
1 Introduction
A key to concept acquisition is the ability to categorize objects, namely, to establish that a perceived entity belongs to a particular group of things that share some important characteristics. Both taxonomic and thematic relations

between objects are considered as essential in this process, as both allow drawing inferences, namely, deriving information not explicitly present in an experiential object. By treating non-identical entities as if they were the same (e.g., both

terriers and Golden Retrievers are dogs), taxonomic relations support inferential generalizations from one entity to another, non-identical, entity (e.g., if terriers are dogs and have a heart, Golden Retrievers, as they are also dogs, also have a
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Abstract

We examined the hypothesis that formal education and literacy impact the richness and precision of semantic knowledge but not the organization of semantic categories and basic mechanisms of access to them.

In Experiment 1, adults of varying levels of formal education were presented with semantic fluency tests and a superordinate naming task. Experiment 2 examined the impact of reading proficiency on adults of varying degrees

of literacy. They were presented with simple semantic, alternating semantic and phonemic fluency tasks, as well as with literacy-related, reasoning and memory tests.

Fluency was analyzed in terms of overall performance, sequential order and speed of responses. Despite lower performance, illiterates and adults with null or limited formal education displayed taxonomic clustering and retrieval

by semantic subcategory, as did participants with higher formal education levels. Yet, formal education and literacy slightly speed up access to categories, probably providing useful cues for generating category exemplars.
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heart). Furthermore, thanks to their hierarchical structure and to the principle of class inclusion, taxonomic categories allow facts known about higher-level concepts to apply to lower ones (e.g., learning that animals have a heart and learning that

alligators are animals allows inferring that alligators have a heart). On their side, by providing “conceptual coherence” [28], thematic relations occurring between entities independently of their intrinsic nature (e.g., functional and spatial relations)

help to generate expectations about events or scenarios (see also [14,55]). For instance, although a leash is not a kind of animal, the fact that leashes are used on animals may help identifying something on a leash as being an animal [28].

According to recent evidence (e.g., [29]), functional features might even be privileged in biological kind classification.

Much recent work focused on how expertise and culture modulate the relative use of thematic vs. taxonomic relations (e.g., [3,37]). According to Estes et al.’sal.׳s review [14], although formal education appears to discourage thematic

thinking (e.g., [30,60,61]), this relationship may vary across cultures. Western cultures emphasize taxonomies by attending to objects and attributes, whereas East Asian cultures emphasize themes by attending to relations and contexts (e.g.,

[43]).

Less attention has been paid to the influence of formal education, including literacy, on the structure of semantic categories and on the mechanisms of access to them. This is probably due to the fact that young, preliterate and/or

preschool, children already show a rich organization of semantic knowledge. Indeed, taxonomic capacities appear very early in development. Three-year olds understand the logic of class inclusion, for instance that car and bike belong to the

superordinate vehicle [33]. Four-year olds can use both thematic (e.g., zoo–elephant) and superordinate (e.g., animal—elephant) relations as recall cues very efficiently [6], and preliterate six-year olds display an auditory semantic priming effect

when primes and targets are either coordinates (e.g., arm–leg) or hierarchically related (e.g., fruit—apple) [46]. Furthermore, in five-year olds, categorical relations lead to more false recognitions of a probe in a sentence than the part—whole

relationship [32]. Notably, these children are more affected when the probe is a superordinate than when it is a subordinate. This directional effect argues against the interpretation that they simply learned category names as synonyms (e.g.,

Lassie, dog and animal as alternative names).

Nevertheless, none of these findings disproves a significant impact of formal education and literacy on semantic knowledge. In the present study, we examined the hypothesis according to which semantic representations and

processing strategies are qualitatively the same whatever the formal education and literacy level, despite the fact that the richness and precision of knowledge (henceforth, content knowledge) are augmented by increased education and literacy.

Under this view, learning in the classroom, and in particular science learning, as well as activities linked to literacy (reading books, magazines, etc.), would thus only impact on content knowledge but not on the structure of semantic categories,

including their hierarchical organization, or on the basic mechanisms of access to these categories.

Though seemingly simple, this idea is difficult to examine. In developmental studies, literate children with higher levels of formal education are typically older than children who are preliterate and have received less formal education,

leading to confound with neural maturation or other cognitive abilities developing with age (e.g., executive functions, including cognitive flexibility [22]). Actually, estimating the effect of formal education and literacy requires comparing groups of

adults of varying levels of formal education and literacy, including, ideally, adults who are completely illiterate as they have never attended school due to socioeconomic reasons.

Several studies examined such populations in semantic fluency tasks, in which participants are asked to generate words belonging to a specific taxonomic category, for instance animals. This task is widely used in cognitive

psychology and neuropsychological assessment because it provides useful information about both retrieval strategies and lexico-semantic networks [42,63]. Indeed, although words are not concepts in any simple sense (e.g., [31]), sequences

of word retrieval (e.g., listing animal names) are taken as reflecting the way entities are represented in conceptual memory, including their hierarchical taxonomic organization.

Among the various measures of fluency performance, the number of words generated obviously depends on content knowledge, and several studies showed indeed that people having no formal education (in all studies, illiterate

unschooled adults) provide far less responses than formally educated people in semantic fluency tasks [8,10,17,23,48,50,62] (see [34] for similar results on unschooled vs. age-matched schooled children). Although both the ecological or

cultural relevance of the chosen semantic criteria and the level of reference to concrete knowledge and specific situations modulate performance [17,51,57,56], an impact of formal education has been reported even in an ecologically relevant,

concrete version of the task [62], when participants were asked to name things or food items that can be bought at the supermarket. Other measures that depend on content knowledge also vary with level of education. This is the case for

instance of the number of subcategories generated for animals, e.g., pets, insects, birds, fishes, reptiles, etc. [8,17]. In addition to these quantitative differences, some qualitative differences may be expected, as different levels of education are

associated with different social-cultural backgrounds. This may affect typicality responses, reflected in fluency tasks by the ordering of members within categories, with more typical members named first [21,53]. In children, it has been shown

that socioeconomic status and associated specific experiences influence typicality responses, at least with categories that are related to exposure to formal contexts, such as animals [74]. Similarly, illiterate adults do not mention the same

prototypical animal as participants with higher levels of education [8].

Whether formal education and literacy also impact on the very structure and mechanisms of access to semantic categories has seldom been explored and seems to depend on the aspects of performance examined in fluency tasks.

When participants are asked to freely generate a list of words corresponding to a given taxonomic category, e.g., animals, they tend to produce these words in clusters, namely in groups of words belonging to the same subcategory, like pets,

insects, birds, water animals, etc. [7,18]. This clustering component involved in fluency reflects the search in memory for relevant subcategories. It is dissociable from another aspect of performance, called switching, which has been defined as

the ability to search intentionally for new subcategories and switch effectively from one subcategory to another once a subcategory is exhausted [69]. This requires specific cognitive control processes indicative of flexibility and identified as

shifting [39], and hence is linked to executive processes [69,70]. For formally educated individuals, switching and clustering would contribute equally to performance in semantic fluency, and would be independent of each other [67,69].
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Up to now, the data on the influence of formal education and literacy on these two components of fluency performance are scarce and somewhat abstruse. Clustering may be estimated through several measures. Among them, cluster

size (i.e., the number of consecutively generated words belonging to the same semantic sub-category) would measure the ability to produce related words within a given semantic subcategory [69]. This measure has been reported to be similar

in illiterate and literate (schooled) adults [17,23], despite the fact that overall performance was augmented by increased education (see also [24]). Results are less clear as regards the number of clusters, which was observed to vary with formal

education level in some studies [17] but not in others [8], and the number of isolated words, which in one study [17] was reported as being higher in literates compared to illiterates. As regards the number of switches between subcategories, it

seems to be lower in illiterates than in literates [8,17,24], although the effect of formal education on this measure may vary as a function of category, being for instance stronger for animals than for fruits [56]. However, the impact of formal

education and literacy on executive processes, in particular on shifting, remains unclear, as it has not always been observed [40].

In addition, there is a debate on which measures are more appropriate to examine the clustering and switching components. Two main types of methodological problems have been identified. The first one is that some of the measures

strongly depend on total output. This is the case for instance of switching [13], traditionally calculated as the number of transitions between clusters. To avoid this problem, Tr öster et al. [66] proposed to calculate the proportion of switches,

i.e., the number of switches adjusted on total output. Yet, the significance and usefulness of this measure has been questioned (e.g.. [66,68]), including because it can lead to floor effects and distortion of the data for low output [1]. Although

this has rarely been debated, a similar problem arises with all other measures correlated with total output. In fact, for such measures, it would be more appropriate to statistically control for total output by computing partial correlations (or run

covariance analyses) [1].

Second, as a consequence of the timed nature of the fluency task, switching and clustering are mutually exclusive [1] and hence their measures are negatively correlated with each other (e.g., [69]). Thus, as commented on by

Abwender et al. [1, p. 326–327], switching might actually “reflect nothing more than the absence of the ability to cluster (i.e., extremely restricted access to semantic subcategories), especially if the switch occurs between two nonclustered

words”. This is a problem in several studies, including with illiterates adults [8,17], in which the number of switches was calculated based on the total number of transitions between clusters, including single words. According to Abwender et al.,

only cluster switches (CS), namely the transitions between adjacent clusters defined in their study as including at least two words (and not hard switches, i.e., the transitions between clusters and single-word responses or between two single-word

responses) would reflect executive processes, in particular mental flexibility.

In addition to these methodological problems linked to the scoring procedure, other researchers have a different view on how semantic processes and executive control affect semantic fluency. For instance, Mayr and Kliegl [36]

suggested that the time for every act of retrieval contains two additive components: one executive and the other semantic in nature. The executive component reflects aspects like updating the current search criterion and stopping or initiating

single retrieval processes. It is assumed to be relatively constant, no matter whether it occurs within vs. between clusters, or early vs. late in the recall sequence. In contrast, the semantic component reflects the actual semantic search

demands, including relatively automatic spreading activation in the semantic network. By this view, between-cluster retrieval should simply require more of the same semantic processing than within-cluster retrieval.

Irrespective of which model will ultimately prove correct, a better way to examine semantic processing would thus be to consider also time measures (see also [35]). For instance, the number of switches not only depends on the

difficulty with accessing a new semantic cluster, but is also reduced in case of difficulties to come up with new words within clusters: the more time spent for retrieval within a cluster, the less time remains for accessing new clusters. Hence, a

group difference in number of switches could imply that what is prolonged is either the duration of each switch or the duration of each retrieval (no matter whether it occurs within or between clusters). It would thus be interesting to compare the

retrieval times for the words generated within a cluster with the retrieval times between clusters. Critically, in formally educated people, the former are shorter than the latter, reflecting retrieval by subcategory (e.g., [18,22]; see reviews in

[36,75]). Yet, a more pronounced switching time cost might reflect specific difficulties linked to executive processes.

In addition, computing the retrieval-position function, namely the interword retrieval time as a function of the position of a word within the recall sequence (independently of the fact that it is an intra- or inter-category response), may

provide a relatively pure estimate of semantic difficulty. In particular, the slope of the search function may be an indicator of semantic processing efficiency [36], as there is a very well-known reduction in the production rate as a function of time

[7] (for a review, see [75]), which is observed in all education groups, even in illiterate adults [8]. According to Mayr and Kliegl [36], demands on semantic processing proper would increase as a function of recall position, whereas demands on

executive processes should stay relatively constant across recall positions.

Furthermore, it may be useful to also distinguish task-consistent and task-discrepant clustering. Indeed, many studies have shown that two types of clusters, phonemic and semantic, are found in semantic fluency (e.g., [26,47]).

Abwender et al. [1] argued that task-discrepant clustering (phonemic clustering on semantic fluency), even if less frequent, reflects a more deliberate strategy than task-consistent clustering (semantic clustering on semantic fluency), which

could reflect a more passive access to words through automatic activation of nearby concepts (i.e., by spreading activation). Examining both clustering types would be particularly interesting as regards the potential impact of literacy, which is

known to be tightly linked to the development of the explicit representations of speech [41] that probably subtend phonemic clustering. This is suggested by the fact that the effect of education and associated literacy level on overall

performance is much stronger in phonemic compared to semantic fluency [23,48], namely when participants have to produce words beginning with a given letter or phoneme (e.g., [1, ,64]).

Finally, other specific components may be important for retrieval in addition to activation spreading from the cue to related items and self-generation of category cues (e.g., phonemic cues) to access new items. In particular, working

memory would be important not only to access new items but also to monitor the products of retrieval (i.e., generated items) and suppress previously recalled items, which is essential to prevent errors, especially repetitions [54,71]. Examining

o¨

23,48
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the monitoring component through the estimation of repetition errors has rarely been done in studies examining the effect of formal education. Yet, one study observed no significant difference in number of repetitions between illiterate and

literate adults [17].

In the present study, we examined these various components of semantic fluency performance in two experiments that included participants with no or limited formal education. Both experiments were run in Brazil, in which low levels of

formal education still characterize an important part of the population.1 Hence, importantly, it was only for social reasons that these participants either had never attended school or had attended school for only a few years. None of them had a

history of special difficulty other than lack of access to schools or need to work early in life, and all, including illiterates, were fully socially functional and, except for some housewives, had regular employment.

In Experiment 1, we contrasted two groups of participants that differed by their level of formal education. In one of the groups, participants had no or limited formal education, namely they were either entirely unschooled (and illiterate) or

minimally schooled, with up to four years of formal education (henceforth, –FE FE participants); in the other, participants had between 11 and 14 years of formal education, hence all had completed the second level of secondary school

(henceforth, +FE+FE participants). The two groups were presented with five tests of semantic fluency (animals, working tools, furniture, domestic utensils, and vehicles) as well as with a superordinate naming task that may be considered as a

mirrored situation of the semantic fluency task. Indeed, in the latter, participants had to provide a superordinate name (e.g., to answer furniture) for three orally presented coordinate words (e.g., sofa–table–cupboard). This allowed us to further

test the hypothesis that people with no or limited formal education lack detailed and precise taxonomic knowledge and/or associated verbal labels.

Experiment 2 was aimed at addressing an additional methodological difficulty, which is to isolate the specific contribution of reading proficiency to semantic knowledge and/or processes. Indeed, all the studies having examined the

impact of formal education and literacy in this field have contrasted illiterate, unschooled people to formally educated, literate people, thereby confounding formal education and literacy level. Yet, literacy per se may impact semantic knowledge;

for instance, it has been suggested that, in children, greater semantic knowledge leads to better reading comprehension, and vice versa [4]. In Experiment 2, we examined the relation between reading proficiency and the various facets of

semantic fluency on a fresh group of participants who had never or almost never attended school in childhood but presented varying degrees of rudimentary reading decoding, as most of them were attending the first class in a literacy program

for adults. Through various literacy-related measures, these participants were carefully evaluated as regards their literacy level, and were presented with two semantic fluency tasks. The first was an animal fluency task similar to the one of

Experiment 1. The second was an alternating fluency task, in which participants had to produce in alternation the name of a fruit and the name of a tool. The latter task allowed further investigating the impact of literacy on the switching

component of fluency performance. In addition, the participants of Experiment 2 were presented with a phonemic fluency task, in which performance is supposed to be strongly linked to literacy [23,48]. They were also presented with several

tasks aimed at assessing reasoning and memory, especially working memory, which has been argued to be important for verbal fluency performance (e.g., [54,71]).

2 Experiment 1: Comparingcomparing adults of various levels of formal education
In this experiment, we presented –FE and +FE participants with semantic fluency tests as well as with a superordinate naming task. In five semantic fluency tests, participants were asked to produce names first of animals, next of

working tools, next of furniture, next of domestic utensils, and finally of vehicles. For the animal category (which elicited the greatest number of responses and demonstrated to be the category with the least membership ambiguity), in addition to

the total number of words generated, we also examined the clustering and switching components.

According to our hypothesis, we expected –FE participants to differ from +FE ones for all measures that depend on content knowledge. In the fluency task, we thus expected –FE to present a lower number of words produced per

category and a lower number of subcategories compared to +FE. We also expected the two groups to present different typicality patterns. In the superordinate naming task, we expected –FE participants to produce a lower proportion of near

superordinate responses, namely of responses as birds to the triplet canary–parrot–swallow, which are less generic than distant superordinate responses such as animals to the same triplet. On the contrary, we expected –FE not to differ strongly

from +FE participants as regards both the mechanisms of access to taxonomic knowledge and the hierarchical organization of semantic categories. In particular, we expected them to also display a hierarchical organization of semantic

categories and hence semantic clusters of similar size as +FE participants, and to present shorter interword time intervals (henceforth, interword times) for consecutive responses belonging to the same subcategory (e.g., between two exemplars

of birds) than for consecutive responses belonging to different subcategories (e.g., between an exemplar of a bird and an exemplar of a fish). Although this would reflect retrieval by subcategory in both groups, we expected these to differ as

regards other, more strategic cues that can be used to access new exemplars, in particular grapho-phonological cues that allow phonemic clustering. As regards switching, predictions were less clear, as the impact of formal education and

literacy on executive processes, in particular on shifting, remains uncertain and has not always been observed [40].

2.1 Method

2.1.1 Participants

The whole sample included 31 adults living in three different cities of the Southern part of Brazil (Palhoça and Florianópolis, in the State of Santa Catarina, and Maringá, in the State of Paraná) who were assigned to two groups, according to their level of

formal education. All were Brazilian natives except for one who had arrived in Brazil at two years of age; all spoke only Brazilian Portuguese.
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Among the 13 –FE participants (7 women from 25 to 59 years; mean age 40.3 years), seven were totally illiterate and almost unschooled. None of these illiterates could name a single letter. Three had never attended school in childhood, and four had

attended school only for some months and in an irregular way. The six other participants had attended elementary school in childhood for one up to four years (on average, 3 years). We will refer to them as semi-literates, as they only learned to read up to a very

rudimentary level, and their decoding ability was slow and sometimes inaccurate. As a matter of fact, presented with a list of 22 pseudo-words, none of them could read accurately more than 15 (68%). These –FE participants had no or limited formal education for

social reasons, with no history of special difficulty other than lack of access to schools or need to work early in life. All of them, including the fully illiterates, were fully socially functional and, except for four housewives (2 illiterates, 2 semi-literates), were working as

workmen, servants, hairdresser, cook, night guard, or concierge. At the time of testing, nine participants of this group (three illiterates, all semi-literates) were beginning to attend special literacy classes for adults.

The 18 +FE participants (4 women; from 24 to 60 years; mean age: 38.5 years; no significant age difference with –FE participants: Mann–Whitney U=106.5, p>0.10) had between 11 years and 14 years of formal education, hence had at least completed

the second level of secondary school; nine had completed the third (and last) grade of undergraduate course and were attending a college at the time of testing. Except for one retired participant and one housewife, all were working in administrative jobs, or as

teachers, drivers or nurses.

2.1.2 Materials, procedure and scoring
2.1.2.1 Semantic fluency The experimenter, using a chronometer, asked participants to produce for two minutes as many words as possible, without repetition, corresponding to instances of a specific taxonomic category that was presented orally through its superordinate name.

Participants were first asked to produce names of animals, next of working tools, next of furniture, next of domestic utensils, and finally of vehicles. The participant was stopped after two minutes. The whole session was recorded for further data analysis.

Each participant’ s participant׳s performance was classified and analyzed as follows:

Total correct output: the total number of correct words generated per taxonomic category (animals, working tools, furniture, domestic utensils, vehicles), excluding errors and repetitions.

Typical members: separately for each category, we attributed the scores of 3, 2 and 1 to the first, second and third items indicated by each participant, and disregarded the items mentioned after the first three. Then, we calculated for each group and category the typicality score of the

three most cited items by dividing the total score by the maximum score possible (39 vs. 54 for a given item, for the 13 and 18 –FE and +FE participants, respectively, if all the participants mentioned this item in the first place).

The other measures were only calculated for the animal fluency test.

Number of subcategories: following the suggestion of other researchers (e.g., [52,69]), the semantic subcategories produced were empirically defined based on the words generated by the participants, as pets or farm mammals, wild mammals, birds, reptiles and batrachians, fishes and

crustaceans, and insects, arachnids and worms.

Number of semantic clusters.clusters: to be sure that a clustering strategy was used, as suggested by Robert et al. [52] and as done in former work on participants with low levels of formal education [8,17,23,56], we only considered clusters of three or more consecutive words belonging to

the same semantic subcategory. In doing this, we excluded names of a subcategory for which the participant had already generated a word (e.g., bird after canary) and intra-cluster repetitions (e.g., the sequence  jaguar‐monkey‐ jaguar–monkey–jaguar was not

considered as a cluster). However, inter-cluster repetitions were taken into account (e.g., the sequence  spider–mosquito–cockroach–canary–eagle–toucan–cricket–mosquito–butterfly  mosquito -mosquito would be

considered as including three clusters, although mosquito was repeated across two clusters).

Mean cluster size: for each identified cluster (of at least three words), we counted the number of words, excluding names of a subcategory for which the participant had already generated a word and intra- (but not inter-) cluster repetitions.

Number of isolated words: the number of words of a specific semantic subcategory, not preceded nor followed by a word from the same subcategory.

Number of category switches: the number of switches was determined by the number of times the subject moved from one semantic subcategory to another, including with single words.

Number of cluster switches: number of switches from a (at least three word) cluster to another (at least three word) cluster.

Number of repetitions: any identical or variations of a previously given (and otherwise correct) word (e.g., gato–gatinho, meaning cat, little cat).

Number of grapho-phonological clustered responses: number of responses in which at least two successive words either began with the same phoneme(s) or letter(s), or rhymed.

Timing measures: the recorded files were digitalized and then analyzed for timing measures using Audacity 2.0.0 software. We first checked whether the reduction in the production rate as a function of time was independent of formal education level (as reported by [8]). To this aim we

computed the number of words produced within three time slots: less than 30 s, between 30 s and one minute, and within the last minute. We then made two analyzes on interword times, namely on the time intervals between each pair of consecutive words (in seconds and hundredths). For

technical reasons, the timing data of the first answers from one +FE participant were missing.

2.1.2.2 Superordinate naming Each of the 40 trials consisted of three orally presented coordinate words (e.g., train–plane–boat; canary–parrot–swallow), and the participants were asked to tell what they had in common, or what they all were, providing only one name common to the

three items. The considered near superordinate categories were: furniture, household-electric, means of transportation, combustibles, vegetables, alcoholic drinks, medias, smoke, TV actors, popular dances, metals, toys, colors, professions, flowers, cloth accessories, body parts, candies, relatives,

jaguar–monkey–aguar jaguar 

 spider‐spider–mosquito–cockroach–anary–agle–toucan–-cricket–mosquito–butterfly
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snakes, birds, fishes, mammals, cities, countries, candidates for president, weapons, writers, condiments, insects, cereals, planets, jewels, fruits, sports, games, disciplines, writing accessories.

The participants׳ performance was tape-recorded and then analyzed by five naïve judges. They categorized all participants׳ responses according to eight response categories: in addition to no response and clear error, the judges were asked to consider as near superordinate answers

like birds to the triplet canary–parrot–swallow; as distant superordinate answers like animal to the same triplet, i.e., when the participant used a more generic, higher hierarchical label; as evaluative answers like something that destroys people to the triplet cigarette–cigar–pipe; as syntagmatic attribute

answers like useful for listening to the triplet radio–television–telephone; as subordinate answers like handle to the triplet sword–knife–pistol, as handle is a constituent part of the three referents; and as symbolic answers like death to the triplet sword–knife–pistol. A response was considered as

belonging to one of these categories when the majority of the judges had classified it as such. When no majority was reached, a sixth, this time non-naïve judge (one of the co-authors) chose between the most frequent categories proposed for that response by the other judges.

2.2 Results

2.2.1 Semantic fluency

We first examined the total correct output per taxonomic category and per group. A repeated-measures analysis of variance (ANOVA) by participants run on these scores showed significant effects of category,2 F(4, 116)=27.50, ηp
2=0.49, and group, F(1,

29)=30.65, ηp
2=0.51, both p ps<0.0001. As displayed in Fig. 1, animals led to more responses than all other categories, all p׳s≤0.01; domestic utensils led to more responses than furniture and vehicles, ps ≤0.005, and working tools to more responses than

vehicles, p<0.001 (all Bonferroni-corrected). The significant group by category interaction, F(4, 116)=3.18, p<0.025, ηp
2=0.10, reflects the fact that as responses for animals were particularly numerous in the +FE participants, groups differed somewhat more for this

category than for the others.3 Still, –FE participants offered less responses than +FE ones for all categories, all psp ≤0.005.4 Finally, among the –FE participants, illiterates did not differ from semi-literates, with averages of 12.97 and 12.03 items provided,

respectively.

sp׳s p׳s

s׳
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We then compared the groups for typicality patterns. As Table 1 illustrates, there were group-dependent patterns of typicality. For example, horse and dog were the most typical animals for the –FE participants, who also mentioned cow in good position; in

contrast, cat was more typical for the +FE participants, who never mentioned cow. For working tools, only the –FE participants answered hoe, and for vehicles, only the +FE participants mentioned plane and boat, whereas truck and bus (work and travel vehicles that

are important for people of less advantaged classes) were mentioned in good position only by the –FE participants. After the first three responses for each category, some participants also gave responses indicating potential overlap between categories. This was

Fig. 1 Average total correct output (i.e., number of correct items provided in two minutes) in the five semantic fluency tests of Experiment 1, separately for each group (–FE: participants with null or limited formal education; education and +FE: participants with higher levels of formal education). Error bars

correspond to standard deviations.
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the case, for example, of the attribution of table to both furniture and utensil by the –FE participants; category overlapping occurred also for knife, freezer, stove and TV set, as well as for trailer between working tools and vehicles.

Table 1 Experiment 1, semantic fluency task: Itemsitems with the highest typicality score (3 or more if equality between 2) for each category and each group (–FE: participants with null or limited formal education; +FE: participants with higher

levels of formal education).

–FE +FE

Animals

 Horse 0.41⁎a 0.39

 Dog 0.41⁎a 0.41

 Cow 0.26 0

 Cat 0.21 0.46⁎a

Tools

 Hoe 0.33⁎a 0

 Hammer 0.23 0.30⁎a

 Knife 0.15 0.19

 Saw 0 0.15

Furniture

 Sofa 0.51⁎a 0.44

 Chair 0.38 0.63⁎a

 Bed 0.18 0.19

 Table 0.15 0.22

Domestic utensils

 Pot 0.36⁎a 0.09

 Spoon 0.26 0.11

 Table 0.15 0

 Glass 0 0.15⁎a

 Broom 0 0.11

Vehicles

 Car 0.67⁎a 0.35⁎a

 Bicycle 0.18 0.17
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 Truck 0.18 0

 Motor bike 0.15 0

 Bus 0.15 0

 Plane 0 0.31

 Boat 0 0.25

Note: Bold scores represent the three most typical items.

a representRepresents the most typical one.

Given that animals not only elicited the larger number of responses but were also the category that presented the least membership ambiguity and the clearest internal structure, it is only for this category that we performed further analyses. Table 2

presents the average scores, Mann–Whitney U tests, as well as the effect sizes and 95% confidence intervals of the differences between the means.5 Significant increases with level of formal education are observed for the total correct output, number of

subcategories and number of clusters, and trends toward significance are observed for number of isolated words, number of between-categories switches, number of cluster switches, and number of grapho-phonologically related words (note that none of these

measures differed between illiterates and semi-literates, all ps >p >0.10). Thus, –FE participants did not only present a poorer total correct output than +FE participants, but also produced less subcategories, less clustered words and less isolated words, as well

as less (cluster) switches and phonologically related words. Although there was a numerical trend (and a non-negligible CL effect size, see Table 2) for –FE participants to produce less words per cluster, groups did not differ strongly on mean cluster size (neither

did illiterates vs. semiliterates, p>0.10). Interestingly, cluster size only tended to be correlated with total correct output, r(29)=0.32, p<0.10, indicating that this measure of taxonomic clustering is relatively independent of content knowledge. No significant correlation

between total correct output and number of repetitions was observed, either, r(29)=0.29, p>0.10. On the contrary, there were significant correlations between total correct output and the six measures for which a group effect was observed, namely number of

subcategories, r(29)=0.68, p<0.0001, of clusters, r(29)=0.80, p.0001, of isolated words r(29)=0.38, p<0.05, of between-categories switches r(29)=0.78, p<0.0001, of cluster switches, r(29)=0.49, p<0.005, and of phonologically related words, r(29)=0.63, p<0.0001.

When statistically controlling for total output by introducing this score as covariate, no significant group difference was observed anymore on these six measures, all F׳s≤1.

Table 2 Experiment 1, animal fluency task: average scores per group (–FE: participants with null or limited formal education; +FE: participants with higher levels of formal education). Standard deviations and confidence intervals (CI) in

brackets.

–FE +FE Mann–Whitney (U) Hedges׳ ga CIb CL effect sizec

Total correct output 16.69 31.94 17⁎⁎ 1.90 [−20.78, −9.72] 92%

[6.38] [8.67]

Number of subcategories 3.92 5.11 52⁎ 1.06 [−2.01, −0.37] 78%

[1.11] [1.08]

Number of clustersd 3 4.72 46.5⁎ 1.15 [−2.80, −0.65] 80%

[1.41] [1.49]

Mean cluster sized 3.68 4.36 89 0.57 [−1.58, 0.22] 65%

[1.33] [1.02]

Number of isolated words 3.77 6.72 73.5(⁎) 0.74 [−5.48, −0.42] 72%

[1.64] [4.88]

Total number of between-subcategory switches 6.77 14.06 24.5⁎⁎ 1.52 [−10.35, −4.23] 88%

[2.17] [5.82]

Number of cluster switchesd 0.77 1.5 73.5(⁎) 0.65 [−1.53, 0.07] 68%

s׳

e

e

e
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[1.01] [1.15]

Number of repetitions 1.62 2.50 87.5 0.45 [−2.24, 0.48] 63%

[1.56] [2.15]

Number of grapho-phonological related words 2.46 4.28 71(⁎) 0.58 [−3.92, 0.28] 67%

[2.11] [3.58]

a calculatedCalculated thanks to Lakens [27][27]..

b 95% confidence interval of the difference between the means [Low; High]; [low and high]; calculated thanks to Lakens [27][27]..

c commonCommon language effect size, also known as the probability of superiority [27][27];; it reflects the chance that for a randomly selected pair of individuals, the measure is higher for +FE than for –FE; calculated thanks to Lakens

[27][27]..

d withWith clusters of at least three words of the same semantic subcategory

(⁎) p<0.10.

⁎ p<0.025.

⁎⁎ p<0.01.

Hence, the main difference between –FE and +FE participants resides essentially in total output. As illustrated in Fig. 2a, this difference was particularly strong for the responses given within the first 30 s, which were particularly numerous in +FE

participants. The ANOVA on correct output contrasting groups as a function of time slot (within the first 30 s, between 30 s and one minute, and within the last minute) showed significant effects of group, F(1, 29)=28.81, p<0.0001, ηp
2=0.50, and time slot, F(2,

58)=42.49, p<0.0001, ηp
2=0.59, as well as a significant interaction between group and time slot, F(2, 58)=5.0, p<0.01, ηp

2=0.15.6 Bonferroni-corrected contrasts showed that the –FE participants presented fewer responses than the +FE participants in all time slots

(all p׳s<0.05).7

dwithWith total correct output as covariatecovariate.

e
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The analysis ran on interword times suggest in addition that content knowledge is more rapidly exhausted in –FE than in +FE participants. Indeed, as shown in  Fig. 2Fig. 2b, when interword times were analyzed as a function of retrieval position (as in

[36], i.e., independently of the fact that responses were intra- or inter-category), the slope of the retrieval-position function estimated for the first 16 positions is steeper in –FE than in +FE participants As the 16th th position corresponds to the average number of

Fig. 2 Experiment 1, animal fluency test, average results, separately for each group (–FE: participants with null or limited formal education; education and +FE: participants with higher levels of formal education). Error bars correspond to standard deviations.  Fig. 2a.(a) Correct responses produced within

three time slots: within the first 30 s, between 30 s and one minute, and within the last minute.  Fig. 2b.(b) Interword times as a function of retrieval position; also shown are the best fitting linear regression lines and corresponding parameters.  Fig. 2c.(c) Interword times as a function of relative retrieval

position (defined individually as responses given in the first, second and third thirds of the responses); also shown are the best fitting linear regression lines and corresponding parameters.  Fig. 2d.(d) Interword times for consecutive responses belonging to either the same semantic subcategory (intra-

subcategory) or to different semantic subcategories (inter-subcategory).
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answers given by the –FE participants, whereas it is only about half of the average number of responses provided by the +FE participants, for –FE participants search for new exemplars would become sooner more difficult and hence slower in the retrieval-

position function, compared to +FE participants. The results of a reanalysis of the data using relative scores are coherent with this interpretation. In this reanalysis, we calculated for each participant individually his/her interword times for his/her first, second and

third thirds of the responses (i.e., on the first three, middle three and last three items for a participant who gave only 10 answers, hence for whom nine time intervals were calculated, but on the first 10, middle 10 and last 10 items for a participant who provided a

total of 31 responses). As Fig. 2c illustrates, no slope difference is observed anymore. This was confirmed by an ANOVA with group and retrieval position (first, middle or last third of the response positions, as defined individually) as factors: only the main effects of

group, F(1, 28)=5.77, p<0.025, ηp
2=0.17, and of retrieval position, F(2, 56)=27.18, p<0.001, ηp

2=0.49, were significant, not the interaction between these two factors, F<1, ηp
2=0.01.8

However, as illustrated in Figs. 2 b and  2 c, –FE participants presented somewhat longer interword times than +FE participants overall (M=4.12 s, SD=2.29, and M=2.75 s, SD=1.10, respectively). Yet, the difference between groups was not significant,

Mann–Whitney U=170, p>0.10. This is probably due to the fact that –FE participants also tended to stop answering slightly before the +FE participants (total average production time: M=1 min and 41 s, SD=32.3 s, and M=1 min and 52 s, SD=15.74, respectively).

Yet, this effect was not significant, either, Mann–Whitney U=103.5, p>0.10. In fact, –FE participants were quite variable, some stopping answering before 30 s, and others going until the end of the allowed time slot.

Critically, interword times were also calculated separately for intra- and inter-subcategory consecutive pairs of responses. Since according to the Wilcoxon matched pairs test there was no difference between cluster switches and hard switches, Z=0.23,

p>0.10, we contrasted all inter-categories responses to intra-subcategory responses in an ANOVA taking group and interval type (inter- vs. intra-subcategory) as factors. There were significant main effects of group, F(1, 29)=5.59, p=0.025, ηp
2=0.16, and of interval

type, F(1, 29)=52.18, p<0.0001, ηp
2=0.64,with longer interword times in –FE than +FE participants, and for inter- than intra subcategory responses (on the average, 5.15 vs. 1.92 s, respectively9). However, as illustrated in Fig. 2d, the interaction between these

variables was not significant, F(1, 29)=2.10, p>0.10, ηp
2=0.03.10

2.2.2 Superordinate naming

As displayed in Fig. 3, –FE participants presented a lower proportion of near superordinate responses than +FE participants, Mann–Whitney U=27, p<0.0025, 11 (with almost no difference between illiterates and semi-literates: 58.03% vs. 59.29%,

respectively).

Qualitative analysis of the –FE participants׳ wrong answers or absence of response showed that they did not know the near superordinate name or concept. For example, none of the –FE but 89% of the +FE participants were able to say that copper, iron,

and zinc are metals. This was probably due, in most –FE participants, to either a lack of knowledge of the name metal or to difficulties in rapidly accessing to it. In contrast, the fact that, for example, only half of the +FE participants (no illiterate and 17% of the semi-

literates) were able to say that bat, dolphin and whale are mammals was more likely due to either a difficulty of access to the mammal category given the low typicality of those instances, or to a taxonomic confounding of any of these concepts with the bird or fish

categories (e.g., commenting on the dolphin and whale stimuli, an illiterate said that they were ocean fishes, of course). Lack of knowledge of the instances rather than of the category may have been at the origin of the fact that only 57% of the illiterates, 67% of the

semi-literates, but 89% of the +FE participants were able to say that Goiânia, Palmas and Natal are three Brazilian cities.

a b

Fig. 3 Experiment 1, superordinate naming task: proportion (in %) of the different types of responses, separately for each group (–FE: participants with null or limited formal education; education and +FE: participants with higher levels of formal education). Error bars correspond to standard deviations.
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We next calculated the correlations between the proportion of subordinate responses in the superordinate naming task and each of the measures we had calculated in the animal fluency test. Notably, no correlation was significant (all p׳s>0.10), except

with total correct output, r(29)=0.43, p<0.025. Also, interestingly, the correlation with correct output in the other fluency tests was significant for furniture and vehicles, r(29)=0.54 and 0.52, respectively, both p׳s<0.01, but only tended towards significance for

domestic utensils, r(29)=0.31, p<0.10, and was not significant for working tools r(29)=0.28, p>0.10.

2.3 Discussion
The results of the present experiment confirm the hypothesis that formal education mainly impacts on content knowledge. In the fluency task, –FE participants produced less correct total output, less subcategories, less clustered words and less isolated

words, as well as less (cluster) switches and phonologically related words than +FE participants. Consistently, in the superordinate naming task, –FE participants presented less near superordinate responses than +FE participants, which reveals lack of detailed

and precise content knowledge, in particular at the lexical level. Furthermore, the typicality patterns observed in the various fluency tests also differed between –FE and +FE participants, reflecting different experiences. This is consistent with the observations

made by Brucki and Rocha [8], who also reported that the illiterate unschooled people they examined did not mention the same prototypical animal as the other groups. In particular, as in the present animal fluency test, they frequently mentioned the horse, while

the most educated participants of their study mentioned frequently the cat.

Yet, in the animal fluency test the two groups of participants did not differ on cluster size, and the group differences observed on the six measures other than total output were cancelledcanceled once correcting for individual differences in total correct

output through covariate analyzes. In addition, in animal fluency, although –FE participants tended to be slower to provide their answers, with somewhat longer interword times than +FE participants, they were so overall, for both intra- and inter-category

responses. This suggests that for –FE participants both the duration of each switch and the duration of each retrieval were prolonged. Importantly, they presented shorter intra- than inter-subcategory responses, as did the +FE participants. This confirms retrieval

by subcategory in both groups. Thus, independently of content knowledge, neither taxonomic clustering, nor the basic mechanisms of access to subcategories seem to depend on formal education level. In addition, although the analysis on interword time

intervals as a function of retrieval position suggests a more rapid exhaustion of content knowledge in –FE compared to +FE participants, no special intrinsic difficulty of –FE participants in accessing semantic information is observed when retrieval positions are

defined relatively, as a function of total correct output.

Nevertheless, which factor of formal education is responsible for the effects observed on content knowledge remains unclear from the present data. Indeed, in the present experiment literacy was confounded with formal education, in terms of schooling

years. In addition, although no clear difference between illiterates and semi-literates was observed, we must acknowledge that these subgroups only included seven and six participants, respectively. Hence, no definite conclusion can be drawn as regards the

possible specific impact of literacy on the various measures of fluency. Experiment 2 was aimed at examining this question more thoroughly.

3 Experiment 2: Semantic fluency and literacy
To examine specifically the relation between reading proficiency and semantic fluency, here we examined participants who were all almost unschooled but quite heterogeneous as regards their literacy level, which was carefully

evaluated through various reading-related measures. More precisely, we examined 28 unschooled adults displaying varying degrees of rudimentary reading decoding, most of them attending the first class of a literacy program for adults.

They were presented with two different tests of semantic fluency. The first was an animal fluency task similar to that of Experiment 1. The second was an alternating fluency task in which participants had to produce in alternation the

name of a fruit and the name of a tool. Thus, the latter task imposes comparable demands upon semantic memory as a simple semantic fluency task (for both, participants are requested to find words belonging to a specified semantic

category), and is equally constrained by speed (here, one minute for each test), but requires constant switching between concepts, which probably involves greater executive demands compared to conventional fluency tasks (e.g.,

[12,19,20,36,67]). It thus allowed us to further investigate the impact of literacy on the switching component of fluency performance. Furthermore, we used as a control two tests of phonemic fluency, in which participants were required to give

words beginning with a given letter or phoneme. Indeed, the effect of education on overall performance is much stronger in phonemic compared to semantic fluency [23,48], probably because phonemic fluency involves phonological awareness,

which is strongly linked to reading ability [41].

In addition to these fluency tasks, reading-related abilities were evaluated through identification of letter and graphemes, reading tests (word and pseudoword reading, plus written text comprehension), and metaphonological tests that

required manipulating either syllables (inversion and deletion tests) or phonemes (inversion and deletion tests, plus production of acronyms). Using the Standard Progressive Matrices (PM38 [49]), participants were also evaluated as regards their

analogical reasoning capacity. Finally, as working memory seems important for verbal fluency performance due to the need to self-generate category cues and monitor the products of retrieval [54,71], we also presented them with two memory

tests. The critical one was listening span, a working memory test in which participants have to listen to a series of sentences and retain the final word of each sentence for spoken recall at the end of the series while simultaneously judging each

sentence as true or false [65]. An additional test of word span controlled for phonological memory.

3.1 Method

3.1.1 Participants

overall 
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Among the 28 participants, 22 were attending the first class of a literacy course for adults in the quarter of Capoeiras, Florianópolis, Santa Catarina, Brazil. The other six were living in the same area. They were aged from 17 to 77 years (average: 37.5

years; 15 women). Most of them (15) had never attended school; some had attended school for some months (5 participants) or even a year (6 participants) or more (18 months: 2 participants), but in an irregular way (average: 4.7 months). They were rewarded for

participation by receiving school material.

All participants were screened for reading-related knowledge through the following 10 tests [59]: letter identification (23 letters), grapheme identification (21 graphemes such as ã, im, lha), word reading (20 trials, all with simple frequent words such as

chuva – meaning “rain”, festa – meaning “feast”, tigela – meaning “bowl”), pseudoword reading (20 trials, all derived from the words presented in the former test, e.g., cuda, vesta, and figeta), reading comprehension (11 questions about a short, 89 words long text,

called O tatu encabulado, meaning “The embarrassed armadillo”), oral syllable deletion (16 CVCV trials), oral syllable reversal (10 CVCV trials), phoneme deletion (26 trials: 16 CVC and 10 CCV), phoneme reversal (20 trials: 5 CV, 5 VC, 10 VCV) – note that most

stimuli and responses were pseudowords in the latter four tests– and auditory acronyms (16 trials, e.g., charmosa ilha – meaning “charming island”). A total literacy score was calculated as the average of performance on these 10 tests. As can be seen in Table 3,

although reading-related performance was poor in most participants, it was also highly variable.

Table 3 Experiment 2: Meanmean age and schooling level of the participants. Correct scores (in %) observed in the reading-related tests and performance in the PM38. SD= Standard SD=standard deviations. Min and Max: minimum and

maximum observed scores, respectively.\respectively.

Mean SD Min Max

Age (yrs) 37.54 14.37 17 77

Schooling (months) 4.73 6.1 0 18

Letter knowledge (%) 77.34 28.75 4 100

Grapheme knowledge (%) 46.34 30.02 0 100

Word reading (%) 45.63 37.44 0 100

Pseudo-word reading (%) 32.14 30.14 0 90

Written text comprehension (%) 42.37 38.77 0 100

Phoneme deletion (%) 33.38 38.68 0 100

Phoneme reversal (%) 14.91 22.57 0 70

Acronyms (%) 11.83 26.43 0 88

Syllable deletion (%) 53.46 28.65 0 100

Syllable reversal (%) 31.79 34.86 0 100

Total literacy score (%) 38.92 26.86 2.93 89

Standard progressive matrices (PM38) 16.54 4.56 9 29

Listening span 3.09 0.78 2 4.5

Word span 2.96 0.70 1.5 4

Participants also completed the five series (60 items) of the PM38 [49]. Scores on the PM38 were generally low and with a considerable dispersion. This is not surprising, as a recent Brazilian study showed large national discrepancies, with limited

education level and low socioeconomic status deeply affecting PM38 performance [15]. In addition, scores as low as 12.5 are commonly observed in illiterate and/or unschooled participants [73].

Participants were also presented with two memory tests. In the word span test, they had to repeat sequences of increasing length, each sequence including two to five monosyllabic frequent Portuguese words (chão, pé, mar, céu, gol, meaning “ground”,

“foot”, “sea”, “sky”, “goal”). Seven different sequences were presented for each sequence length. In the listening span task, participants had to listen to a series of sentences, retaining the final word of each sentence for spoken recall at the end of the series, while

simultaneously judging each sentence as true or false. Here, to control for word familiarity, all sentences ended with a word denoting a numeral. After an initial example including two sentences (Meia dúzia são seis; Os dias da semana são sete, meaning “Half a dozen
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is six; the days of the week are seven”; expected answer: seis – sete, “six-seven”), series of three to five sentences were presented. Seven different trials (series of sentences) were presented for each length. For both tests, participants were presented with

sequences of increasing length, proceeding to the next length only if they had answered correctly to at least four of the seven trials. For each test, the span was estimated on each participant as being the length for which the participant presented at least four

correct answers; this score was then corrected as a function of the number of correct trials obtained for the next length (with 0.25, 0.50 and 0.75 scores for 1, 2 or 3 correctly answered trials, respectively). Average results are presented in Table 3.

3.1.2 Fluency tasks: Materials,materials, procedure and scoring

In the phonemic fluency task, participants were asked to produce for one minute as many words as possible starting with either /a/ or /p/. In the animal fluency task, participants were asked to produce for one minute as many animal names as possible,

without repetition. In the alternating semantic fluency task, they had to produce for one minute alternatively the name of a fruit and of a tool, also without repetition. For all tests, the experimenter used a chronometer and stopped the participant after one minute,

tape-recording the session for further data analysis. For the animal fluency task, the scoring was the same as in Experiment 1, except that no digitalized version of the tape-recorded data could be provided. Timing parameters were thus estimated on the digital

recordings, using a chronometer. The same holds true for the alternating fluency task. For the latter, we also estimated alternation errors, for instance answering with two tool names in a row.

All participants were first presented with the phonemic fluency tests (first with /a/ then with /p/), next with animal fluency, and finally with alternating fluency. The reading-related tests were presented before the fluency tasks, the PM38 afterwards. All tests

were parts of a larger battery of 56 tests that were presented to participants in eight to 10 sessions over a period of six months [38].

3.2 Results
Table 4 presents the average values of the various measures of fluency performance in the three fluency tasks, as well as the correlations between these scores and age, schooling (in months), literacy (total literacy score), and performance in the PM38

and memory tests. For the scores that significantly correlate with literacy, Table 4 also presents the partial correlations that were computed when a measure tended to correlate with total output, PM38, working memory, or word span (this was done when

r(28)≥0.25).12

Table 4 Experiment 2: average scores in the animal and alternating semantic fluency tasks, as well as in phonemic fluency. SD: standard deviations. WM: working memory.

 FLUENCY TASK

Fluency task Mean SD Correlations

 Mean SDLiteracy Schooling PM38 TotalOutputTotal
output

ageAge WM WordSpanWord
span Literacytotal

output

Literacy.Literacyschooling Literacy.Literacy Literacy.Literacy Literacy.LiteracyWordSpan

span

Animal

 Total correct
output

11.04 3.95 0.57⁎⁎⁎ −0.14 0.39⁎ – 0.05 0.48⁎⁎ 0.15 – – .460.46⁎ .460.46⁎ __ (PLEASE use
homogenous sign for
empty cells, there is no
reason to use sometimes
__ and sometimes–)

 Number of
subcategories

3.07 0.86 0.19 −0.21 0.09 0.49⁎⁎⁎ −0.04 0.29 −0.12 – – – – __

 Number of
clustersa

1.75 1.04 0.39⁎ 0 0.26 0.74⁎⁎⁎⁎ 0.10 0.27 0.15 −0‐.06.06 – .310.31 .300.30 __

 Mean cluster
sizea

3.55 1.55 0.40⁎ 0.29 0.36(⁎) 0.26 0.02 0.09 0.18 .320.32(⁎) .350.35(⁎) .260.26 – __

 Number of
isolated
words

2.29 2.48 −0.07 −0.20 −0.02 0.26 −0.04 0.20 −0.05 – – – – __

 Total number
of between-
subcategory
switches

4.54 2.6 0.19 −0.16 0.08 0.51⁎⁎⁎ 0.14 0. 39⁎ −0.04 – – – – __

– – – –

Lit.LitTotal Outputtotal

output

PM38 WM

0
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 Number of
cluster
switchesa

0.29 0.54 0.03 −0.02 −0.10 0.24 0.11 −0.06 0.01 – – – – __

 Number of
repetitions

0.54 0.69 0.12 0.04 0.12 0.20 0.06 0.15 −0.10 – – – – __

 Number of
grapho-
phonological
related words

0.89 0.83 0.37⁎ −0.19 0.52⁎⁎⁎ 0.64⁎⁎⁎⁎ −0.05 0.41⁎ 0.25 .010.01 .440.44⁎⁎ .120.12 .180.18 .350.35(⁎)

 Cluster
switches
interword time

5.91 5.34 −0.33(⁎) 0.24 −0.25 −0.50⁎⁎⁎ 0.09 −0.40⁎ 0.14 −0‐.06.06 −0‐.42.42⁎ −0‐.24.24 −0‐.13.13 __

 All inter-
category
interword time

6.29 3.64 −0.28 0.08 −0.14 −0.38⁎ 0.26 −0.19 0.03 – – – – __

 Intra-
category
interword time

4.43 3.05 −0.38⁎ 0.04 −0.30 −0.54⁎⁎⁎ 0.04 −0.49⁎⁎⁎ −0.05 −0‐.10.10 – −0‐.27.27 −0‐.14.14 __

 Normalized
switching
time costb

18.95 32.20 0.08 −0.07 0.08 0.20 0.12 0.34(⁎) −0.05 – – – – __

Alternating

 Total correct
output

9.14 3.46 0.37⁎ 0.10 0.07 – 0.08 0.62⁎⁎⁎⁎ 0.46⁎⁎ – – – .020.02 .350.35(⁎)

 Number of
repetitions

0.43 0.79 0.04 −0.11 −0.02 −0.04 0.30 −0.05 −0.02 – – – – __

 Number of
alternation
errors

0.57 1.20 −0.16 0.08 0.30 −0.51⁎⁎⁎ 0.02 −0.08 −0.02 – – – – __

 Number of
grapho-
phonological
related words

1.14 1.24 0.02 −0.13 0.06 0.13 −0.19 0.17 0.21 – – – – __

 Interword
time

6.08 3.80 −0.27 −0.15 −0.16 −0.56⁎⁎⁎ −0.23 −0.53⁎⁎⁎ −0.18 – – – – __

Phonemic

 Total correct
output
(averaged for
/a/ and /p/)

5.48 3.46 0.87⁎⁎⁎⁎ 0.07 0.49⁎⁎⁎ – −0.07 0.61⁎⁎⁎⁎ 0.15 __– __– .830.83⁎⁎⁎⁎ .800.80⁎⁎⁎⁎ __

a withWith clusters of at least three words of the same semantic subcategory.

b theThe difference between inter‐inter− and intra-categoryinterword times, normalized as a function of overall speed.

(⁎) p≤0.10.
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⁎ p≤0.05.

⁎⁎ p≤0.025.

⁎⁎⁎ p≤0.01.

⁎⁎⁎⁎ p≤0.001.

As shown in Table 4, the average total correct output was higher in the animal fluency task than in the other two tasks, with the lowest performance observed in the phonemic fluency task (on the average, 4.82 and 6.14 total correct output for /a/ and /p/,

respectively). Consistently, the ANOVA run on these scores showed a highly significant effect of task,13 F(2, 54)=42.47, p<0.0001, ηp
2=0.61 with better performance in the animal than in both the alternate, F(1, 54)=9.55, p<0.005, and phonemic fluency tasks, F(1,

54)=82.16, p<0.0001, and in the alternate than in the phonemic fluency task, F(1, 54)=35.7, p<0.0001. Yet, total correct output was strongly correlated between these three tasks (between animal fluency and alternating fluency: r(26)=0.62, p<0.0005; between

animal and phonemic fluency: r(26)=0.70, p<0.0001; between phonemic and alternating fluency: r(26)=0.48 p<0.01.

As illustrated in Table 4, there was no significant correlation at all between the various fluency scores and age or number of months during which the participants attended school in childhood, probably because many of them (54%) never attended

school. Total correct output did correlate with literacy in all three tasks, and remained significantly correlated with literacy after removing the effect of either working memory or PM38 in both animal and phonemic fluency, but not in alternating fluency, in which the

correlation vanished after removing the effect of working memory. As can be seen in Table 4, all the correlations of the other fluency measures with literacy vanished after removing the effect oftof either working memory or PM38.

As in Experiment 1, we examined interword times in two ways. First, we analyzed them as a function of retrieval position, contrasting the animal to the alternating fluency tasks. As shown in Fig. 4, when intervals were computed over the first nine positions

(which corresponds to the average total correct output in alternating fluency), the slope of the retrieval-position function is somewhat steeper in the alternating than in the animal fluency task. This confirms the idea that alternating fluency is more difficult than

animal fluency, probably because it involves higher executive functioning (and in particular working memory) demands (e.g., [12,19,20,36,77]).
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Second, as in Experiment 1 we also examined whether interword times were shorter when these belonged to the same semantic subcategory than when they belonged to different subcategories. As there was no strong difference in interword times

between cluster switches and hard switches (with averages of 5.91 and 6.29 s, respectively), and as eight participants did not present any cluster switch, we contrasted all inter-subcategories responses to intra-subcategory responses (see Table 4). The Wilcoxon

matched pairs test confirmed that interword times were significantly longer for inter- than intra subcategory responses, Z=2.25, p<0.025.

In addition, it is worth noting that the interword times in alternating fluency, which by definition were inter-category, are almost identical to, and in any case not longer than, the inter-category interword times of the animal fluency task (see Table 4). Yet,

these measures did not correlate with each other, r(26)=0.22, p>0.10 (neither did the interword times of alternating fluency with the intra-category interword times of animal fluency, r(26)=0.10, p>0.10).

3.3 Discussion
The present experiment clearly shows that literacy, even of a rudimentary level, contributes to acquire content knowledge: in animal fluency, the total number of generated words strongly correlated with literacy level, and this correlation cannot be

explained by either working memory or general intelligence, as estimated through the PM38. The same holds true for total output in phonemic fluency, but not for total output in alternating fluency. Indeed, although total output in the alternating fluency task was

marginally correlated with literacy, this correlation was not significant any longer after partialing out the effect of working memory. Together with the fact that the number of (cluster) switches did not correlate with literacy in animal fluency, this suggests that the

switching component of semantic fluency, be it spontaneous as in the simple animal fluency task, or imposed as in the alternating fluency task, does not strongly depend on literacy. Similarly, the fact that the correlations of the other fluency measures with literacy

vanished after removing the effect of either working memory or PM38 suggests that literacy per se affects only content knowledge, more particularly total correct output. In addition, in animal fluency, participants presented shorter intra- than inter-subcategory

interword times, showing retrieval by subcategory.

4 General Discussiondiscussion
Previous work has suggested that formal education in the Western culture discourages thematic (e.g., functional) thinking (e.g., [30,60,61]) and enhances the richness and precision of semantic knowledge (i.e., content knowledge), with

better semantic fluency performance (i.e., number of words generated for a specific taxonomic category) in formally educated adults than in adults having no formal education [8,10,17,23,48,50,62]. Yet, less attention has been paid to the

influence of formal education, including literacy, on the structure of semantic categories and on the mechanisms used to access them. In addition, in all former studies on semantic fluency, formal education and literacy levels were confounded,

as they contrasted illiterate, unschooled people to formally educated, literate people.

In the present study, we examined the hypothesis that, contrary to content knowledge, the acquisition of taxonomic knowledge and the basic access processes to that knowledge do not depend on formal education and literacy. By this

view, even people with limited formal education (including totally illiterate people) would represent taxonomic relations and categories, as neither formal education nor literacy by itself change the way entities are represented in conceptual

memory, including their hierarchical taxonomic organization, nor the basic access processes to that information.

To examine this hypothesis, we took advantage of the fact that the semantic fluency task may reflect not only content knowledge, but also the way entities are represented in conceptual memory, including their hierarchical taxonomic

organization. We analyzed the semantic fluency data collected in participants of various levels of formal education (Experiment 1) or literacy (Experiment 2) not only in terms of overall performance but also in terms of the way they structured

their responses and the time they needed to do it. More precisely, in Experiment 1, we contrasted two groups of participants that differed by their level of formal education: either with up to four years, or between 11 and 14 years of formal

education. In Experiment 2, we examined more specifically the relation between reading proficiency and the various facets of semantic fluency on a fresh group of participants who had never or almost never attended school in childhood but

presented varying degrees of rudimentary reading decoding, as most of them were attending the first class in an adult literacy course.

The influence of formal education on content knowledge was confirmed by the data of the semantic fluency tasks of both ExperimentExperiments 1 and 2. In Experiment 1, in which we contrasted participants with limited or higher levels

of formal education, this influence was observed on two measures of semantic fluency. First, across the five fluency tests we used (animals, working tools, furniture, domestic utensils, vehicles), the participants with higher levels of formal

education generated more words per taxonomic category than those with limited formal education. Second, for animals (the category that we analyzed more thoroughly), the participants with higher levels of formal education also produced a

greater number of different semantic subcategories.

Interestingly, across the five tests, performance varied as a function of category, with a stronger group effect for animals than for domestic utensils and working tools, confirming the importance of the ecological or cultural relevance of

the chosen semantic criteria as well as of the level of reference to concrete knowledge and specific situations [17,51,57]. This was confirmed by qualitative between-groups differences in terms of typicality patterns, consistent with Brucki and

Rocha’sRocha׳s [8] observations, and which probably reflect different experiences. Specifically, fewer pieces of furniture are likely to be found in the homes of the less formally educated participants, who also have a lower socio-economic status

than the ones with higher levels of formal education. Similarly, most of the less formally educated participants probably never travelledtraveled by plane or boat. As regards animals, as the present participants are urban populations, it seems

likely that the number of animals generated is tied to awareness of names of exotic species (e.g., lion, kangaroo), i.e., to encyclopedic knowledge. Nevertheless, the influence of formal education on total output was observed here even with

Fig. 4 Average interword times in Experiment 2 as a function of task (animal vs. alternating fluency); also shown are the best fitting linear regression lines and corresponding parameters.
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“ecological” categories like domestic utensils and working tools (see [62] for similar data).

In accordance with these fluency data, in the superordinate naming task used in Experiment 1, in which participants had to provide a superordinate name (e.g., furniture) for three orally presented coordinate words (e.g.,

sofa–table–cupboard), less formally educated participants presented fewer near superordinate responses than more formally educated participants. Limited formal education thus seems to be associated with a lack of precise taxonomic

knowledge and associated verbal labels. In addition, we observed significant correlations between the proportion of subordinate responses and the total number of words generated in the fluency task for the categories of animals, furniture and

vehicles, but not for working tools and domestic utensils. This reinforces the idea that the total output in semantic fluency reflects content knowledge, which varies as a function of the ecological or cultural relevance of the semantic criteria.

In Experiment 2, we showed that part of the effect of formal education on content knowledge is related to literacy level. As a matter of fact, in Experiment 2 we presented the animal semantic fluency task to adults with limited formal

education displaying various degrees of rudimentary literacy, which level was carefully evaluated. The total number of animal names generated (but, somewhat surprisingly, not the number of subcategories) correlated strongly with literacy level,

an effect that cannot be explained by either working memory or general intelligence, as estimated through the PM38. Thus, the richness of taxonomic knowledge seems affected by both literacy and formal education.

However, other aspects of the data of the animal fluency task used in Experiments 1 and 2 showed that illiterates and/or people with limited formal education do represent and access taxonomic categories in the same way as literates

and/or people with higher level of formal education. Indeed, in the animal fluency task of Experiment 1, cluster size, which indicates taxonomic clustering relatively independently of content knowledge, did not differ between participants with

limited vs. high levels of formal education. In the similar animal fluency task of Experiment 2, although cluster size did correlate with literacy, this effect was cancelledcanceled by partialing out the effect of general intelligence, as estimated

through the PM38. Furthermore, in the animal fluency tasks of both ExperimentExperiments 1 and 2, participants with limited formal education, including fully illiterates, presented shorter interword times for intra- than for inter-subcategory

responses, as did the participants with higher levels of formal education of Experiment 1. This confirms that retrieval by subcategory is independent of formal education and literacy level. Thus, independently of content knowledge, even people

with limited formal education, including fully illiterate subjects, display taxonomic clustering and retrieval by subcategory.

Yet, formal education and literacy slightly speed the search for new exemplars. Indeed, in the animal fluency task of Experiment 1, participants with limited formal education tended to be slower overall in finding exemplars than

participants with higher levels of formal education. In addition, in the animal fluency task of Experiment 2, the intra-category interword time was negatively correlated with literacy, and the negative correlation between literacy and cluster

switches interword time tended towards significance. This suggests that education and literacy speed exemplar retrieval. The reasons for this may be twofold. On the one hand, literacy and formal education may have a generic effect: people

with low levels of formal education may have general difficulties at speeded responses, to which they are not used (e.g., [72]). On the other hand, for people with higher levels of education, who are literate, search for new exemplars may be

speeded by strategically using cues that are less available to illiterates and/or people with limited education, as grapho-phonological cues. In agreement with this idea, in the animal fluency task of both Experiments 1 and 2, the number of

grapho-phonological related words was highly correlated to total output. In Experiment 1, grapho-phonologically related words were more numerous in participants with higher levels of formal education, and in Experiment 2 there was a significant

correlation between the use of grapho-phonological cues and literacy level. This thus suggests that formal education, and, in particular, literacy does not only allow gaining new semantic knowledge, but also affords new retrieval cues. Yet, the

use of such cues seems also strongly linked to general intelligence and working memory, and in Experiment 2 the correlation between literacy and number of grapho-phonological related words was cancelledcanceled when partialing out these

factors.

Note that the effects of literacy were observed even though the literate participants examined in Experiment 2 had actually a rudimentary level of literacy. They were most likely stimulated by various reading-related activities proposed in

their literacy class, for instance to elaborate sentences including names of fruits, to write down shopping lists, to write names of animals, people, food, drinks, clothes, etc., to read and copy texts, and to detect or complete rhyming words [33].

Thus, both formal education and reading-related activities, at least when these are, in fact, more general educative activities, facilitate access to informational elements that people cannot access through direct experience and hence offer the

opportunity to broaden and refine knowledge about different semantic categories.

A further component of access to semantic information is the ability to shift to another subcategory after exhausting the previous one, which has been related to executive functions and frontal lobe functioning [69,70]. This was

estimated by examining the number of spontaneous between-subcategory switches in the animal fluency task of Experiments 1 and 2. There was an influence of formal education on the number of switches (Experiment 1), but no significant link

with literacy level (Experiment 2). In Experiment 2, we further investigated the impact of literacy on the switching component of fluency performance by using an alternating fluency task, in which switching was imposed and continuous, as

participants had to produce in alternation the name of a fruit and the name of a tool. This continuous switching task is known to induce greater difficulties in aged people or neurological patients compared to classic fluency tasks (e.g.,

[20,36,77]). This was observed here too: total correct output was lower, and the slope of the retrieval-position function was steeper in alternating compared to single-category (animal) fluency. More importantly for our purpose, although literacy

did correlate with total correct output in the alternating fluency task, this correlation was not robust. Indeed, it did not resist partialing out the correlation with working memory. Furthermore, across the two semantic fluency tasks used in

Experiment 2, the measures of inter-subcategories switching times were not correlated to each other, suggesting that they tap different facets of mental flexibility. In fact, the switching cost in the alternating fluency task may rather reflect task-

set inhibition, namely the capacity to select the appropriate task-set from competing possibilities (e.g., [2]).

Work on executive processes in illiterate and/or unschooled people is scarce, and most of it concerns language and offers relatively indirect evidence. For instance, Petersson and colleagues [44,45] applied a network approach based
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on structural equation modeling on PET data collected in word and pseudo-word repetition [9]. They reported a difference between literate and illiterate adults that they attributed to executive aspects of verbal working memory, as subserved by

the left middle-inferior dorsolateral prefrontal cortex. Here, in Experiment 2 we also observed a strong relation between literacy and working memory, as measured through a listening span task.

Yet, executive functions are not monolithic: they form a set of related but distinct functions (e.g., [16,39]). Knowing what exactly are the “working” aspects of the so-called working memory tasks, whether they are specifically dedicated

to working memory or “borrowed” from other cognitive functions and where they are located in the brain remain a matter of debate (see reviews in e.g., [5,11]). Hence, although an effect of literacy has been observed on working memory

performance [25], the specificity of the link with the switching component in semantic fluency as well as with other executive processes remains obscure. As illustrated by the strong correlations with working memory observed in the animal

fluency task of Experiment 2 for both total correct output and speed of intra-category access, executive processes, among which working memory, are probably relevant not only for switching but also for every single act of retrieval, including

updating the current search criterion and stopping or initiating single retrieval processes [35,36].

In any case, the present switching data are consistent with other results briefly mentioned by Morais and Kolinsky [40]. In an adaptation of the California Card Sorting Test (which implied shifting between five alternative classification

criteria), participants with high levels of formal education found more criteria, but no shifting difference was observed between illiterates, semi-literates and late literates (who never attended school in childhood but learned to read at adult age).

Our study further suggests that another component of executive processes that is involved in fluency tasks, namely the capacity to monitor the products of retrieval to prevent errors [54,71], is also unaffected by formal education and

literacy. As a matter of fact, in Experiment 1 no group difference was observed in terms of the number of repetitive responses, and in Experiment 2 this measure did not correlate with literacy. This result is consistent with a former study that

reported no significant difference in number of repetitions between illiterate and (schooled) literate adults [17]. In fact, the only study that reported an influence of formal education on number of repetitive responses showed that participants with a

higher level of formal education make more repetitions [24], probably because a higher level of education was also associated with increased total word production.

Thus, in terms of the several components that have been proposed to account for various experimental and individual differences effects in verbal fluency tasks [54,69,71], what our work show is that formal education and literacy

impact on at least two of these components: in illiterate people or people with limited formal education, activation spreading from the cue to related items is more restricted, as the network, i.e.i.e., content knowledge, is itself more restricted, and

the variety of retrieval cues is also more limited. But neither switching, nor monitoring the generated items, seems modulated by education and literacy. In addition, as do more formally educated people, adults with low levels of formal education,

including illiterates, display a hierarchical organization of categories, with taxonomic clustering and retrieval by semantic subcategory.
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Queries and Answers

Query:

Please confirm that given names and surnames have been identified correctly and are presented in the desired order.

Answer: ok, I confirmed

Query:

Please complete and update the reference given here (preferably with a DOI if the publication data are not known): [31]. For references to articles that are to be included in the same (special) issue, please add the words ‘this issue’

wherever this occurs in the list and, if appropriate, in the text.

Answer: replace the book title "Concepts: New directions" by

The Conceptual Mind: New Directions in the Study of Concepts.

And replace  year of publication by 2015

Query:

Please provide the citation of the footnote ‘d’ in Table 2.

Answer: footnote "d" should be deleted and footnote "e" should be labeled "d"

1For example, Yassuda et al. [76] mention a national survey reported in a Brazilian publication [58] according to which 57% of old adults in Brazil have only four years of education and 18% did never attend school.

2The category effect was also significant in the non-parametric Friedman ANOVA run on these data, χ2(4)=66.28, p<0.0001.

3Although there was no significant correlation between correct output and age (all rs <0.21, p>0.10), we checked that similar results were obtained when using age as covariate.

4Significant group differences were also observed for all categories when applying non-parametric Mann–Whitney U tests to these data, U=17, 47, 25.5, 43.5 and 18, all ps ≤0.025, for animals, working tools, furniture, domestic utensils and

vehicles, respectively.

5As recommended by Lakens [27], to estimate effect sizes we used Hedges׳ g, which is similar to Cohen׳s d, but less biased with small samples.

6The results were similar when age was introduced as covariate.

7Consistently, Mann–Whitney U test were significant for the three time slots, U=13, p<0.01, U=38.5, p<0.01, and U=53, p<0.025 for the first 30 s, between 30 s and one minute, and within the last minute.

8The results were similar when age was introduced as covariate. In addition, the difference between groups was not significant in the Mann–Whitney U test ran on the difference between the first and last third of retrieval positions, U=101,

p>0.10, which corresponds to the group by retrieval position interaction in the ANOVA.

9This difference was also significant according to the Wilcoxon matched pairs test, Z=4.89, p<0.0001.

10The results were similar when age was introduced as covariate. In addition, the difference between groups was not significant in the Mann–Whitney U test ran on the difference between inter- and intra-category times, U=152, p>0.10, which

corresponds to the group by interval type interaction in the ANOVA.

11A parametric analysis with age as covariate led to a similar result, with a significant group effect, F(1, 28)=15.91, p<0.0005, ηp
2=0.36.

12Note that the partial correlations that remove the effect of total output, PM38, working memory, or word span also take into account the correlation between literacy and total output, PM38, r(26)=0.54, p<0.01, working memory, r(26)=0.58,

p<0.01, or word span, r(26)=0.14, p>0.10, respectively.

13The task effect was also significant in the non-parametric Friedman ANOVA run on these data, χ2(4)=33.82, p<0.0001.

r׳s

.s≤0׳
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