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To what extent does typicality boost semantic priming effects between members of their categories?
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. It seems therefore that atypical words provide more information about the overall structure of the semantic category due to their specific and shared features. In this view, atypical primes could strongly facilitate the processing of targets compared to typical primes, because typical primes contain little information about the variation between members within a category. In contrast, three semantic priming experiments in visual word recognition showed an advantage with the typical context, but not with the atypical one. These findings were observed in a variety of tasks, including lexical decision, categorization and semantic judgment. Our results do not support the findings about generalization in relearning and suggest that typicality effects in semantic priming mostly come from the activation of representative features of categories.

Introduction

Cat indicates a typical mammal (as does dog) while mink refers to an atypical mammal. The typical or atypical character of an entity depends on its distance from the prototype of its semantic category [START_REF] Rosch | Cognitive representations of semantic categories[END_REF]. The prototype of a category is conceived as its central tendency, its centralized representation, or its core. The present study was designed to determine how category structure, in particular, the typicality of words within a category, affects word recognition, e.g. within the category of mammals, between cat and dog, or between mink and dog. The most widely studied effect to explore the organization of semantic representations and the dynamics of spreading activation in semantic memory (for reviews, [START_REF] Hutchison | Is semantic priming due to association strength or feature overlap? A microanalytic review[END_REF][START_REF] Lucas | Semantic priming without association: A meta-analytic review[END_REF] is the socalled "semantic priming effect". The semantic priming effect is traditionally measured by comparing performances in two priming contexts: one with semantically related prime-target pairs (e.g., cat-dog), and the other with unrelated prime-target pairs (e.g., scythe-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.

Therefore, we explored whether semantic priming effects were affected by typicality in categorical priming.

According to the prototype theory [START_REF] Rosch | Cognitive representations of semantic categories[END_REF], the perceptual and functional features appearing frequently among members of a given category have a high probability of being integrated into its prototype. They are shared features and are distinguished from specific features. For example, the land-based lifestyle is a feature shared by many mammals. In contrast, the aquatic lifestyle is a specific feature of a few members of this category (e.g., whales). Thus, the members of a given category are distributed at greater or lesser distances from its core according to the number of features shared between a given member and the prototype: the members near the core are typical while the members rather on the periphery are atypical.

In reference to Rosch's prototype model (1975), [START_REF] Plaut | Relearning after damage in connectionist networks: toward a theory of rehabilitation[END_REF] developed a connectionist simulation to test the hypothesis that the degree of generalization to new words produced by new training should be influenced by the relative typicality of learned words. It was hypothesized that after lesions in an artificial neural network, a new training of the network with words referring to typical concepts should give rise to a greater recovery of memory than the same type of training with words referring to atypical concepts. The results of the simulation were unexpected. In fact, new training on atypical words in their category gave rise to a greater generalization than new training on more typical words. [START_REF] Plaut | Relearning after damage in connectionist networks: toward a theory of rehabilitation[END_REF] concluded that atypical words, as a whole, provide more information about the overall structure of the category due to their specific and shared features. Atypical words include how semantic properties may vary between members of a category and provide a good approximation of the central tendency of the category. Thus, new training on atypical words can produce a generalization on all untrained words, both typical and atypical. On the other hand, new training on the typical words is generalized only to the other typical words. In the latter case, the performance on the atypical words decreased. These findings were explained by the fact that atypical words provide a better estimate of both the central tendency and the variation within the category on each semantic dimension, whereas typical words provide only information about the central tendency. Plaut's results (1996) were confirmed by [START_REF] Kiran | The role of semantic complexity in treatment of naming deficits: Training semantic categories in fluent aphasia by controlling exemplar typicality[END_REF] in empirical studies. They studied the effect of the typicality of members of two superordinate categories (birds, vegetables) in a naming task (i.e., naming birds and vegetables presented in a pictorial format) administered to four patients with Wernicke's aphasia, a group of young adults, and a group of older adults. They found that training on atypical items, including relevant variables for typical items, facilitated a greater access to untrained items than training on typical items. It is important to extend these findings in terms of spreading activation during word recognition. While [START_REF] Plaut | Relearning after damage in connectionist networks: toward a theory of rehabilitation[END_REF] and [START_REF] Kiran | The role of semantic complexity in treatment of naming deficits: Training semantic categories in fluent aphasia by controlling exemplar typicality[END_REF] targeted learning and retrieving information processes in semantic memory, the present study investigated how the typicality of members of a given semantic category affects the recognition of other members within the same category in healthy populations. According to the hypotheses proposed by [START_REF] Plaut | Relearning after damage in connectionist networks: toward a theory of rehabilitation[END_REF] and [START_REF] Kiran | The role of semantic complexity in treatment of naming deficits: Training semantic categories in fluent aphasia by controlling exemplar typicality[END_REF], the initial processing of an atypical prime (with shared and specific features) would be more effective than that of a typical prime (with many shared features), regardless of which target is subsequently processed.

Contrary to this view, some authors have repeatedly found a more beneficial effect with typical members than with atypical ones in category membership verification tasks. When participants are asked to verify whether a member of a category (dog) belongs to a given category (mammals), faster reaction times are observed with typical than with atypical members. The two items are usually presented as a sentence or a word pair [START_REF] Hampton | Associative and similarity-based processes in categorization decisions[END_REF][START_REF] Larochelle | Determinants of response-times in the semantic verification task[END_REF][START_REF] Mervis | Categorization of natural objects[END_REF][START_REF] Räling | On the influence of typicality and age of acquisition on semantic processing: Diverging evidence from behavioural and ERP responses[END_REF][START_REF] Smith | Structure and processing semantic memory: a featural model for semantic decisions[END_REF]. The effects observed in category membership verification tasks plead in favor of a strong direct link between high typicality members and their superordinate semantic category. Based on the prototype model [START_REF] Rosch | Cognitive representations of semantic categories[END_REF], smaller distances according to the number of features shared between a given member and the prototype could explain the ability to verify whether a member belongs to a given semantic category. Nonetheless, these effects mostly reflect the degree to which a member (e.g., dog) is more or less representative of a given category (e.g., mammals) and were obtained with a presentation of the named category. Interestingly, a stronger beneficial effect with typical members than with atypical ones was also observed with fixation duration of target members when they were preceded by the category name in sentence-reading, without the participants performing an explicit category membership verification task [START_REF] Carroll | Constraints on semantic priming in reading: A fixation time analysis[END_REF]. This finding could be evidence of the spreading activation of the more representative members of a given category after the recognition of its name. Although [START_REF] Chumbley | The roles of typicality, instance dominance, and category dominance in verifying category membership[END_REF] and [START_REF] Casey | A reexamination of the roles of typicality and category dominance in verifying category membership[END_REF] studied the time taken to verify category membership for both member-category and category-member orders, one unresolved question is to know to what extent a member prime (e.g., cat or mink) might serve the same function as a named category (e.g., mammal) on the processing of a member target. Therefore, it is not clear whether and how the typicality of a member of a given semantic category affects the recognition of another member within the same category.

The present study was conducted with young French adults using the visual procedure of semantic priming. Three experiments with a 166-ms stimulus-onset asynchrony (SOA) were used either in an implicit task (i.e. not forcing participants to focus on semantic information) such as a lexical decision task (Experiment 1) or in explicit tasks (i.e., forcing participants to focus on semantic information) including a categorization task (i.e., whether the prime and the target belong to 'the same category' vs. 'different categories', Experiment 2) or a semantic judgment task (i.e., whether the prime is semantically related or not with the target, Experiment 3). To highlight the impact of the typicality of primes on the recognition of other members within the same category, the three experiments included four semantic priming conditions: typical and atypical related priming contexts (e.g., related typical primes conditions, cat-dog and cat-jackal versus related atypical primes conditions, mink-dog and mink-jackal) and their respective unrelated priming contexts (e.g., unrelated primes matching with related typical primes, scythe-dog and scythe-jackal versus unrelated primes matching with related atypical primes, nut-dog and nut-jackal). To avoid confounding with typicality, the unrelated priming contexts were matched with related priming contexts for a variety of psycholinguistic variables such as lexical frequency and length. Moreover, the impact of the typicality of primes on semantic priming effects was examined either during the processing of typical targets (e.g., dog), or during the processing of atypical targets (e.g., jackal).

Experiment 1: Lexical decision task

Method

Participants

Fifty-two 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 48 women and 4 men with a mean age of 21.1 years (range: 18-29 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

The selection of items was made from the French database of Dubois and Poitou 1 (2002). This database was constructed by asking 75 young French adults to list, in the order in which they came to mind, the names of objects belonging to 22 semantic categories: 9 categories of "natural" objects, 11 categories of "artificial" objects or artifacts and 2 categories of activities. From this database, 80 typical items and 80 atypical items were selected in order to be presented as targets. Each target was associated with four semantic priming conditions (related typical primes, related atypical primes, unrelated primes matching with related typical primes, and unrelated primes matching with related atypical primes). The same primes were presented with the typical targets and the atypical targets. The complete set of French stimuli is listed in Appendix A. In total, 480 words (80 x 2 targets + 80 x 4 primes) selected from the database belonged to 20 semantic categories: 9 categories of "natural" objects (birds, fishes, insects, mammals, metals and materials, flowers, fruits, trees, vegetables), 9 categories of "artificial" objects or artifacts (weapons, buildings, clothing, containers and utensils, drinks, furniture, musical instruments, tools, vehicles) and 2 categories of activities (professions, sports). There was the same number of typical and atypical targets within each semantic sub-category. Typical items should have been cited by at least 20% of participants (mean: 49.2; max: 97.33%), while atypical items should have been cited by at least 1.33% and at most 6.67% of them (mean: 2.17%). Semantic distances were extracted between each item and its named category from semantic representations for words obtained from statistical co-occurrences in texts (for more details, https://magnet.gitlabpages.inria.fr/mangoes/). The semantic distances based on the French corpus of Wikipedia were weaker between typical items and their named category than those between atypical items and their named category. Semantically related and unrelated primes were matched for lexical frequency, word length and orthographical neighbors (see Table 1) obtained from the Lexique database [START_REF] New | Lexique 2: A new French lexical database[END_REF]. When prime-target pairs were semantically related, primes and targets belonged to the same semantic category. Moreover, primetarget pairs were matched for co-occurrence frequency, orthographical, phonological, and morphological similarity. The 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, for a similar approach, Brunellière, Perre, Tran, & Bonnotte, 2017).

< Insert Table 1 here >

The 80 typical targets and the 80 atypical targets were divided into four lists so that each target was associated with the four priming conditions across all participants, but was presented only once per condition to a given participant. To make the relations between primes and targets difficult to discern and to avoid some attentional strategies, 160 additional unrelated prime-target word pairs were also presented. Each list was composed of 640 prime-target pairs, such that the semantically related pairs represented 25% of word-word pairs. For the purposes of the task, 320 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. Moreover, 32 practice trials were built according to the same criteria.

Procedure

Each participant was randomly assigned to one list. The 640 trials were divided into five blocks of 128 trials each. Trial order within each block was randomized and a break was provided between the blocks. In each trial, participants were first presented with a fixation cross for 500 ms, followed by a prime word for 150 ms. After presentation of the prime, a black screen was presented for 16 ms, creating an SOA of 166 ms (for a similar approach in semantic priming, [START_REF] Brunellière | Co-occurrence frequency evaluated with large language corpora boosts semantic priming effects[END_REF].

Thereafter, the target stimulus, either a real word or a pronounceable pseudoword, was displayed and remained on the screen until the participants' response. The primes and the targets, in lowercase, were presented synchronously in white font on a black background on a computer monitor with the screen refresh (refresh rate = 16.67 ms).

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 being assigned according to the participants' handedness. The inter-trial interval (a black screen) lasted 1500 ms. Before the experimental task, participants first received instructions and 32 practice trials. It took approximately 40 min to complete the task. The duration of prime presentation in the present study allowed us to explore categorical priming in the conscious presentation of primes, as assessed by a prime visibility test that participants performed after the priming task. The hit rates of prime recognition (mean hit rates: .91) were substantially higher than the false-alarm rates (mean false alarm rates: .1). At the end of the prime visibility test, all participants reported that they had consciously recognized the letters of primes.

Results

Nine items giving rise to more than 30% of errors were excluded from the analyses in the lexical decision task (for a similar approach, e.g., Havelka, Bowers, & Jankovic, 2006;[START_REF] Kouider | Subliminal speech priming[END_REF]. Response times (RTs) longer than 1600 ms (based on RT distribution, see [START_REF] Baayen | Frequency effects in regular inflectional morphology: Revisiting Dutch plurals[END_REF] in correct trials and those greater than three standard deviations above and below the participant's overall responses were excluded from the analyses (in total, 2.1%). Mean error rates and RTs are shown in Table 2. Based on the aim of the study, ANOVAs with Prime Typicality (Atypical vs. Typical) and Priming Context (Related vs. Unrelated) as factors were conducted by each type of target. The analyses were performed on error rates and RTs by participants (F 1 ) and by items (F 2 ). On atypical targets, the analysis of error rates revealed a main effect of Priming Context, F 1 (1,51) = 6.85, p < .05; F 2 (1,71) = 5.76, p < .05. Participants recognized atypical targets better when they were preceded by a semantically related context than by an unrelated context. The interaction between Priming Context and Prime Typicality was not significant, F 1 (1,51) = 1.19, p > .2; F 2 (1,71) = .8, p > .2. The size of the priming effect for atypical primes (2.9%) was thus similar to that for typical primes (1.5%). Contrary to atypical targets, neither a main effect of Priming Context, F 1 (1,51) = 1.39, p > .2; F 2 (1,78) = 1.54, p > .2, nor an interaction between Priming Context and Prime Typicality, F 1 (1,51) = .01, p > .2; F 2 (1,78) = .01, p > .2, were found for typical targets. Similar to error rates, separate analyses on RTs were conducted on each type of target.

On atypical targets, a main effect of Priming Context, F 1 (1,51) = 4.74, p < .05; F 2 (1,71) = 5.62, p < .05, was found but there was no interaction between Priming Context and Prime Typicality, F 1 (1,51) = 0.039, p > .2; F 2 (1,71) = 0.001, p > .2. RTs were shorter when atypical targets were preceded by a semantically related context than by an unrelated context. The size of the priming effect for atypical primes (10 ms) was thus similar to that for typical primes (12 ms). Similar to atypical targets, a main effect of Priming Context, F 1 (1,51) = 27.82, p < .001; F 2 (1,78) = 28.87, p < .001, was found for typical targets. Contrary to atypical targets, the interaction between Priming Context and Prime Typicality was significant, F 1 (1,51) = 4.88, p < .05; F 2 (1,78) = 4.34, p < .05, with a higher semantic priming effect with typical primes (26 ms) than with atypical ones (11 ms). After applying the post-hoc Tukey test by participants (q 1 ) and by items (q 2 ), it appeared that a semantic priming effect was found significantly with typical primes, q 1 (4,51) = 7.28 , p < .001; q 2 (4,78) = 7.57, p < .001, (597 ms for related typical primes, 623 ms for unrelated matching typical primes), but not with atypical ones, q 1 (4,51) = 3.12 , p = .13; q 2 (4,78) = 3.15, p = .12, (604 ms for related atypical primes, 615 ms for unrelated matching atypical primes).

Discussion

Experiment 1 showed a similar-sized semantic priming effect for both atypical and typical primes during the processing of atypical targets on error rates and response times. In contrast, a semantic priming effect was found only with typical primes during the processing of typical targets from response times. These findings did not confirm the hypothesis proposed by [START_REF] Plaut | Relearning after damage in connectionist networks: toward a theory of rehabilitation[END_REF] and [START_REF] Kiran | The role of semantic complexity in treatment of naming deficits: Training semantic categories in fluent aphasia by controlling exemplar typicality[END_REF]. While there was indeed no beneficial effect of prime typicality during the processing of atypical targets, a beneficial effect was found with the typical primes during the processing of typical targets. To evaluate whether the lexical decision task, which is an implicit task not forcing participants to focus attention on semantic information, could have led to divergent findings from those of [START_REF] Plaut | Relearning after damage in connectionist networks: toward a theory of rehabilitation[END_REF] and [START_REF] Kiran | The role of semantic complexity in treatment of naming deficits: Training semantic categories in fluent aphasia by controlling exemplar typicality[END_REF], we conducted a second visual semantic priming experiment during which new participants performed a categorization task that explicitly probed into the semantic level (Experiment 2). < Insert Table 2 here 

Material and procedure

The stimulus sets and sequence of events remained identical to those in Experiment 1 except for the task. Participants were instructed to indicate, as quickly and accurately as possible, whether the target stimulus belonged to the same category as the prime or not.

The button responses were counterbalanced across participants. For the purposes of the task, we removed the additional unrelated prime-target word pairs and the word-pseudoword pairs, so that the responses "same category" and "different categories" presented the same probability. The four lists were composed of 160 word-word pairs, which were divided into five blocks (i.e., 32 trials per block, with randomized trial order within each block; 4 breaks) and were preceded by 8 practice trials. As in Experiment 1, participants reported that they had consciously recognized the letters of primes (mean hit rates: .92; mean false alarm rates: .1).

Results

As in Experiment 1, items giving rise to more than 30% of errors were excluded from the analyses (seventeen items). Response times (RTs) longer than 2590 ms (based on RT distribution, see [START_REF] Baayen | Frequency effects in regular inflectional morphology: Revisiting Dutch plurals[END_REF] in correct trials and those greater than three standard deviations above and below the participant's overall responses were excluded from the analyses (in total, 3.1%). In addition, analyses on error rates were conducted for each type of target. Mean error rates and RTs are shown in Table 3. A main effect of Priming Context was found on atypical targets, F 1 (1,55) = 134.24, p < .001; F 2 (1,65) = 115.32, p < .001. Interestingly, a significant interaction between Priming Context and Prime Typicality was found, F 1 (1,55) = 24.48, p < .001; F 2 (1,65) = 12.05, p < .001. We reported a simple effect analysis comparing YES responses (related primes and targets belonging to the same category) and another comparing NO responses (unrelated control and targets belonging to different categories). After applying the post-hoc Tukey test by participants (q 1 ) and by items (q 2 ), it appeared that participants' performances were better when atypical targets were preceded by semantically related typical primes than by semantically related atypical primes, q 1 (4,55) = 10.4 , p < .001; q 2 (4,65) = 7.42, p < .001, (21.2% for related typical primes; 32.5% for related atypical primes). On the contrary, they were identical when atypical targets were preceded by unrelated primes that matched either with typical primes or atypical primes, q 1 (4,55) = 0.5 , p > .2; q 2 (4,65) = 0.48, p > .2, (3.6% for unrelated matching typical primes, 4.1% for unrelated matching atypical primes). Since no significant difference was found between the two types of unrelated primes, we then reported the statistical results after post-hoc Tukey comparisons between the related and unrelated conditions by participants (q 1 ) and by items (q 2 ). A negative semantic priming effect between related and unrelated context was observed independently of the typicality of primes (for typical primes, q 1 (4,55) = 16.29 , p < .001; q 2 (4,65) = 10.69, p < .001; for atypical primes, q 1 (4,55) = 26.19 , p < .001; q 2 (4,65) = 17.63, p < .001). This negative semantic priming effect was smaller with typical primes than with atypical ones (respectively, 17.6% and 28.4% of errors more than in the unrelated priming context), t 1 (55) = 4.94, p < .001, t 2 (65) = 3.47, p < .001. Similar to atypical targets, a main effect of Priming Context, F 1 (1,55) = 86.87, p < .001; F 2 (1,77) = 65.11, p < .001, and a significant interaction Priming Context x Prime Typicality, F 1 (1,55) = 128.29, p < .001; F 2 (1,77) = 60.21, p < .001, were found for typical targets. After applying the posthoc Tukey test by participants (q 1 ) and by items (q 2 ), it appeared that participants' performances were better when typical targets were preceded by semantically related typical primes than by semantically related atypical primes, q 1 (4,55) = 23.86 , p < .001; q 2 (4,77) = 16.35, p < .001, (5.7% for related typical primes; 27.3% for related atypical primes). On the contrary, performances were identical when typical targets were preceded by unrelated primes that either matched with typical primes or atypical primes, q 1 (4,55) = 1.2 , p > .2; q 2 (4,77) = 0.83, p > .2, (3.3% for unrelated matching typical primes, 4.4% for unrelated matching atypical primes). Moreover, whereas a negative semantic effect between related and unrelated context was observed when typical targets were preceded by atypical primes, q 1 (4,55) = 25.28 , p < .001; q 2 (4,77) = 17.31, p < .001, (27.3% for related atypical primes, 4.4% for unrelated matching atypical primes), no significant semantic effect between related and unrelated context was found when typical targets were preceded by typical primes, q 1 (4,55) = 2.6 , p > .2; q 2 (4,77) = 1.79, p > .2, (5.7% for related typical primes, 3.3% for unrelated matching typical primes). There were 22.9% errors in the related context more than in the unrelated one when typical targets were preceded by atypical primes. Consistent with error rates, separate analyses on RTs were conducted on each type of target. A main effect of Priming Context and a significant interaction Priming Context x Prime Typicality were found on atypical targets, respectively F 1 (1,55) = 4.81, p < .05;

F 2 (1,65) = 7.1, p < .01; F 1 (1,55) = 22.77, p < .001; F 2 (1,65) = 15.31, p < .001. The post-
hoc Tukey test by participants (q 1 ) and by items (q 2 ) was performed to interpret the significant interaction. Response times were shorter when atypical targets were preceded by semantically related typical primes than by semantically related atypical primes, q 1 (4,55) = 8.81 , p < .001; q 2 (4,65) = 7.55, p < .001, (946 ms for related typical primes; 1062 ms for related atypical primes). Response times did not significantly differ between the two types of unrelated primes, q 1 (4,55) = 0.73 , p > .2; q 2 (4,65) = 0.27, p > .2, (977 ms for unrelated matching typical primes, 968 ms for unrelated matching atypical primes). Moreover, whereas response times were longer when atypical targets were preceded by semantically related atypical primes than by unrelated primes, q 1 (4,55) = 7.15 , p < .001; q 2 (4,65) = 7.74, p < .001, (94 ms more than unrelated matching atypical primes), they did not significantly differ between semantically related typical primes and unrelated primes, q 1 (4,55) = 2.39 , p > .2; q 2 (4,65) = 0.09, p > .2. Similar to atypical targets, a main effect of Priming Context and a significant interaction Priming Context x Prime Typicality were found on typical targets, respectively F 1 (1,55) = 12.76, p < .05; F 2 (1,77) = 3.81, p = .05; F 1 (1,55) = 90.7, p < .001; F 2 (1,77) = 44.68, p < .001. After applying the post-hoc Tukey test by participants (q 1 ) and by items (q 2 ), it appeared that response times were shorter when typical targets were preceded by semantically related typical primes than by semantically related atypical primes, q 1 (4,55) = 19.59 , p < .001; q 2 (4,77) = 13.37, p < .001, (803 ms for related typical primes; 982 ms for related atypical primes). Response times did not significantly differ between the two types of unrelated primes, q 1 (4,55) = 0.54 , p > .2; q 2 (4,77) = 0.003, p > .2, (943 ms for unrelated matching typical primes, 948 ms for unrelated matching atypical primes). In addition, whereas response times were longer when typical targets were preceded by semantically related atypical primes than by unrelated primes, q 1 (4,55) = 4.71 , p < .05; q 2 (4,77) = 4.46, p < .05, (34 ms more than unrelated matching atypical primes), they were shorter when typical targets were preceded by semantically related typical primes than by unrelated primes, q 1 (4,55) = 15.3 , p < .001; q 2 (4,77) = 8.91, p < .001, (140 ms less than unrelated matching typical primes).

< Insert Table 3 here > Discussion

Unlike in Experiment 1, the processing of typical primes was more beneficial to the processing of targets than that of atypical primes in Experiment 2, regardless of the typicality of the targets. This advantage of target processing due to typical primes took the form of a facilitation of processing with respect to atypical primes. Moreover, it produced a reduction in negative semantic priming effect on error rates and a facilitation of semantic priming effect on response times. This pattern was particularly evident when the target and the prime were typical. In that case, a negative semantic priming effect on error rates disappeared and a semantic priming effect, facilitating the processing of targets, was observed from response times. A categorization task is not usually used in the semantic priming paradigm, although it is very relevant when the nature of the semantic relationship to be explored is categorical. To confirm the beneficial effect of typical primes and their impact of priming effects, we conducted a third semantic priming experiment with another explicit task that probed into the semantic level. Instead of a categorization task, we used a semantic judgment task. 

Material and procedure

The stimulus sets and the procedure were identical to those in Experiment 2 except for the task. Participants had to decide, as quickly and accurately as possible, whether the prime and the target were semantically related. The experimental session ended with the prime visibility test. As in Experiments 1 and 2, the hit rates of prime recognition (mean hit rates: .92) were substantially higher than the false-alarm rates (mean false alarm rates: .09). At the end of the prime visibility test, all participants reported that they had consciously recognized the letters of primes.

Results

As in Experiment 2, items giving rise to more than 30% of errors were excluded from the analyses (twelve items). Response times (RTs) longer than 3035 ms (based on RT distribution, see [START_REF] Baayen | Frequency effects in regular inflectional morphology: Revisiting Dutch plurals[END_REF] in correct trials and those greater than three standard deviations above and below the participants' overall responses were excluded from the analyses (in total, 3.5%). Analyses on error rates were conducted for each type of target. On atypical targets, a main effect of Priming Context, F 1 (1,53) = 227.94, p < .001; F 2 (1,68) = 157.62, p < .001, and a significant interaction Priming Context x Prime Typicality, F 1 (1,53) = 23.82, p < .001; F 2 (1,68) = 19.37, p < .001, were found. Moreover, participants' performances were better when atypical targets were preceded by semantically related typical primes than by semantically related atypical primes, q 1 (4,53) = 9.09 , p < .001; q 2 (4,68) = 8.18, p < .001, (21.1% for related typical primes; 32.6% for related atypical primes), as shown in Table 4. On the contrary, they were identical when atypical targets were preceded by unrelated primes that either matched with typical primes or atypical primes, q 1 (4,53) = 0.67 , p > .2; q 2 (4,68) = 0.62, p > .2, (2.3% for unrelated matching typical primes, 1.5% for unrelated matching atypical primes). Additionally, the negative semantic priming effect was observed independently of the typicality of primes (for typical primes, q 1 (4,53) = 14.69 , p < .001; q 2 (4,68) = 13.75, p < .001; for atypical primes, q 1 (4,53) = 24.46 , p < .001; q 2 (4,68) = 22.55, p < .001). This negative semantic priming effect was smaller with typical primes than with atypical ones (respectively, 18.8% and 31.1% of errors more than with the unrelated priming context), t 1 (53) = 4.88, p < .001, t 2 (68) = 4.4, p < .001. Similar to atypical targets, a main effect of Priming Context, F 1 (1,53) = 88.36, p < .001; F 2 (1,78) = 61.29, p < .001, and a significant interaction Priming Context x Prime Typicality, F 1 (1,53) = 132.2, p < .001; F 2 (1,78) = 60.47, p < .001, were found for typical targets. Moreover, participants' performances were better when typical targets were preceded by semantically related typical primes than by semantically related atypical primes, q 1 (4,53) = 24.28 , p < .001; q 2 (4,78) = 16.49, p < .001, (4.2% for related typical primes; 26.4% for related atypical primes), as shown in Table 4. On the contrary, they were identical when atypical targets were preceded by unrelated primes that either matched with typical primes or atypical primes, q 1 (4,53) = 1.28 , p > .2; q 2 (4,78) = 0.94, p > .2, (2.6% for unrelated matching typical primes, 3.7% for unrelated matching atypical primes). Besides, whereas a negative semantic priming effect between related and unrelated context was observed when typical targets were preceded by atypical primes, q 1 (4,53) = 24.84 , p < .001; q 2 (4,78) = 16.85, p < .001, (26.4% for related atypical primes, 3.7% for unrelated matching atypical primes), no significant semantic priming effect between related and unrelated context was found when typical targets were preceded by typical primes, q 1 (4,53) = 1.84 , p > .2; q 2 (4,78) = 1.3, p > .2, (4.2% for related typical primes, 2.6% for unrelated matching typical primes). There were 22.7% errors in the related context more than in the unrelated one when typical targets were preceded by atypical primes. Similar to error rates, separate analyses on RTs were conducted on each type of target.

A significant interaction Priming Context x Prime Typicality was found on atypical targets, F 1 (1,53) = 65.8, p < .001; F 2 (1,68) = 19.17, p < .001. Although a main effect of Priming Context was found in the items' analysis, F 2 (1,68) = 7.03, p < .01, this effect was not observed in the participants' analysis, F 1 (1,53) = 1.96, p = 0.17. Response times were shorter when atypical targets were preceded by semantically related typical primes than by semantically related atypical primes, q 1 (4,53) = 17.02 , p < .001; q 2 (4,68) = 9.34, p < .001, (1035 ms for related typical primes; 1219 ms for related atypical primes). Response times did not significantly differ between the two types of unrelated primes, q 1 (4,53) = 0.79 , p > .2; q 2 (4,68) = 0.59, p > .2, (1091 ms for unrelated matching typical primes, 1100 ms for unrelated matching atypical primes). Moreover, whereas response times were longer when atypical targets were preceded by semantically related atypical primes than by unrelated primes, q 1 (4,53) = 11.03 , p < .001; q 2 (4,68) = 7.22, p < .001, (119 ms more than unrelated matching atypical primes), they were shorter when atypical targets were preceded by semantically related typical primes than by unrelated primes, q 1 (4,53) = 5.19 , p < .01; q 2 (4,68) = 5.54, p < .01, (56 ms less than unrelated matching typical primes).

As for typical targets, a main effect of Priming Context and a significant interaction Priming Context x Prime Typicality were found, respectively F 1 (1,53) = 23.03, p < .001; F 2 (1,78) = 13.31, p < .001; F 1 (1,53) = 57.33, p < .001; F 2 (1,78) = 52.27, p < .001.

After applying the post-hoc Tukey test by participants (q 1 ) and by items (q 2 ), it appeared that response times were shorter when typical targets were preceded by semantically related typical primes than by semantically related atypical primes, q 1 (4,53) = 15.58 , p < .001; q 2 (4,78) = 14.79, p < .001, (874 ms for related typical primes; 1057 ms for related atypical primes). Response times did not significantly differ between the two types of unrelated primes, q 1 (4,53) = 0.44 , p > .2; q 2 (4,78) = 0.33, p > .2, (1052 ms for unrelated matching typical primes, 1057 ms for unrelated matching atypical primes). In addition, whereas response times were shorter when typical targets were preceded by semantically related typical primes than by unrelated primes, q 1 (4,53) = 15.15 , p < .001; q 2 (4,78) = 11.86, p < .001, (178 ms less than unrelated matching atypical primes), they did not differ between semantically related atypical and unrelated primes, q 1 (4,53) = 0.007 , p > .2; q 2 (4,78) = 2.6, p > .2.

< Insert Table 4 here > Discussion

As in Experiment 2, the processing of typical primes was more beneficial to the processing of targets than that of atypical primes, regardless of the typicality of the targets. In particular, the pattern observed on error rates was identical to that found in Experiment 2, the advantage due to typical primes on target processing being shown by a reduction in the negative semantic priming effect. On the contrary, the pattern of response times observed in Experiment 2 was somewhat different from that found in Experiment 3. During the processing of atypical targets in Experiment 3, a negative semantic priming effect was found when atypical targets were preceded by semantically related atypical primes with respect to the matching unrelated condition, while a facilitatory semantic priming effect was observed when atypical targets were preceded by semantically related typical primes with respect to the matching unrelated condition.

Although a negative semantic priming effect was also found when atypical targets were preceded by semantically related atypical primes in Experiment 2, there was no facilitatory effect in semantic priming due to the typical primes. The semantic judgment task in Experiment 3 seemed to reveal the semantic level differently from the categorization task. In addition, we observed a negative semantic priming effect when typical targets were preceded by semantically related atypical primes compared to the matching unrelated condition in Experiment 2, an effect that was not found in Experiment 3. The semantic judgment task facilitated the detection of features common to primes and targets, while the categorization task forced participants to focus on the nature of these shared features, thereby forming a semantic category. Taken together, in the tasks probing explicitly the semantic level, typical primes facilitated the processing of targets compared to atypical primes. Meta-analyses have already shown that semantic similarity affects the strength of semantic priming effects [START_REF] Hutchison | Is semantic priming due to association strength or feature overlap? A microanalytic review[END_REF][START_REF] Lucas | Semantic priming without association: A meta-analytic review[END_REF]. To show whether the semantic priming effects observed in the three preceding experiments are coherent with the notion of semantic similarity, we measured the latter for each prime-target pair using a Likert-type rating scale.

Experiment 4: Semantic similarity measures

Method

One hundred and twenty-one native French-speaking participants different from those included in the three semantic priming experiments performed a semantic similarity task between both words in a prime-target pair using a Likert-type rating scale on which 1 = unrelated and 7 = very strongly related.

Results

Results with the semantic similarity task are displayed in Table 5. We performed the same statistical analyses on values of semantic similarity as those in the preceding experiments. On pairs with atypical targets, the analysis revealed a main effect of Priming Context, F(1,79) = 1674.73, p < .001, and a significant interaction between priming context and typicality of primes, F(1,79) = 16.83, p < .001. After applying the post-hoc Tukey test, we could interpret the significant interaction Priming Context x Prime Typicality. The values of semantic similarity were greater with semantically related typical primes than with semantically related atypical primes, q(4,79) = 9 , p < .001, (5.82 with semantically related typical primes, 5.18 with semantically related atypical primes). No significant difference in semantic similarity was found between the unrelated prime pairs, q(4,79) = 0.79 , p > .2, (1.34 with unrelated matching typical primes; 1.29 with unrelated matching atypical primes). Moreover, the difference in semantic similarity between unrelated and related pairs was greater with typical prime pairs (difference in semantic similarity: 4.48) than with atypical prime pairs (difference in semantic similarity for atypical targets: 3.89, t(79) = 6.92, p < .001). Similar to pairs with atypical targets, a main effect of Priming Context, F(1,79) = 3644.17, p < .001, and a significant interaction between the priming context and the typicality of primes, F(1,79) = 47.9, p < .001, were found for pairs with typical targets. Moreover, the values of semantic similarity were greater with semantically related typical primes than with semantically related atypical primes, q(4,79) = 13.81 , p < .001, (6.62 with semantically related typical primes, 5.72 with semantically related atypical primes). No significant difference in semantic similarity was found between the unrelated prime-target pairs, q(4,79) = 0.05 , p > .2, (1.32 with both unrelated conditions). Additionally, the difference in semantic similarity between unrelated and related pairs was greater with typical prime pairs (difference in semantic similarity for typical targets: 5.3) than with atypical prime pairs (difference in semantic similarity for typical targets: 4.4, t(79) = 4.1, p < .001).

< Insert Table 5 here > Discussion

Taken together, these results are somewhat convergent with those of our semantic priming experiments. Interestingly, the assessment of semantic similarity was influenced by the typicality of primes. The condition with the strongest semantic similarity was the typical prime-typical target pairs (6.62), a condition with the most efficient processing in the three priming experiments with regard to the value of semantic priming effects. Nonetheless, the findings in Experiments 2 and 3 appear to be more coherent with the semantic similarity measures than those found in Experiment 1.

For instance, in Experiment 1, the semantic priming effects were not affected by the typicality of primes during the processing of atypical targets, whereas the values of semantic similarity were greater with typical prime pairs than with atypical prime pairs. On the contrary, the semantic priming effects observed in Experiments 2 and 3 were affected by the typicality of primes for both atypical and typical targets, as in the semantic similarity measures.

General Discussion

Three semantic priming experiments were conducted with conscious presentations of primes in a lexical decision task, a categorization task, or a semantic judgment task. In the lexical decision task, the same size of semantic priming effect was observed for typical and atypical primes during the processing of atypical targets. On the contrary, a semantic priming effect was found only with typical primes during the processing of typical targets. In the categorization and semantic judgment tasks, the typical primes facilitated the processing of targets with respect to atypical primes.

Moreover, this advantage of target processing produced a reduction in negative semantic priming effect on error rates and a facilitation of semantic priming effect on response times. Altogether, our findings point to an advantage of the processing of typical primes as compared to that of atypical primes.

In an implicit task when participants were not forced to focus attention on semantic information between the prime and the target (i.e., in lexical decision task), the initial processing of an atypical prime (with shared and specific features) was no more effective than that of a typical prime (with many shared features) during the processing of atypical targets. More exactly, the semantic priming effect observed during the processing of atypical target seems to be induced by shared features within semantic categories given by both atypical and typical primes, since the same size of semantic priming effect was observed for typical and atypical primes. During the processing of typical targets, it appeared that sharing many features with the members of the category caused a facilitatory effect of semantic priming. Whereas the typicality of primes affected the processing of targets only for typical targets in the lexical decision task, the typicality of primes strongly influenced the processing of atypical and typical targets in the categorization and semantic judgment tasks. In these two tasks explicitly probing the semantic level, sharing some features with the members of the category between the prime and the target made it more difficult to decide whether a target was semantically related with a prime or belonged to the same category than to decide whether a target was not semantically related or did not belong to the same category. Interestingly, judgments of category-or semantic-relatedness were improved when the prime was typical with respect to atypical primes. The negative semantic priming caused by the difficulty to decide whether a target was semantically related with a prime or belonged to the same category was reduced on error rates when the prime was typical during the processing of atypical and typical targets. One may wonder whether this reduction in the negative semantic priming could simply be elicited when one member of a category is typical, independently of whether the member is presented as a prime or a target. However, supplementary analyses showed that the size of the negative semantic priming effect on error rates differed significantly between typical primes-atypical targets and atypical primes-typical targets in categorization and semantic judgment tasks. Therefore, the improvement in judgments of category-or semantic-relatedness was indeed due to the typicality of primes. Moreover, when both the target and the prime were typical, the negative semantic priming effect on error rates disappeared and a semantic priming effect facilitating the processing of targets was observed in response times. We therefore hypothesize that the main representative features provided by the typical primes and shared with the typical targets strengthen the beneficial effect of prime typicality on the recognition of targets compared to atypical primes. These findings are thus not consistent with the view proposed by [START_REF] Plaut | Relearning after damage in connectionist networks: toward a theory of rehabilitation[END_REF] and [START_REF] Kiran | The role of semantic complexity in treatment of naming deficits: Training semantic categories in fluent aphasia by controlling exemplar typicality[END_REF]. Their theory [START_REF] Kiran | Treatment of category generation and retrieval in aphasia: Effect of typicality of category items[END_REF] was that "training items at the periphery would strengthen a more distributed set of featural representations of items that help fulfill the goal of the category, whereas training featural representations of items at the center of the category would reinforce only the core features that fulfill the goal but not the featural variations". If we extend this view to the spreading activation between the prime and the target, it could be predicted that the processing of typical and atypical targets in semantic priming would be facilitated by semantically related primes. This facilitation should be greater with atypical primes that have shared and specific features. The fact that we did not find this pattern in the three tasks could be because the stimuli belonged to 20 semantic categories. [START_REF] Plaut | Relearning after damage in connectionist networks: toward a theory of rehabilitation[END_REF] used only one semantic category for simulation and [START_REF] Kiran | The role of semantic complexity in treatment of naming deficits: Training semantic categories in fluent aphasia by controlling exemplar typicality[END_REF] and [START_REF] Kiran | Typicality of inanimate category exemplars in aphasia treatment: Further evidence for semantic complexity[END_REF] used only two. Exposure to a low number of semantic categories could be advantageous when processing atypical members, since the latter are situated at the periphery of the semantic category, thereby creating a boundary. When participants are exposed to many semantic categories, they could tend to differentiate them more on the basis of their tendency towards a central meaning than on their semantic variation. This could explain the divergent findings between the present study and those by [START_REF] Plaut | Relearning after damage in connectionist networks: toward a theory of rehabilitation[END_REF] and [START_REF] Kiran | The role of semantic complexity in treatment of naming deficits: Training semantic categories in fluent aphasia by controlling exemplar typicality[END_REF]. Moreover, [START_REF] Plaut | Relearning after damage in connectionist networks: toward a theory of rehabilitation[END_REF] and [START_REF] Kiran | The role of semantic complexity in treatment of naming deficits: Training semantic categories in fluent aphasia by controlling exemplar typicality[END_REF] targeted learning and informationretrieval processes in semantic memory with connectionist networks or patients, whereas we investigated information-retrieval processes in semantic memory with healthy individuals taking word recognition tasks. Interestingly, studies exploring the relearning of members within a semantic category in patients [START_REF] Kiran | Typicality of inanimate category exemplars in aphasia treatment: Further evidence for semantic complexity[END_REF][START_REF] Kiran | The role of semantic complexity in treatment of naming deficits: Training semantic categories in fluent aphasia by controlling exemplar typicality[END_REF][START_REF] Kiran | Treatment of category generation and retrieval in aphasia: Effect of typicality of category items[END_REF] showed that training on typical items produced rapid results on trained typical items with limited generalization while training on atypical items produced slower results on trained atypical items with enhanced generalization on untrained typical and atypical items. The enhanced generalization of untrained items within one category was thus triggered by the repeated exposure on a variety of atypical items. Therefore, we hypothesize that exposure to single-item trials, as in the semantic priming paradigm, might not induce a beneficial effect of the initial processing of an atypical item on the recognition of a target by activating the representations of category features.

In studies investigating information-retrieval processes in the semantic memory of healthy populations, the advantage of processing typical primes is in line with previous findings obtained in category membership verification tasks [START_REF] Hampton | Associative and similarity-based processes in categorization decisions[END_REF][START_REF] Larochelle | Determinants of response-times in the semantic verification task[END_REF][START_REF] Mervis | Categorization of natural objects[END_REF][START_REF] Räling | On the influence of typicality and age of acquisition on semantic processing: Diverging evidence from behavioural and ERP responses[END_REF][START_REF] Smith | Structure and processing semantic memory: a featural model for semantic decisions[END_REF]. When a member of a category (e.g., dog) belongs to a given category (e.g., mammal), faster reaction times are observed for typical than for atypical members. This finding is consistent with the spreading activation theory [START_REF] Collins | A spreading-activation theory of semantic processing[END_REF], the prototype model [START_REF] Rosch | Cognitive representations of semantic categories[END_REF], and with distributed feature-based models [START_REF] O'connor | Conceptual Hierarchies in a Flat Attractor Network: Dynamics of Learning and Computations[END_REF].

According to the spreading activation theory, a high typicality member has a stronger direct link to its superordinate semantic category in addition to multiple shared features than a low typicality member, which has a weak direct link to its superordinate semantic category. In the prototype model [START_REF] Rosch | Cognitive representations of semantic categories[END_REF], the members of a given category are distributed at greater or lesser distances from its core according to the number of features shared by a given member and the prototype. This means that the members near the core are typical while the members on the periphery are atypical. Lesser distances according to the number of features shared between a given member and the prototype should explain the ability to verify whether a member belongs to a given semantic category. Distributed feature-based models make the same prediction but propose that a typical member and its semantic category share many representative features while an atypical member and its semantic category share fewer features.

Unlike category membership verification tasks, the magnitude of priming does not increase with the typicality of members when their semantic category is presented as a prime in a semantic priming paradigm with simulated or empirical studies [START_REF] O'connor | Conceptual Hierarchies in a Flat Attractor Network: Dynamics of Learning and Computations[END_REF][START_REF] Schwanenflugel | Interlingual semantic facilitation: Evidence for a common representational system in the bilingual lexicon[END_REF]. It thus appears that the demands of paradigms strongly affect the way in which the relationship between the superordinate semantic category and its members can be established. It may be assumed that according to the demands of the paradigms tested in the semantic priming and category membership verification tasks, the participants focused more on the general shared features between the superordinate semantic category and its members in the semantic priming paradigm when the superordinate semantic category was presented as a prime. When we investigated how the typicality of a member of a given semantic category affects the recognition of another member within the same category, the prime which provides shared representative features within a given semantic category seemed to facilitate the processing of the target. This was particularly evident in the two tasks explicitly probing the semantic level. This effect on semantic priming was coherent with semantic similarity between items within pairs. However, the semantic priming effects cannot be explained only by semantic similarity, since the difference in semantic similarity between unrelated and related pairs with typical primes and atypical targets was identical to that with atypical primes and typical targets. In addition to semantic similarity which is known to affect the strength of semantic priming effects [START_REF] Hutchison | Is semantic priming due to association strength or feature overlap? A microanalytic review[END_REF][START_REF] Lucas | Semantic priming without association: A meta-analytic review[END_REF], the frequency of lexical co-occurrence appears to modulate semantic priming effects (e.g., [START_REF] Brunellière | Co-occurrence frequency evaluated with large language corpora boosts semantic priming effects[END_REF]. For example, co-occurrence frequency was found to boost semantic priming effects [START_REF] Brunellière | Co-occurrence frequency evaluated with large language corpora boosts semantic priming effects[END_REF]. However, since this variable was controlled between the prime-target pairs in the present study, its influence may be ruled out. Moreover, the three tasks provided some assumptions about the use of shared semantic features between members varying as a function of task demands. The categorization task seemed to produce a finer analysis of shared semantic features and their nature. 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 while keeping the letter positions [START_REF] Coltheart | Access to the internal lexicon[END_REF]. 

  healthy native French speakers with normal or corrected-to-normal vision took part in this experiment and had not participated in Experiment 1. They were recruited at the University of Lille. They included 43 women and 13 men with a mean age of 20.8 years (range = 17-29 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.

Experiment 3 :

 3 Semantic judgment taskMethod ParticipantsFifty-four healthy native French speakers with normal or corrected-to-normal vision took part in this experiment and had not participated in Experiments 1 or 2. They were recruited at the University of Lille. They included 48 women and 6 men with a mean age of 21.4 years (range = 18-30 years). As in Experiments 1 and 2, 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.

Table 1 .

 1 Main psycholinguistic properties of primes and targets used in Experiments 1, 2, 3, and 4

		Related	Unrelated	Related	Unrelated	Typical	Atypical
		typical	matching	atypical	matching	targets	targets
		primes	with typical	primes	with		
			primes		atypical		
					primes		
	Lexical	25.55	17.70	2.7	3.24	22.03	3.13
	Frequency						
	Word length	5.99	6.03	6.75	6.83	6.53	7.01
	Orthographical	2.95	3.05	2.06	1.48	2.73	1.12
	neighbors						

Table 2 .

 2 Mean error rates and response times (RTs in milliseconds) according to priming conditions, and priming effects in Experiment 1 (standard deviations in parenthesis).

	Typical Targets Errors	Priming effect	RTs	Priming effect on
				on errors		RTs
	Related	typical	0.9 (2)	-0.5 (3.2)	597 (62)	-26 (41)
	primes					
	Unrelated matching	1.4 (2.6)		623 (60)	
	with typical primes				
	Related	atypical	1.3 (2.6)	-0.4 (3.9)	604 (63)	-11 (33)
	primes					
	Unrelated matching	1.7 (2.6)		615 (59)	
	with	atypical				
	primes					
	Atypical Targets Errors	Priming effect	RTs	Priming effect on
				on errors		RTs
	Related	typical	5.8 (6)	-1.5 (7.7)	673 (73)	-12 (53)
	primes					
	Unrelated matching	7.3 (6.8)		685 (71)	
	with typical primes				
	Related	atypical	4.7 (5.8)	-2.9 (8.3)	674 (71)	-10 (45)
	primes					
	Unrelated matching	7.6 (6.9)		684 (66)	
	with	atypical				
	primes					

Table 3 .

 3 Mean error rates and response times (RTs in milliseconds) according to priming conditions, and priming effects in Experiment 2 (standard deviations in parenthesis).

	Typical		Errors	Priming effect on	RTs	Priming effect on
	Targets			errors		RTs
	Related typical	5.7	+2.4 (7.7)	803 (161)	-140 (130)
	primes				
	Unrelated		3.3		943 (189)
	matching	with			
	typical primes			
	Related atypical	27.3	+22.9 (15.5)	982 (197)	+34 (130)
	primes				
	Unrelated		4.4		948 (203)
	matching	with			
	atypical primes			
	Atypical		Errors	Priming effect on	RTs	Priming effect on
	Targets			errors		RTs
	Related typical	21.2	+17.6 (17.2)	946 (174)	-31 (139)
	primes				
	Unrelated		3.6		977 (207)
	matching	with			
	typical primes			
	Related atypical	32.5	+28.4 (16.6)	1062 (224)	+94 (150)
	primes				
	Unrelated		4.1		968 (186)
	matching	with			
	atypical primes			

Table 4 .

 4 Mean rates and response times (RTs in milliseconds) according to priming conditions, and priming effects in Experiment 3 (standard deviations in parenthesis).

	Typical		Errors	Priming effect	RTs	Priming effect
	Targets			on errors		on RTs
	Related	typical	4.2 (6.2)	+1.6 (7.5)	874 (185)	-178 (152)
	primes					
	Unrelated		2.6 (4.1)		1052 (206)	
	matching	with				
	typical primes				
	Related atypical	26.4 (13.5)	+22.7 (14.9)	1057 (197)	0 (170)
	primes					
	Unrelated		3.7 (4.7)		1057 (197)	
	matching	with				
	atypical primes				
	Atypical		Errors	Priming effect	RTs	Priming effect
	Targets			on errors		on RTs
	Related	typical	21.1 (15)	+18.8 (16.2)	1035 (204)	-56 (190)
	primes					
	Unrelated		2.3 (4.2)		1091 (230)	
	matching	with				
	typical primes				
	Related atypical	32.6 (13.7)	+31.1 (14.4)	1219 (251)	+119 (178)
	primes					
	Unrelated		1.5 (3.5)		1100 (234)	
	matching	with				
	atypical primes				

Table 5 .

 5 Semantic similarity according to priming contexts per typicality of primes, and semantic similarity differences between related and unrelated pairs in Experiment 4 (standard deviations in parenthesis).

	Typical Targets	Semantic similarity	Semantic similarity
				difference between related
				and unrelated pairs
	Related typical primes	6.62 (0.5)	5.3 (0.7)
	Unrelated	matching	1.32 (0.4)
	with typical primes	
	Related atypical primes 5.72 (0.9)	4.4 (1.1)
	Unrelated	matching	1.32 (0.6)
	with atypical primes	
	Atypical Targets	Semantic similarity	Semantic similarity
				difference between related
				and unrelated pairs
	Related typical primes	5.82 (0.9)	4.48 (1)
	Unrelated	matching	1.34 (0.6)
	with typical primes	
	Related atypical primes 5.18 (1.1)	3.89 (1.1)
	Unrelated	matching	1.29 (0.5)
	with atypical primes	
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In conclusion, the present study shows an advantage with typical priming but not with atypical priming during the spreading of information activation that occurs between words of the same semantic category.

Footnote

1 One hundred and twenty participants not participating in the three semantic priming experiments declared that they knew the selected words.