation duration: (F 1 (1, 19) = 0; p = .93; F 2 (1, 39) = .09; p = .76); 
fixation duration: (F 1 (1, 19) = .31; p = .58; F 2 (1, 39) = .77; p = .38) and total fixation duration: 
(F 1 (1, 19) = 2.24; p = .15; F 2 (1, 39) = 2.94; p = .09).

Discussion

The aim of this eye-tracking-while-reading study was to determine how the lexical frequency 
of the antecedent affects anaphoric pronoun resolution. Similarly to the eye-tracking results 
obtained by Van Gompel and Majid (2004) and Lago (2014), we found a lexical frequency effect 
at the antecedent region in first-fixation and fixation duration; however, we do not observe any in 
total fixation duration. This difference suggests that high and low-frequency antecedents in our 
materials elicited a similar amount of regressions.

In the anaphor region, there was an interaction between frequency and anaphor type in 
fixation duration and total fixation duration, such as repeated noun phrases referring to high-
frequency antecedents were read faster than those linked to low-frequency nouns. Nevertheless, 
this frequency effect was fully significant in fixation duration only.

Results elicited in total fixation duration should be interpreted with caution since they are 
partially significant: pronouns linked to low-frequency antecedents were read faster than the same 
pronouns referring to high-frequency nouns, but this saliency effect was only significant in the 
analysis by subjects2. The fact that there was no effect in fixation duration for pronouns compared to 
repeated noun phrases suggests that the saliency effect in total fixation duration was caused by readers 
looking back to the anaphor region. Similarly to Van Gompel and Majid (2004) and Lago (2014), the 
pronoun was a short word at the edge of the region, so we expected participants’ eyes to move onto 
the next without having fully processed it. However, there were no spill-over effects of antecedent 
lexical frequency at the post-anaphor region (cf. Van Gompel and Majid, 2004; Lago, 2014), which 
led us to think that the saliency effect detected in the previous region could be a Type I error.

2  Despite the fact that we ran a norming study to evaluate the grammatical acceptability of our materials, a plausibility effect 
might be responsible for the lack of significance in the analysis by items. It is likely that high-frequency words fitted better in the 
context than low-frequency words.
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Conclusion

The aim of this study was to investigate the nature of the antecedent representations involved 
during anaphoric pronoun resolution in Spanish after Meyer and Bock (1999) suggested that 
pronoun processing could, in principle, differ across languages based on the kind of information 
needed to mediate coreference. Whereas we replicated the word-frequency effect in the case of 
repeated nouns in the control condition, no reliable effect was found for pronouns: infrequent 
antecedents did not cause any processing cost during pronoun comprehension. We interpret this 
finding as evidence in favor of the lemma-reaccess account by Simner and Smyth (1998, 1999), 
which postulates that anaphoric pronoun resolution involves lemma retrieval (i.e. retrieval of 
the syntactic and semantic properties of the antecedent) whereas lexical (re)access to nouns 
additionally requires orthographic or phonological information. Simner and Smyth (1999) based 
their proposal on the serial, two-stage, activation-based speech production model proposed by 
Jescheniak and Levelt (1994), which locates the word-frequency effect at the lexeme level. 
The fact that this effect was elicited at the antecedent region as well as with repeated nouns in 
the control condition suggests thus that the lexeme must have been retrieved during sentence 
comprehension. Therefore, we argue that the absence of antecedent frequency effects during 
anaphoric pronoun resolution is a reliable null effect indeed rather than evidence for a difference 
between the production and comprehension systems. The current research extends Simner and 
Smyth and Lago’s conclusion in English to Spanish. Likewise, it contradicts the results reported 
in English and German by Van Gompel and Majid (2004) and Heine et al. (2006a,b), respectively, 
in support of the saliency account: i.e. the idea that since infrequent words require more attention 
and effort during language processing, they are better encoded in memory and, therefore, 
reaccessed faster than frequent antecedents during anaphoric pronoun resolution. Van Gompel and 
Majid (2004) suggests that their results can be accommodated within the lemma re-access account 
by positing two processing stages: one where the memory access mechanism finds the antecedent 
and retrieves the infrequent word faster, and a second stage where the processor re-accesses 
the lemma information of the antecedent only. The question which follows then is if discourse 
information would be enough to target and retrieve the antecedent during stage one of pronoun 
resolution when the grammatical properties of the antecedent are not yet available and there is not 
enough context.

Given our results, further research on pronoun processing and lexical access in general needs 
to be carried out in order to provide data from a larger pool of participants and typologically 
different languages before drawing any strong conclusions on the nature of the antecedent 
representations retrieved across languages.

Summary

This article provides empirical evidence in favor of a lexical access model where nouns and 
pronouns retrieve qualitatively different antecedent representations from memory, in support 
of a theory of anaphoric lexical access in comprehension (Simner and Smyth, 1998, 1999). We 
show that coreference resolution in Spanish only involves lemma retrieval —i.e. retrieval of 
the syntactic and semantic properties of the antecedent—, whereas lexical access to nouns and 
repeated nouns additionally targets orthographic-phonological information.
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