Isabelle Tran 
  
Angèle Brunellière 
email: angele.brunelliere@univ-lille3.fr
  
Laetitia Perre 
  
Thimai Tran 
  
Isabelle Bonnotte 
  
Angèle Brunellière Scalab 
  
  
The co-occurrence frequency evaluated with large language corpora acts as a boost in semantic priming effects

Keywords: semantic priming, co-occurrence frequency, purely semantic relation, visual lexical decision task

HAL is

Introduction

The general issue of meaning knowledge concerns on how semantic networks are organized in memory and how the statistical learning (called also distributional learning) can shape the organization of semantic representations. It is well known that infants, children, and adults use statistical regularities to encode, process, and retrieve linguistic information [START_REF] Aslin | What statistical learning can and can't tell us about language acquisition[END_REF][START_REF] Ellis | Frequency effects in language processing: A review with implications for theories of implicit and explicit language acquisition[END_REF][START_REF] Perruchet | Implicit learning and statistical learning: One phenomenon, two approaches[END_REF][START_REF] Wells | Experience and sentence processing: Statistical learning and relative clause comprehension[END_REF]. In particular, the probabilistic knowledge is exploited by 8-month-old infants to perform word segmentation during language acquisition [START_REF] Saffran | Statistical learning by 8-month-olds[END_REF] and by primary and secondary school students to learn past participle inflections in written French [START_REF] Negro | Statistical Learning of Past Participle Inflections in French[END_REF]. In the last decades, numerous computational models attempted to learn semantic representations from statistical regularities in the linguistic environment (for a review, [START_REF] Jones | High-dimensional semantic space accounts of priming[END_REF]. It has been shown that the complexity required for building semantic representations is available from the occurrence of words in contexts across large language corpora. Typically, computational models represent words in a high-dimensional semantic space from statistical co-occurrences in text. Thus, they are called Semantic Space Models, or Co-occurrence Models, or Distributional Models (see [START_REF] Sahlgren | The Distributional Hypothesis[END_REF], for a discussion of the distributional hypothesis). The most studied and known of them are LSA (Latent Semantic Analysis; [START_REF] Deerwester | Indexing by latent semantic analysis[END_REF][START_REF] Landauer | A solution to Plato's problem: the latent semantic analysis theory of acquisition, induction and representation of knowledge[END_REF], HAL (Hyperspace Analogue to Language; [START_REF] Burgess | The dynamics of meaning in memory[END_REF][START_REF] Lund | Producing high-dimensional semantic spaces from lexical cooccurrence[END_REF], and BEAGLE (Bound Encoding of the Aggregate Language Environment; [START_REF] Jones | High-dimensional semantic space accounts of priming[END_REF][START_REF] Jones | Representing word meaning and order information in a composite holographic lexicon[END_REF]. It is important to note that Semantic Space Models bring out semantic relationships between words thanks to the usage of words in similar contexts across large language corpora. These semantic relationships between words exist even if two words have never co-occurred in the same contextual environment. In this context, the aim of this study is to examine the role that statistical regularities extracted from the linguistic environment still plays in semantic networks in experts. The central question is therefore whether the lexical co-occurrence frequency is encoded in semantic networks and still contributes to strengthen the purely semantic relation built between words in an expert system. In other words, the encoding of lexical co-occurrence frequency in semantic networks could boost the processing of words sharing a purely semantic relation.

To this day, many experimental studies have been conducted to explore the organization of semantic representations in memory (for reviews, [START_REF] Hutchison | Is semantic priming due to strength or feature overlap? A microanalytic review[END_REF][START_REF] Lucas | Semantic priming without association: A meta-analytic review[END_REF]. The most studied effect is the so-called "semantic priming effect". In a typical procedure (first designed by [START_REF] Meyer | Facilitation in recognizing pairs of words: Evidence of a dependence between retrieval operations[END_REF]), a first stimulus, the prime, appears before the presentation of a second stimulus, the target. Then, the effect of prime is observed on responses given to the target, such as lexical decisions. More exactly, the semantic priming effect is measured by comparing performance in two priming contexts: one with semantically related prime-target pairs (e.g., catdog), and the other with unrelated prime-target pairs (e.g., glass-dog). This refers to the observation that a target word is recognized faster when it is preceded by a semantically related prime rather than by an unrelated prime. The origin of semantic priming effect has been debated, for a long time, to disentangle whether semantic priming effect is the result of semantic overlap or simply association strength between the prime and the target. At present, it appears that there is facilitation for prime-target pairs that share a purely semantic relation even if they have a weak lexical association strength and for prime-target pairs that share a purely associative relation even if they have a weak semantic similarity (see [START_REF] Ferrand | Associative and semantic priming in the mental lexicon[END_REF]. The degree of lexical association strength for word pairs is traditionnally taken from word association norms, constructed by giving people a cue such as dog and asking them to respond with the first word coming to mind (e.g., cat). For instance, while the French word association database from [START_REF] Ferrand | Normes d'associations verbales pour 366 noms d'objets concrets[END_REF] comprises 366 cues, which are all names of concrete objects, other databases can comprise more cues, such as the Dutch word association database from De Deyne, [START_REF] De Deyne | Better explanations of lexical and semantic cognition using networks derived from continuous rather than single word associations[END_REF], comprising 12,000 cues or the English word association databases from the Edinburgh Associative Thesaurus [START_REF] Kiss | An associative thesaurus of English and its computer Analysis[END_REF], which contains responses to 8211 cues, and from the University of South Florida Word Association norms [START_REF] Nelson | The University of South Florida free association, rhyme, and word fragment norms[END_REF], which contains responses to 5019 cues.

Nonetheless, word association databases are smaller than the average reader's vocabulary, leading that every word is not found in a free-association norm. It is also striking to consider the fact that each participant provides one response [START_REF] Ferrand | Normes d'associations verbales pour 366 noms d'objets concrets[END_REF][START_REF] Kiss | An associative thesaurus of English and its computer Analysis[END_REF][START_REF] Nelson | The University of South Florida free association, rhyme, and word fragment norms[END_REF] or three responses (De Deyne & Storms, 2008;[START_REF] De Deyne | Better explanations of lexical and semantic cognition using networks derived from continuous rather than single word associations[END_REF] to each cue word. This induces that weak or intermediate associative links between two words cannot be easily extracted from word association norms.

In using free-association norms, some authors also observed mediated priming effects (e.g., [START_REF] Chwilla | Three-step priming in lexical decision[END_REF][START_REF] Mckoon | Spreading activation versus compound cue accounts of priming: Mediated priming revisited[END_REF]. These latter priming effects refer to facilitation for prime-target pairs that are only indirectly associated in semantic memory (e.g., deer-vegetable). In those cases, a mediator (e.g., animal) shares a strong associative relation with the prime (e.g., deer-animal) and with the target (e.g., animal-vegetable). Interestingly, [START_REF] Chwilla | Three-step priming in lexical decision[END_REF] and [START_REF] Mckoon | Spreading activation versus compound cue accounts of priming: Mediated priming revisited[END_REF] have proposed that the frequency of cooccurrence between prime-target pairs might explain mediated priming effects. Indeed, it was not asked to focus attention on the phrasal contiguity between words during free-association production norms. As a consequence, the measures of word association norms do not directly reflect the real co-occurrence frequency between linguistic events. Moreover, word association norms are totally subjective and responses in word association norms may partly depend on the content of the word list, because participants can receive only a limited number of stimuli. To test whether the frequency with which the prime and the target co-occurred gave rise to mediated priming effects, [START_REF] Chwilla | Three-step priming in lexical decision[END_REF] removed all prime-target pairs that co-occurred in a Dutch newspaper (around 5 million words) within a window of thirteen words. Then, they performed a new analysis of their three-step priming effects (i.e., involving two mediators between the prime and the target) found in a double visual lexical decision task. This analysis on remaining prime-target pairs (not directly associated and unrelated pairs) revealed again a mediated priming effect, suggesting that the frequency with which the prime and the target cooccurred did not cause the mediated priming effects described in this study. Instead, a more global measure of semantic similarity taken from the LSA model on prime-target pairs of the study of [START_REF] Chwilla | Three-step priming in lexical decision[END_REF] accounted for the observation of mediated priming effects.

Furthermore, following the same hypothesis as [START_REF] Chwilla | Three-step priming in lexical decision[END_REF], [START_REF] Mckoon | Spreading activation versus compound cue accounts of priming: Mediated priming revisited[END_REF] had already investigated the role of co-occurrence frequency across large samples of written language but in a semantic priming paradigm (see Experiment 3 in [START_REF] Mckoon | Spreading activation versus compound cue accounts of priming: Mediated priming revisited[END_REF]. In that case, they manipulated four semantic priming contexts, one unrelated and three related: prime-target pairs with high probability of production in free-association norms, primetarget pairs with high co-occurrence frequency, and prime-target pairs with low co-occurrence frequency. [START_REF] Mckoon | Spreading activation versus compound cue accounts of priming: Mediated priming revisited[END_REF] thus dichotomized lexical co-occurrence frequency into two categories, high and low values, calculated from samples of the Associated Press newswire (6 million words) within a window of six consecutive words. In a double visual lexical decision task, the greatest priming effect was obtained for highly associated prime-target pairs. A priming effect was also found for prime-target pairs that highly co-occurred, whereas there was no priming for pairs that lowly co-occurred. From the latter finding, MacKoon and Ratcliff (1992) concluded that lexical co-occurrence frequency appeared as a valuable predictor of priming effects. However, the degree of semantic relatedness of each prime-target pair obtained from a seven-point scale gave rise to different scores between the three related priming contexts, with the highest score for prime-target pairs highly associated in free-association norms (5.9), an intermediate score for pairs that highly co-occurred (4.9), and the lowest score for pairs that lowly co-occurred (3.9). Thus, this made difficult the interpretation of priming effects observed in the study of [START_REF] Mckoon | Spreading activation versus compound cue accounts of priming: Mediated priming revisited[END_REF]. To sum up, although [START_REF] Mckoon | Spreading activation versus compound cue accounts of priming: Mediated priming revisited[END_REF] and [START_REF] Chwilla | Three-step priming in lexical decision[END_REF] attempted to examine whether lexical co-occurrence frequency might account for priming effects, the question concerning the role of lexical co-occurrence frequency in the structure of semantic memory remains still unsolved.

To this aim, we adopted the same approach as [START_REF] Mckoon | Spreading activation versus compound cue accounts of priming: Mediated priming revisited[END_REF] in dichotomizing lexical co-occurrence frequency into two categories, high and low values, but in controlling the semantic relatedness of prime-target pairs. To make sure that using word cooccurrence frequencies established from large language corpora offers a real index at which individuals are exposed daily and best reflects language usage, we employed the corpora of film dialogue [START_REF] New | The use of film subtitles to estimate word frequencies[END_REF]. More precisely, we examined whether lexical co-occurrence frequency might contribute to strengthen the purely semantic relation built between words in an expert system. We hypothesized that lexical co-occurrence frequency encoded in semantic networks could boost the processing of words sharing a purely semantic relation.

According to the meta-analyses describing semantic priming effects [START_REF] Hutchison | Is semantic priming due to strength or feature overlap? A microanalytic review[END_REF][START_REF] Lucas | Semantic priming without association: A meta-analytic review[END_REF], there are many divergences between studies manipulating the time interval that elapses between the beginning of the prime and that of the target, called the stimulus-onset asynchrony or SOA [START_REF] Neely | Semantic context effects on visual word processing: A hybrid prospective/retrospective processing theory[END_REF][START_REF] Neely | Semantic priming effects in visual word recognition: A selective review of current findings and theories[END_REF], and also examining priming effects in more drastic prime presentation conditions, like in subliminal presentation. For instance, the results of [START_REF] Lucas | Semantic priming without association: A meta-analytic review[END_REF] meta-analysis indicated that purely semantic priming can occur at SOAs less than 250 ms, without high lexical association strength, for varied types of purely semantic relations. On the contrary, [START_REF] Hutchison | Is semantic priming due to strength or feature overlap? A microanalytic review[END_REF] underlined that semantic priming is not observed at SOAs less than 250 ms, without high lexical association strength. Now, if we consider priming studies in subliminal presentation, [START_REF] Kiefer | The N400 is modulated by unconsciously perceived masked words: further evidence for an automatic spreading activation account of N400 priming effects[END_REF] found semantic priming effects for semantically related pairs at a 67-ms SOA with a 33.5-ms prime duration. A random pattern mask consisting of 10 letters was presented before and after the prime. As well, [START_REF] Balota | Beyond mean response latency: Response time distributional analyses of semantic priming[END_REF] observed semantic priming effects at a 42-ms SOA (which was also the prime duration).

However, in this study, related prime-target pairs were selected from word association norms and only one mask composed of hashes was presented before the prime. Contrary to these studies, [START_REF] Bueno | The activation of semantic memory: Effects of prime exposure, prime-target relationship, and task demands[END_REF] conducted masked priming experiments and no semantic priming effect has been demonstrated. In this study, the authors manipulated two types of semantically related prime-target pairs by contrasting strong associates (selected according to both a pretest and published French association norms, see [START_REF] Ferrand | Normes d'associations verbales pour 366 noms d'objets concrets[END_REF] and nonassociates (adapted from the stimuli of [START_REF] Mcrae | Automatic semantic similarity priming[END_REF]. When the prime was subliminally presented with a forward mask (13 hash marks) for 500 ms before the prime, the semantic priming effect was not shown for both strong associates and non-associates at either 28ms or 43-ms prime duration, and from 14 to 57 msec backward mask duration between the prime and the target (see Experiment 5). Similarly to [START_REF] Bueno | The activation of semantic memory: Effects of prime exposure, prime-target relationship, and task demands[END_REF]Frenck-Mestre (2008), de Wit andKinoshita (2014) showed that masking the prime eliminates the semantic priming effect in a lexical decision task.

Our main question of interest was to explore whether lexical co-occurrence frequency encoded in semantic networks could boost the processing of words sharing a purely semantic relation. Moreover, in light of the numerous divergences between previous priming studies in conscious and subliminal presentation, we aimed to examine whether the semantic priming effects generated by a purely semantic relation and perhaps also influenced by the degree of lexical co-occurrence frequency might depend on the mode of presentation. To this end, we conducted two experiments to examine the role of co-occurrence frequency in purely semantic priming in masked and unmasked priming conditions in a visual lexical-decision priming task. In Experiment 1, the unmasked prime was consciously presented at a 166-ms SOA, whereas in Experiment 2, the masked prime was unconsciously exposed to participants at a 66-ms SOA. In both experiments, the priming context was manipulated by contrasting an unrelated context and two semantically related contexts, wherein the prime and the target always shared a purely semantic relation and co-occurred either frequently or infrequently in large language corpora of films. Since lexical co-occurrence frequency could be encoded in semantic networks, we predicted a semantic priming effect in the two semantically related contexts and a boost of the semantic priming effect when the prime and the target co-occurred frequently.

Experiment 1: Unmasked visual lexical-decision priming

Method

Participants. Thirty-six healthy, native French speakers with normal or corrected-to-normal vision participated in this experiment. They were recruited at the University of Lille. The participants included 31 women and 5 men, with a mean age of 20.7 (range: 17-27 years). All participants signed a written consent form before beginning the experiment, which was conducted in accordance with the Declaration of Helsinki. The experiment was approved by the Research Ethics Committee of the University of Lille.

Material. We selected 90 word targets, each associated with three priming contexts: semantically related with a high co-occurrence frequency (high CF) such as for example, garagevoiture (garage-car), semantically related with a low co-occurrence frequency (low CF) such as traffic-voiture (traffic-car), and semantically unrelated (UR), such as ours-voiture (bear-car). The complete set of French stimuli is listed in the Appendix A. The purely semantic relation between the prime and the target varied as much as possible among synonymy (e.g., douce-tendre, sweettender), antonymy (e.g., paradis-enfer, heaven-hell), categorical (e.g., natural: sel-poivre, saltpepper, and artificial: couteau-fourchette, knife-fork), and script (e.g., fusil-chasse, rifle-hunting) relations, in order to prevent checking strategies based on a particular type of purely semantic relations. To rule out a differential impact of the degree of semantic relatedness between the prime and the target in the two semantically related priming contexts, one hundred and twenty participants, not included in the priming task, were asked to rate the degree of semantic relatedness on a five-point scale (from 0 = unrelated to 4 = strongly related; for a similar approach, [START_REF] Li | The relation between thematic role computing and semantic relatedness processing during on-line sentence comprehension[END_REF]. In total, three hundred and sixty prime-target pairs were evaluated across the whole of participants. Every participant received one hundred and twenty prime-target pairs, among which there were semantically related and unrelated pairs. The two semantically related priming contexts have been selected such that the prime-target pairs did not significantly differ in the degree of semantic relatedness, t(89) = 0.04, p > .2 (high CF: 3.52, low CF: 3.48). The other critical factor of this study, co-occurrence frequency, was collected from large language corpora of film subtitles [START_REF] New | The use of film subtitles to estimate word frequencies[END_REF], accessible on the Lexique website (www.lexique.org). These large language corpora of film subtitles were composed of a total of 50.4 million words. A window of ten words taking into account the function and content words was used, because it is the longest available from these corpora. To separate the co-occurrence of a pair of words from their base frequencies, we calculated pointwise mutual information1 for each word pair as a measure of co-occurrence frequency (for a similar approach, see [START_REF] Van Petten | Examining the N400 semantic context effect item-by-item: Relationship to corpus-based measures of word co-occurrence[END_REF]. Co-occurrence frequency did not significantly differ between the semantically related pairs with a low co-occurrence frequency and the semantically unrelated pairs, t(89) = -1.36, p > .2 (low CF: 12.66, UR: 13.06). As expected, the frequently cooccurring semantically related pairs (high CF) differed from the infrequently co-occurring semantically related pairs (low CF), t(89) = 15.38, p < .001 (high CF: 16.22). The psycholinguistic properties of primes in the three priming contexts were matched for cumulative lexical frequency, word length, and number of orthographic neighbors (estimated from the Lexique website, [START_REF] New | The use of film subtitles to estimate word frequencies[END_REF], see Table 1). Word targets had a mean cumulative lexical frequency of 142 occurrences per million words and a mean word length of 5.8. For the purposes of the task, 90 word-pseudoword pairs were added and were not further analyzed. Pseudoword targets were orthographically legal and were constructed by replacing a letter in French words other than those in the experimental set. The word and pseudoword targets were matched for length. From all word-word pairs, three lists were constructed, so that each target was associated with all three priming contexts across participants, but was presented only once per participant.

Each list was composed of 180 prime-target pairs: 90 word-word and 90 word-pseudoword pairs. The 90 word targets were preceded by 30 semantically related primes with a high co-occurrence frequency, 30 semantically related primes with a low co-occurrence frequency, and 30 semantically unrelated primes with a low co-occurrence frequency.

< Insert Table 1 here > Procedure. Each participant was randomly assigned to one list. The 180 total trials were divided into two blocks of 90 trials each. Trial order within each block was randomized and a break was provided between the blocks. The primes and the targets, in lowercase, were presented in white font against a black background on a computer monitor synchronously with the screen refresh (refresh rate: 16.67 ms). In each trial, participants were first presented with a fixation cross for 500 ms, followed by a prime word for 150 ms. After the prime presentation, a black screen was presented for 16 ms, creating a SOA of 166 ms. Thereafter, the target stimulus, either a real word or a pronounceable pseudoword, was displayed and remained on the screen until the participants' response. Participants were instructed to indicate, as quickly and accurately as possible, whether the target stimulus was a real word or not. Responses were given by pressing one of two buttons on a button box (the button responses were assigned based on the participants' handedness). The inter-trial interval (a black screen) lasted 1500 ms. Before the experimental task, participants first received instructions and 12 practice trials. It took approximately fifteen minutes to complete the task.

After the priming task, participants realized a prime visibility test during which they were instructed to perform a new lexical decision task on the primes. The prime-target pairs used in the main experiment and new prime-target pseudoword pairs were shown to the participants. This informed us on the conscious level of prime visibility during the priming task. The sequence of events and stimulus parameters were identical with the priming task. Each participant received 90 word-word pairs, 90 word-pseudoword pairs, 90 pseudoword-word pairs, and 90 pseudowordpseudoword pairs. Participants had to decide whether the prime was a real word or not and were instructed to give the first response that came to mind. The instructions stressed accuracy over response speed. The prime visibility task, consisting of 12 practice prime-target pairs and 360 randomly presented experimental prime-target pairs, took approximately fifteen minutes. The hit rates of prime recognition (mean hit rates: 0.93) were substantially higher than the false alarm rates (mean false alarm: 0.09). At the end of the prime visibility test, all participants reported that they had consciously recognized the letters of primes.

Results

For the analyses of priming data, incorrect responses (2.9%) and decision latencies smaller than 200 ms or larger than 1000 ms (3.2%) were excluded. The mean lexical decision latencies and error percentages from the participant analysis are presented in Appendix B. A linear mixedeffects model approach with participants and items specified as crossed random factors [START_REF] Baayen | Mixed-effects modeling with crossed random effects for subjects and items[END_REF][START_REF] Barr | Random effects structure for confirmatory hypothesis testing: Keep it maximal[END_REF] was used to analyze lexical decision latencies as a function of priming context. Models included the full random effect structure with random intercepts and slopes for both participants and items. Augmented and reduced models (i.e., including or not the fixed effect of interest) were compared using -2LogLikelihood Ratio (distributed as χ 2 with degrees of freedom equal to the number of parameters added). Analyses were performed with the lme4 1.1-12 package of R version 3.2.5. 

The analysis of lexical decision latencies

Experiment 2: Masked visual lexical-decision priming

Method

Participants. Thirty-three healthy native French speakers with normal or corrected-tonormal vision took part in this experiment and had not participated in Experiment 1. They were recruited at the University of Lille. They included 30 women and 3 men, with a mean age of 20.7 (range: 17-25 years). As in Experiment 1, all participants signed a written consent form before beginning the experiment, which was conducted in accordance with the Declaration of Helsinki.

The experiment was approved by the Research Ethics Committee of the University of Lille.

Material and Procedure. The stimulus sets and tasks were identical to Experiment 1.

Contrary to Experiment 1, the prime was masked and the SOA was shorter in Experiment 2, leading to a subliminal presentation of the prime. The choice of a short prime duration of around 50 ms in Experiment 2 was based on previous studies [START_REF] Diependaele | Masked cross-modal morphological priming: unravelling morpho-orthographic and morpho-semantic influences in early word identification[END_REF][START_REF] Grainger | Masked repetition and phonological priming within and across modalities[END_REF][START_REF] Kouider | A functional disconnection between spoken and visual word recognition: evidence from unconscious priming[END_REF] suggesting that this duration is optimal for creating a subliminal stimulus presentation. More precisely, in Experiment 2, participants were first presented with a forward mask consisting of 10 hash symbols (#) for 500 ms, followed by a prime word, which was shown for 50 ms. Next, a random pattern backward mask, composed of 8 capital consonants with no orthographical overlap in letters between the prime and the target, was presented for 16 ms. Thereafter, as in Experiment 1, the target stimulus was displayed and the task was to indicate whether the target was a word or not.

After this task, participants performed a prime visibility test by judging the lexicality on the primes (the same stimuli as Experiment 1 but under the experimental procedure of Experiment 2).

Four additional participants to those already mentioned were excluded, since they reported that they had consciously recognized the letters of primes. All included participants declared that they had never perceived one or several letters of primes. They had mean hit rates of 0.51 and mean false alarm rates of 0.47.

Results

For the analyses of priming data, incorrect responses (3.4%) and decision latencies smaller than 200 ms or larger than 1000 ms (2.6%) were excluded. The mean lexical decision latencies and error percentages from the participant analysis are presented in Appendix B. As with Experiment 1, a linear mixed-effects model approach was used to analyze lexical decision latencies as a function of priming context. The analysis of lexical decision latencies did not reveal any effect of priming context [χ2(2) = 2.05, p > 0.2]. As well, the analysis of errors did not show any effect of priming context [χ2(2) = 0.01, p > 0.2].

Discussion

Two semantic priming experiments were conducted with conscious and subliminal prime presentations while manipulating the co-occurrence frequency between word pairs, as determined from large language corpora of films. To our knowledge, this is the first study showing a boost of the semantic priming effect when primes and targets co-occurred frequently in comparison with prime-target pairs co-occurring lowly. More precisely, in the conscious priming presentation (166-ms SOA), a semantic priming effect was recorded in both semantically related priming contexts. Crucially, the semantic priming effect was greater with prime-target pairs having higher co-occurrence frequency. In the subliminal priming presentation (66-ms SOA), no semantic priming effect was observed, regardless of the related priming context.

Although semantic priming effects with conscious exposure are robust, it appears that semantic priming effects with subliminal exposure seem to be unstable and difficult to reproduce (see for a similar conclusion, [START_REF] Dehaene | Conscious, preconscious, and subliminal processing: a testable taxonomy[END_REF]. The fact that the semantic priming effect was eliminated when the primes were subliminally presented is consistent with the previous findings of [START_REF] Bueno | The activation of semantic memory: Effects of prime exposure, prime-target relationship, and task demands[END_REF] and those of de [START_REF] De Wit | The masked semantic priming effect is task dependent: Reconsidering the automatic spreading activation process[END_REF]. This difficulty to replicate semantic priming effects with subliminal prime presentation does not seem to be explained by the origin of semantic priming effect. For instance, [START_REF] Bueno | The activation of semantic memory: Effects of prime exposure, prime-target relationship, and task demands[END_REF] and [START_REF] Balota | Beyond mean response latency: Response time distributional analyses of semantic priming[END_REF] used related prime-target pairs selected from word association norms, their findings were however completely divergent. Whereas Balota, Yap, Cortese, and Watson (2008) found semantic priming effect, [START_REF] Bueno | The activation of semantic memory: Effects of prime exposure, prime-target relationship, and task demands[END_REF] did not state it. Using a backward mask in the study of [START_REF] Bueno | The activation of semantic memory: Effects of prime exposure, prime-target relationship, and task demands[END_REF] could be one methodological aspect to account for the discrepancy of findings with Balota and colleagues (2008). Moreover, as revealed by de [START_REF] De Wit | The masked semantic priming effect is task dependent: Reconsidering the automatic spreading activation process[END_REF], the disappearance of semantic priming effects with subliminal exposure would be also task-dependent. Whereas masked and unmasked primes produced semantic priming effects in a semantic categorization task, presenting masked primes eliminates semantic priming effect in a lexical decision task. Taken together, the weak degree of spreading activation across semantic networks, induced either by the quick presentation of primes, or by the interference between the prime and the backward mask, or by the non-relevant task with respect to semantic networks would explain the difficulty to obtain semantic priming effects in some circumstances.

The main finding of our study is a boost of the semantic priming effect when the primes and the targets co-occurred frequently in the conscious priming presentation. Interestingly, it appeared that controlling the degree of semantic relatedness in two semantically-related primetarget pairs made possible to observe a semantic priming effect in both semantically related priming contexts in the primes and the targets co-occurred either frequently or infrequently and greater semantic priming effect for prime-target pairs having high co-occurrence frequency.

Consistent with the study of MacKoon and Ratcliff (1992), lexical co-occurrence frequency constitutes a valuable parameter of semantic priming effects. More exactly, our findings confirm that lexical co-occurrence frequency is encoded in semantic networks in an expert system. This study thus provides new lights on the organization of semantic representations. To this day, it is assumed that the learning of semantic representations is available from statistical regularities in the linguistic environment. This assumption comes from computational models, called semantic space models, which are able to learn semantic representations from the occurrence of words across large language corpora (for a review, [START_REF] Jones | High-dimensional semantic space accounts of priming[END_REF]. One can ask whether high-dimensional semantic spaces learnt by semantic space models can account for human data in semantic, associated, and mediated priming experiments such as in a lexical decision task. For instance, Günther, Dudschig, and Kaup (2015) conducted two semantic priming experiments in which prime-target pairs were selected according to the Latent Semantic Analysis model (LSA, Deerwester, Dumais, Furnas, Landauer, & Harshman, 1990;[START_REF] Landauer | A solution to Plato's problem: the latent semantic analysis theory of acquisition, induction and representation of knowledge[END_REF]. The authors hypothesized that higher values of LSA semantic similarity should produce higher semantic priming effects. In LSA model, a word-by-document frequency matrix is constructed from a corpus and dimensional vectors represent the distributions of words across the corpus. If words often occur in the same contexts, they tend to have similar vectors. It is assumed that the more similar word vectors, the more similar the semantic representations would be. Computing the similarity of vectors in one word pair gives the degree of semantic similarity for this word pair represented in the semantic space. Günther, Dudschig, and Kaup (2015) found that values of LSA semantic similarity predicted semantic priming effects. On the contrary, in using a regression analysis, values of LSA semantic similarity failed to predict reaction times at item level in the study of Hutchison, Balota, Yap, Cortese, and Watson (2008). However, these authors performed post-hoc analyses on their associated priming data without controlling the distribution of LSA semantic similarities across prime-target pairs. Other authors also attempted to compare the divergences of computational models to describe human data in semantic, associated and mediated priming experiments [START_REF] Jones | High-dimensional semantic space accounts of priming[END_REF][START_REF] Lowe | The Direct Route: Mediated Priming in Semantic Space[END_REF][START_REF] Mcdonald | Modelling functional priming and the associative boost[END_REF]. Particularly, [START_REF] Jones | High-dimensional semantic space accounts of priming[END_REF] reported that LSA and BEAGLE (Bound Encoding of the Aggregate Language Environment; [START_REF] Jones | High-dimensional semantic space accounts of priming[END_REF][START_REF] Jones | Representing word meaning and order information in a composite holographic lexicon[END_REF] are able to replicate mediated priming effects (also found by [START_REF] Lowe | The Direct Route: Mediated Priming in Semantic Space[END_REF], but it is not the case for HAL (Hyperspace Analogue to Language; [START_REF] Burgess | The dynamics of meaning in memory[END_REF][START_REF] Lund | Producing high-dimensional semantic spaces from lexical cooccurrence[END_REF]. More generally, LSA focusing on contextual co-occurrence overestimates the strength of associative relationships in comparison with human data. Contrary to LSA, HAL develops stronger relationships between words when they share the same positional similarity within a moving window. Consequently, HAL creates stronger relationships between words sharing semantic relations than associative relations. In contrast, BEAGLE takes into account two types of information, contextual similarity and order similarity and incorporates it in a composite representation. The combination of these two types of information better explains human data in a variety of semantic, associated and mediated priming experiments. In addition, [START_REF] Mcdonald | Modelling functional priming and the associative boost[END_REF] reported that the encoding of temporal co-occurrence information within a small window (around 6 words) helps to replicate particular human data such as an associative boost for strong associates. Whatever the nature of semantic space models, they capture deep semantic and associative relations and not just a simple co-occurrence frequency measure. For instance, [START_REF] Landauer | An introduction to latent semantic analysis[END_REF] mentioned that high values of LSA semantic similarity are found for words that never occurred together in the same document. More precisely, [START_REF] Jones | High-dimensional semantic space accounts of priming[END_REF] indicated that 70% of a word's nearest neighbours according to the LSA are words never occurred in the same document.

Hence, the finding of a boost due to co-occurrence frequency in purely semantic priming effects provides different contributions than semantic space models in regard to the structure of semantic memory.

We discuss thereafter our findings in the framework of semantic models [START_REF] Collins | A spreading-activation theory of semantic processing[END_REF][START_REF] Plaut | Individual and developmental differences in semantic priming: Empirical and computational support for a single-mechanism account of lexical processing[END_REF]. According to the spreading-activation theory of [START_REF] Collins | A spreading-activation theory of semantic processing[END_REF], semantic memory is composed of a network of interconnected nodes. Following this model, there are two separate networks: one purely lexical with connections built through repeated occurrence between words, the other purely semantic, with connections encoded according to meaning relation between words. Even though this model does not provide specific predictions regarding the time course of spreading activation across the two separate networks, it is usually assumed a fast and automatic spreading activation. This latter assumption thus is not consistent with our findings, since no semantic priming effect was observed in the subliminal priming presentation. By contrast, in the distributed connectionist model developed by Plaut [START_REF] Plaut | Semantic and associative priming in a distributed attractor network[END_REF][START_REF] Plaut | Individual and developmental differences in semantic priming: Empirical and computational support for a single-mechanism account of lexical processing[END_REF], one network is conceptualized in which the activation spreads between linguistic units in two layers, one orthographic and one semantic, connected to varying degrees of strength via a hidden layer. Thus, each concept is represented by a particular pattern of activity over a large number of processing units. When reading a word, units cooperate and compete across weighted connections until the whole network settles into a stable pattern of activity representing the meaning of the word. Interestingly, this model distinguishes between the purely semantic relation (limited to the categorical one) and the lexical co-occurrence frequency.

More precisely, the lexical co-occurrence frequency is encoded directly in the likelihood that the second word (i.e., the target) follows the first word (i.e., the prime) during training. [START_REF] Plaut | Semantic and associative priming in a distributed attractor network[END_REF] performed simulations of priming effects for each of the two relations at different prime durations. Even though the absolute time scale of the network is arbitrary, Plaut and Booth's model provides opposite predictions relative to the purely semantic priming effects and cooccurrence frequency effects when the prime duration increases. It predicts weak purely semantic priming effects at short SOAs, which grow slightly and then progressively dwindle with increasing SOA. Indeed, with increasing SOA, the cognitive system can process the prime more deeply, accessing semantic features that do not characterize the target, which may delay the decision (e.g., a hat and a coat are both members of the same superordinate category of clothing; both possess similar features, but they also differ in many aspects). Co-occurrence frequency priming effects are also expected to be weak at short SOAs, but to increase with longer SOAs. Indeed, during training, the model learns to make a quick transition from the representation of the prime to that of the target, and the priming effects expand at longer SOAs because the representation produced by the prime becomes progressively accurate. In other words, when the time to process the prime is very brief, it might be difficult to register a pure semantic priming effect as well as a pure lexical co-occurrence frequency effect. With a substantial processing time of the prime, both priming effects might be registered, whereas increasing the processing time of the prime might provoke the disappearance of the pure semantic priming effect but the growth of the pure lexical co-occurrence frequency. In line with these predictions, the subliminal priming presentation with a 66-ms SOA appears as a processing time of the prime not enough long to observe any priming effects in either of the related priming contexts. Then, a longer SOA (166ms SOA) seem to be a sufficient processing time of the prime to register the two types of priming effects. Indeed, at this SOA, we recorded a priming effect in both the semantic priming context with low co-occurrence frequency (i.e., the pure semantic priming context) and that with high cooccurrence frequency, and more importantly, the co-occurrence frequency boosts the pure semantic priming effect. Therefore, our results are partially within the framework defined by Plaut and Booth's model, which predicted that the cognitive system treats the purely semantic relation and the lexical information given by their co-occurrence frequency and this latter boosts the cognitive system when the time spent on processing is sufficient.

To conclude, this study clearly revealed a boost in semantic priming due to the cooccurrence frequency established from large language corpora of films. Further work should be conducted to investigate the importance of the proximity from which word pairs are selected from large language corpora. It may be that the co-occurrence frequency between words could have a greater impact on spreading activation within the semantic network when these words tend to occur spatially close together (i.e., are frequently separated by a small number of words). 

  revealed an effect of priming context [χ2(2) = 19.72, p < .001]. Latencies were 23 ms shorter for semantically related pairs with a high co-occurrence frequency than unrelated pairs [estimate = 22.63, t = 5.07, SE = 4.47, p < .001]. Likewise, latencies for semantically related pairs with a low co-occurrence frequency were 12 ms shorter compared to unrelated pairs [estimate = 12.25, t = 2.73, SE = 4.49, p < .001]. To evaluate the size of the difference in priming effect between each of the two semantically related contexts and the unrelated context, a linear hypothesis from the augmented model including the fixed effect of interest was performed with the multcomp 1.4-5 package of R version 3.2.5. This analysis showed that the priming effect was 10 ms stronger in semantically related pairs with a high cooccurrence frequency in comparison with semantically related pairs with a low co-occurrence frequency [estimate = 10.39, z = 2.29, SE = 4.53, p < .05]. Following the same linear mixedmodel approach, the analysis of errors did not show any effect of priming context, [χ2(2) = 3.79, p = .15].

Table 1

 1 Psycholinguistic properties of the primes according to the priming contextNote. CF: co-occurrence frequency; UR: unrelated; cumulative lexical frequency in number of occurrences per million words; word length in number of letters; an orthographic neighbor is any word that can be created by changing one letter of the word and preserving letter positions[START_REF] Coltheart | Access to the internal lexicon[END_REF].Mean error percentages and decision latencies (DLs in milliseconds) for participant analysis according to priming context, and priming effects for DL analysis in Experiments 1 and 2

	Priming	Mean cumulative lexical	Mean word length	Mean	number	of
	Context	frequency		orthographic neighbors	
	High CF	47.5	6.4		2.7	
	Low CF	42.3	6.3		3.6	
	UR	49.5	6.2		2.9	
	F-value of	F(2,178) = 0.33, p > 0.2	F(2,178) = 0.29, p > 0.2 F(2,178) = 1.07, p > 0.2
	ANOVA					

Note. CF: co-occurrence frequency; UR: unrelated; standard deviation in parentheses

The pointwise mutual information is defined by the following formula: log2 ((pt * corpus size)/(p * t * span)), with pt the co-occurrence count for prime and target words, corpus size the total number of words p the overall frequency of the prime in the same corpus, t the overall frequency of the target, and span the window size for the co-occurrence count.