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A comparison of the impact of digital games eliciting explicit and implicit learning processes in preschoolers
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In order to design age-appropriate digital games, it is necessary to make better use of our existing knowledge about learning processes and adopt a true developmental perspective, as the impact of digital games can vary depending on the evolution of the child's cognitive resources with age. The present study compared the impact of digital games that primarily elicit either explicit or implicit learning processes on the acquisition of uppercase letter names in preschoolers aged 3 to 5 years. During a 6-week play session, 144 children were invited to play with implicit or explicit learning-based games run on digital tablets at school individually during their free periods. Their knowledge of letter names, as well as that of the control group, was assessed before and after the play session. The results revealed that the implicit games were more effective than the explicit games and the control condition at ages 3 and 4. In contrast, the 5-year-olds' knowledge of uppercase letter names improved the most with the explicit games when compared to the control group. Most importantly, this study illustrates the interest of studying the effectiveness of digital games by considering the cognitive processes they mobilize and the learner's level of development.

Introduction

The main motivation for this study was to open up hitherto little-explored avenues of research in order to improve the construction of effective digital educational games. To design age-appropriate digital games, it seems necessary to make better use of existing knowledge about learning processes and to adopt a true developmental perspective, because the impact of digital games can vary depending on the evolution of the child's cognitive resources with age.

Educational tools have evolved considerably with the advent of the digital age and innovative digital tools have emerged over the last three decades. Teachers and researchers are now increasingly recognizing that digital games are worth exploring for learning purposes (e.g., [START_REF] Kim | Not just fun, but serious strategies: Using meta-cognitive strategies in game-based learning[END_REF][START_REF] Schöbel | Two decades of game concepts in digital learning environments -A bibliometric study and research agenda[END_REF]. Play, particularly using digital media, appears ideal for enhancing learning processes (e.g., [START_REF] Prensky | Digital game-based learning[END_REF] as well as for promoting motivation [START_REF] Huang | Sustaining iterative game playing processes in DGBL: The relationship between motivational processing and outcome processing[END_REF][START_REF] Papastergiou | Digital game-based learning in high school computer science education: Impact on educational effectiveness and student motivation[END_REF]; see however [START_REF] Wouters | A meta-analysis of the cognitive and motivational effects of serious games[END_REF], interest in learning [START_REF] Iten | Learning with serious games: Is fun playing the game a predictor of learning success[END_REF] and learning confidence [START_REF] Huang | Embedding diagnostic mechanisms in a digital game for learning mathematics[END_REF]. The idea that play is one of the fundamental activities through which children learn and discover the properties of the world around them has been well established among developmental psychologists for over 50 years (e.g., [START_REF] Piaget | La formation du symbole chez l'enfant[END_REF] and [START_REF] Vygotsky | Mind in society[END_REF]. In addition, in a world awash in digital technologies and where children have been described as true 'digital natives' [START_REF] Prensky | Digital game-based learning[END_REF], digital games are highly appealing from an early age, whether they are run on tablets, computers, smartphones, or other digital platforms. Teachers and game designers alike quickly caught onto the idea of exploiting this attractive digital technology for educational purposes, with the result that a wide variety of educational digital games are now available (e.g., [START_REF] Blumberg | Learning by playing: video gaming in education[END_REF]. It has indeed proved very tempting to take advantage of the appeal that digital games hold for children and to use them for both pedagogical and remedial purposes (e.g., [START_REF] Pandian | Digital health interventions (DHI) for the treatment of attention deficit hyperactivity disorder (ADHD) in children -a comparative review of literature among various treatment and DHI[END_REF][START_REF] Ronimus | Supporting struggling readers with digital game-based learning[END_REF][START_REF] Saine | Computer-assisted remedial reading intervention for school beginners at risk for reading disability[END_REF]. Despite some initial reluctance on the part of teachers [START_REF] Wastiau | How are digital games used in school?[END_REF], the integration of digital games into classroom instruction has increased over the past decade [START_REF] Dubé | Policies to guide the adoption of educational games into classrooms[END_REF].
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Of course, if the effectiveness of digital games in terms of learning outcomes can be clearly demonstrated, this should also contribute greatly to their acceptance by teachers. A large body of research has been devoted to this issue and has primarily compared the impact of digital game-based learning with that of traditional classroom instruction. In short, numerous studies have indicated that participants learn equally well when taught with digital games or in a traditional learning environment, a great number have concluded in favor of digital games and only a few in favor of conventional instruction [START_REF] Acquah | Digital game-based L2 learning outcomes for primary through high-school students: A systematic literature review[END_REF][START_REF] Fadda | Effects of digital games on student motivation in mathematics: A meta-analysis in K-12[END_REF][START_REF] Furio | Evaluation of learning outcomes using an educational iphone game vs traditional game[END_REF][START_REF] Rachels | The effects of a mobile gamification app on elementary students' spanish achievement and selfefficacy[END_REF][START_REF] Tsai | Digital game-based second language vocabulary learning and conditions of research designs: A meta-analysis study[END_REF]. These results encourage us to propose lines of research that can help fine-tune the design of digital educational games.

Two lines of inquiry

A first line of research focuses on the concept of learning. Digital education should not be reduced to a strategy of digitizing the educational methodology of the past. Along with digitization, there is, as stressed by [START_REF] Hirsh-Pasek | Putting education in educational apps: Lessons from the science of learning[END_REF], a need to exploit existing knowledge about learning processes in order to better support children's education (see also [START_REF] Brom | Implementing digital game-based learning in schools: augmented learning environment of 'Europe 2045[END_REF][START_REF] Papadakis | Developing and exploring an evaluation tool for educational apps (E.T.E.A) targeting kindergarten children[END_REF] and, indeed, a number of studies have adopted this approach. For example, [START_REF] Elimelech | Using a digital spelling game for promoting alphabetic knowledge of preschoolers: The contribution of auditory and visual supports[END_REF] developed a digital game aimed at promoting early literacy skills based on Paivio's dual-coding theory (see also [START_REF] Furio | Evaluation of learning outcomes using an educational iphone game vs traditional game[END_REF][START_REF] Kyle | Assessing the effectiveness of two theoretically motivated computer-assisted reading intervention in the United Kingdom: GG rime and GG phoneme[END_REF]. The main aim of the present quasi-experiment, which compared the impact of digital games eliciting different learning processes, was to underpin the approach to game development with knowledge from the field of the learning sciences. Most digital game-based learning applications place the learners in meaningful contexts where they are invited to develop hypotheses. They then test these hypotheses, inevitably making errors that generate feedback, and consequently improve them [START_REF] Van Der Graaf | Discovering the laws of physics with a serious game in kindergarten[END_REF][START_REF] Van Eck | Digital game-based learning: It's not just the digital natives who are restless[END_REF]. The learning processes underlying this type of digital game are explicit and intentional and are demanding in terms of mental effort and working memory [START_REF] Stadler | Distinguishing implicit and explicit learning[END_REF]. Their aim is to develop explicit knowledge that learners can express verbally (e.g., [START_REF] Verbruggen | Effectiveness of educational technology in early mathematics education: A systematic literature review[END_REF][START_REF] Wu | The effects of english vocabulary learning with digital games and its influencing factors based on the metaanalysis of 2160 test samples[END_REF][START_REF] Xu | A scoping review of digital game-based technology on English language learning[END_REF]. Most of the educational apps for preschoolers available in Apple's app store, for example, rely on an explicit learning strategy, albeit one that primarily takes the form of ''drill-and-practice'' [START_REF] Papadakis | Educational apps from the android Google play for greek preschoolers: A systematic review[END_REF]. However, learning can also be supported by non-intentional automatic processes such as those involved in implicit learning. Despite divergencies concerning the mechanisms involved, it is commonly accepted that implicit learning covers all forms of spontaneous and effortless learning which are automatically elicited during the continuous interactions that occur between individuals and their structured environment. Through these interactions, individuals unconsciously acquire relevant information about the world around them without intending to learn anything about it (e.g., [START_REF] Cleeremans | Mechanisms of implicit learning: connectionist models of sequence processing[END_REF][START_REF] Perruchet | Implicit learning[END_REF][START_REF] Reber | Implicit learning and tacit knowledge: an essay on the cognitive unconscious[END_REF]. A few studies have shown that implicit learning does indeed occur during gaming sessions (see [START_REF] Asbell-Clarke | Scientific inquiry in digital games[END_REF][START_REF] Cadavid | Play as a vehicle for enhancing reading skills in children with poor reading ability[END_REF][START_REF] Rowe | Serious games analytics to measure implicit science learning[END_REF][START_REF] Rowe | Assessing implicit science learning in digital games[END_REF]. By way of example, [START_REF] Rosas | Beyond Nintendo: Design and assessment of educational video games for first and second grade students[END_REF] designed video games for the incidental teaching of reading comprehension, spelling and basic math skills to first and second grade children. Their results revealed a significant positive impact of these games, but no comparison with explicit games was performed in this study.

A second way to improve the design of digital games, which is not commonly used in practice, lies in adopting a genuine developmental perspective [START_REF] Ivory | On the need for developmental perspectives in research on the potential positive and negative health effects of digital games[END_REF]. It is not only important that child-computer interaction analyses cover all developmental periods [START_REF] Flynn | A narrative review of methods used to examine digital impacts on learning and cognition during middle childhood[END_REF]. It may also be equally important to differentiate between age groups at a finer level, as is usually the case in developmental psychology. Indeed, depending on how they are designed, digital games can have a different impact at different ages because of the drastic changes in children's cognitive resources with age. [START_REF] Reich | Missed opportunities on webkinz when developmental abilities are not considered[END_REF] have sought to make designers of educational virtual environments aware of the need to take account of children's existing and emerging cognitive and social capacities. More specifically, they analyzed the cognitive and social prerequisites that the Webkinz virtual platform considers necessary if users are to succeed in the various games and educational tools it offers. They identified overly high requirements in terms of categorization skills and the understanding of higher-order class-inclusion properties for elementary school children, i.e. the platform's target audience, and this to some extent compromises the intended goal of advancing children cognitively and socially. Similarly, [START_REF] Callaghan | Applying a developmental lens to educational game designs for preschoolers[END_REF] emphasized, among other issues, the importance of considering young children's limited attentional capacity (e.g., [START_REF] Plude | The development of selective attention: A life-span overview[END_REF] when creating visual stimuli in educational digital games. These stimuli can quickly become too attractive on their own, possibly preventing children from learning.

Our theoretical framework combines these two lines of research.

Theoretical framework

In the theoretical framework underpinning the present study, implicit and explicit learning processes are conceived of as being radically different. According to the Self-Organizing Consciousness model [START_REF] Perruchet | The self-organizing consciousness[END_REF], 2021), the former consist in associative learning processes that are mandatorily elicited whenever multiple stimuli or events simultaneously enter the participants' attentional focus, binding them together to create a new cognitive unit. The more frequently these stimuli co-occur, the more fluidly the newly built cognitive unit will guide the participants' perception of the learning situation, feeding their phenomenological experiences. The explicit learning processes are elicited whenever intention and/or explicit instructions guide learning, memory storage, and retrieval. They can be associative (e.g., learning by rote), but mostly involve more sophisticated mental operations like hypothesis-testing. Executive functions, and working memory in particular, constitute significant constraints for explicit learning.

At the developmental level (see e.g., [START_REF] Perruchet | Learning and development: the implicit knowledge assumption reconsidered[END_REF], implicit learning processes emerge earlier than explicit processes. They capture the regularities present in the environment that children can attentively process, thus slowly building a knowledge base that increasingly familiarizes them with the world around them. We therefore expected educational games based on implicit learning processes to be the more efficient type of game at the beginning of any new learning phase. However, when sufficient underlying knowledge or an adequate feeling of familiarity with the learning situation has been acquired, hence making the situation immediately meaningful for children, explicit processes oriented by clear instructions are likely to become the more efficient learning processes because learners intentionally recruit all their cognitive resources. In this second developmental step, we therefore expected better performance with explicit educational games than with implicit games. Because working memory, which greatly limits explicit learning, evolves rapidly in the age period of interest in our study, i.e. between 3-4 and 5-6 years of age [START_REF] Cowan | On the capacity of attention: Its estimation and its role in working memory and cognitive aptitudes[END_REF][START_REF] Pailian | Visual working memory capacity increases between ages 3 and 8 years, controlling for gains in attention, perception, and executive control[END_REF][START_REF] Simmering | The development of visual working memory capacity during early childhood[END_REF], we decided to compare the respective benefits of games based on explicit and implicit learning processes in preschoolers. These subjects were divided into three age groups on a year-by-year basis, as is usually the case in developmental psychology.

At the level of learning content, the present experiment focused on letter-name knowledge (LNK), i.e., the ability to associate visual information (the letter shape) with auditory information (the letter name). LNK is, of course a basic literacy skill. However, this should not be viewed negatively as seems to be the case in the analysis by [START_REF] Papadakis | Educational apps from the android Google play for greek preschoolers: A systematic review[END_REF], who favor more comprehensive educational applications that incorporate typical explicit information processes such as problem-solving or creative thinking. It is, however, crucial that children develop such basic skills before learning to read and LNK is widely recognized across different languages as a major predictor of the successful development of later and more complex literacy skills [START_REF] Mcbride-Chang | The ABCs of the ABCs: The development of letter-name and letter-sound knowledge[END_REF][START_REF] Treiman | The role of letter names in the acquisition of literacy[END_REF].

The literature shows that both explicit and implicit learning processes contribute to literacy development [START_REF] Gombert | Implicit and explicit learning to read: implication as for subtypes of dyslexia[END_REF][START_REF] Treiman | Beginning to spell: a study of first-grade children[END_REF][START_REF] Zhang | Preschool children's knowledge of letter patterns in print[END_REF]. [START_REF] Labat | Multisensory letter integration and implicit learning of reading with 5-yearold children[END_REF] reported that 5-year-olds discriminated grapho-phonemic correspondences better in an implicit learning task, but no comparison with an explicit learning approach was undertaken in this study. Regarding existing educational digital games, GraphoGame (or GraphoLearn, [START_REF] Lyytinen | Supporting acquisition of spelling skills in different orthographies using an empirically validated digital learning environment[END_REF][START_REF] Saine | Computer-assisted remedial reading intervention for school beginners at risk for reading disability[END_REF] aims to train children to associate auditory utterances (e.g., phonemes, syllables) with their visual correspondences (connections between spoken and written units of different sizes) using only explicit learning processes. Although these games have been shown to be effective in promoting lettersound knowledge in young children [START_REF] Bempt | Digital game-based phonics instruction promotes print knowledge in pre-readers at cognitive risk for dyslexia[END_REF], their impact has not been compared to similar games that mobilize implicit learning processes.

Two research questions (RQs) were therefore addressed in the present study. RQ1: Can implicit and explicit educational games stimulate LNK in preschoolers compared to a no-game control condition? RQ2: Is an age-related difference in the impact of explicit or implicit educational games on LNK observable between the ages of 3-4 and 5-6 years?

Method

Participants

One hundred forty-four kindergarten children were enrolled in the experiment. They were divided into three groups: firstgrade kindergarteners (n !"47, 25 girls and 22 boys, mean age of 3.4 years, hereafter the 3-year-old group), second-grade kindergarteners (n !" 52, 25 girls and 27 boys, mean age of 4.6 years, hereafter the 4-year-old group) and third-grade kindergarteners (n !" 45, 22 girls and 23 boys, mean age of 5.6 years, hereafter the 5-year-old group). The recruited kindergarten schools were located in middle-class peri-urban districts. In each group and classroom, some of the children played with explicit games (for the 3-, 4-and 5-year-old group, n !" 20, n !" 19 and n !" 17, respectively), the others with implicit games (n !" 18, n !" 23 and n !" 17, respectively). The remaining thirty children (n !" 9, n !"10 and n !"11, respectively) did not play with the games and formed a control group. Thus, within each class, children were randomly assigned to the explicit or implicit game groups or were enrolled in the control group.

None of the children were educationally advanced or retarded, and their vision was normal or corrected to normal. All were native French speakers, although 15 of the 144 children came from families who spoke a language other than French at home. The children played with the digital games in their classroom and were tested individually before and after the gaming session.

This study was conducted in accordance with the ethical standards set out in the 1964 Declaration of Helsinki, and written parental consent was obtained for each participating child (six parental refusals were received because of the use of digital devices). The parental consent letter specified the maximal duration of interaction with the digital games (not longer than 15 min) as well as the number of times per week that they would be accessible to the child (not more than twice a week). At the same time as they were asked to consent to their child's participation, the parents were also asked not to attempt to teach their child the names of the letters during the gaming period. Furthermore, even when parental consent was given, only willing children participated in the study and they were never obliged to do so. The study was approved by a local ethics committee (No. UBFC2021-03-30-002).

Material

All the games were run on digital Samsung Galaxy Note 10.1 tablets, as preschoolers can handle these devices relatively easily [START_REF] Hirsh-Pasek | Putting education in educational apps: Lessons from the science of learning[END_REF]. Three implicit and three explicit games were installed on the tablets. To design the implicit games, we inserted learning content into pre-existing recreational games so that implicit learning processes were automatically elicited. For those based on explicit learning, we adapted existing commercial games so that they focused specifically on LNK. A variety of games were accessible to the children in order to keep them as attentive and motivated as possible to play with the tablets during the gaming phase. To make it possible to record individual data, the children's photographs and names were uploaded onto the tablets, and each child had to press his/her own photograph to start playing. The number of times they were exposed to each letter-name association during the games was recorded. Four tablets were available in each classroom.

Rationale and research questions

Thus, our goal was not to create new educational digital games for preschoolers, but to test the effect of different learning processes on children of different ages. Our purpose in doing so was to help designers of educational game applications identify the most appropriate processes to mobilize depending on the target audience and skills to be learned. More specifically, the challenge was to estimate the potential interest of learning through implicit games, since such games would constitute an innovative new addition to the current wide offer of educational digital games for preschoolers.

To promote acceptance by teachers and parents, the educational content of such games and the intended learning outcomes must be clearly identified [START_REF] Parker | Learning through play at school -A framework for policy and practice[END_REF], they must dovetail smoothly with the educational curriculum, and they must be child-friendly (e.g., [START_REF] Walker | Evaluating the effectiveness of apps for mobile devices[END_REF]. The games must also be evaluated in the light of objective pedagogical criteria. Too many digital games have simply been self-proclaimed as ''educational'' [START_REF] Hirsh-Pasek | Putting education in educational apps: Lessons from the science of learning[END_REF], while a rational evaluation has revealed that most of them do not meet children's needs [START_REF] Papadakis | Designing and creating an educational app rubric for preschool teachers[END_REF][START_REF] Papadakis | Educational apps from the android Google play for greek preschoolers: A systematic review[END_REF]. The present study fulfills these requirements.

To our knowledge, the existing literature does not address the question of the differential impact of educational games involving explicit or implicit learning processes on promoting early literacy skills in preschoolers. It should be noted that the present study focused on LNK and not letter-sound knowledge, as was the case in the above-mentioned studies. precisely, mimicking a teaching procedure used in school, these games aimed to teach associations between a letter (visual and auditory presentation) and a word beginning with that letter (visual and auditory presentation). The children were explicitly asked to memorize the letter shape-letter name association in order to succeed in the game. Immediate feedback was always given, indicating whether the responses were correct or incorrect. Overall, the explicit games were more complex than the implicit games and we will take this factor into account when comparing their respective impacts.

2.2.2.1.

The explicit memory game. (see Fig. 2). The goal was to find the correct pairs formed by the visual image of a letter (e.g., R in Fig. 2) and the visual image of an object whose name begins with this letter (e.g., ''renard''/fox in Fig. 2). For example, if the children turned over a card with a letter (e.g., R) or a picture (e.g., ''renard''/fox), they heard either the corresponding letter name [Er] or the name of the depicted object [r9nAr] (fox) and then had to find the corresponding card, i.e., either the visual image of a fox or the printed R-card. When a card was turned over, it became white (e.g., ''dolphin'' in Fig. 2). When two cards forming a correct pair were uncovered, they became gray and inactive (i.e., R and 'fox').

The association game.

When the children selected a letter, that letter, its name, and a word beginning with that letter (e.g., oral input ''S of snake'') were presented twice together with a picture illustrating the word (e.g., a representation of a snake). First, the children were asked to match the letter with the correct picture (e.g., ''slide the S onto the snake'') among four possible candidates. They then had to indicate the illustration of this letter (visual stimulus) among several different candidates in response to its name (e.g., ''touch the S''). Finally, the reverse association was asked for (e.g., ''slide the snake onto the S'') and four possible candidate letters were again presented.

The lotto game.

Each child had a 2 #"3 grid with six cards.

In one version of the game, the six cards were pictures. A letter, its name and a word beginning with that letter were presented (e.g., ''S of snake''), and the child had to drag the letter onto the corresponding picture (among six candidates). In a second version of the game, the six cards were letters and on hearing the letter name (e.g., ''S of snake''), the child had to drag the picture onto the corresponding letter.

The material used for testing the children before and after the gaming session consisted of 26 small cards of 3 #"3 cm, each with a centered uppercase letter printed on it in black.

Procedure

Pretest/posttest

The children's LNK of the 26 letters of the alphabet was tested individually before and after the gaming phase. The pretest took

Implicit games

We adapted commercially available children's games (Memory game, Simon game, Tic-Tac-Toe game) to ensure that they promoted the automatic elicitation of associative implicit learning processes during the normal progress of play. To this end, we followed the advice of [START_REF] Vinter | Implicit learning, development and education[END_REF] who defined four main structural features that any implicit learning situation should provide: no exposure to errors, saliency of the learning material, repetition of the to-be-learned content, and no explicit attention to the material to be learned, meaning that there was also no feedback (see also [START_REF] Vinter | Isolating unconscious influences: The neutral parameter procedure[END_REF]. The implicit games consisted of the incidental teaching of an association between the visual image of an uppercase letter and its name (auditory stimulus) while the participant was playing. In none of them did success in the game or the instructions given to the children require them to learn the letter-name associations.

2.2.1.1. The implicit memory game (see Fig. 1). The objective of the game was to find pairs of identical cards. To do this, the children had to touch two cards in succession among 12 or 28 cards displayed in a grid (of 4 #"3 as in Fig. 1, or of 7 #"4). When a card was touched, a letter (visual stimulus) appeared together with its name (auditory stimulus) and it became white (e.g., T in Fig. 1). When two identical letters were uncovered, they became gray and inactive (e.g., R in Fig. 1). The children were successful if they discovered the positions of two identical cards in the same sequence. To succeed in this game, the children had to match visual shapes, i.e., cards with identical letters, and memorize their positions, but never to learn the association between each letter and its name.

The tic-tac-toe game.

The objective of the game was to place three identical cards (letters) vertically, horizontally, or diagonally in a 3 #" 3 grid. When the child touched a card in the grid, a letter (visual stimulus) was revealed and its name (auditory stimulus) was simultaneously spoken aloud.

The simon game.

The player was asked to reproduce an increasingly long sequence of illuminated positions by pressing buttons. Each time a button was pressed, a letter (visual stimulus) appeared, and its name (auditory stimulus) was simultaneously spoken aloud. The participants were successful as long as they reproduced the sequence of illuminated locations correctly (their attention was never drawn to the letters or to the letter-name associations).

Explicit games

The explicit games were inspired by educational games available on the digital game market (e.g., ''ABC Rigolo'' by Hachette). In all of them (see Fig. 2), the children's attention was explicitly drawn to the letter shape-letter name associations. More place at the beginning of the first term of the school year, and the posttest during the second term, just before the teaching of uppercase letter name began in the second grade of kindergarten. It was therefore only for children in the third grade of kindergarten that our intervention was accompanied by systematic explicit teaching in class.

The cards were presented in a random order. The experimenter showed a card with a printed letter to the child and asked: ''Do you know the name of this letter? Can you tell me its name?'' The child's response was recorded and coded as correct or false. A different order was used for each child and each phase (pretest/posttest).

Familiarization phase

The experimenter, accompanied by the teacher, showed the children how to use the tablets (in particular, how to access their own names/photographs) and how to run the games they had access to. This demonstration phase lasted around 20 min and was given in small groups of four to six children of the same age and assigned to the same experimental group. The teacher and the classroom assistants remained available during the entire gaming period to help any children who encountered in using the tablets. Most of the 4 to 5-year-olds had already used digital tablets, either to watch cartoons or to play games. The younger children were familiar with this type of equipment even though most of them did not know how to use it. However, after a demonstration and additional help during the first two gaming weeks, they quickly became autonomous in their interactions with the tablets.

Gaming phase

The children had access to the tablets during their free periods at school. In each class, 2 tablets were always allocated to children playing explicit games and the other 2 to those playing implicit games, so that the overall duration of play time was similar in the two conditions. The children were strongly encouraged to play, but they were not obliged to. Consequently, some of them played very often and others much less frequently. Additionally, depending on the total number of times the children ran the games, they could be exposed to a larger or smaller subsection of the alphabet. It should also be noted that, due to their design, the explicit games took longer presenting each letter-name association (see, for example, the association game) than the implicit games, in which the associations followed one another rapidly (see, for example, the Simon game). Every time the children played a game, a random selection of letter-name associations was presented. They played individually and were equipped with a headphone to reduce potential disturbances in the playing room due to the simultaneous presence of other players. Informal reports from the teachers and assistants indicated that in both learning conditions, children preferred playing with the Memory game, with which they were familiar.

The gaming period lasted 6 weeks.

group was not acceptable to the teachers and a between-subject design for the control group also had obvious shortcomings due to a potential teacher effect. This forced us to be cautious when comparing the performances of the groups, as children were not randomly assigned to the control group in the way that they were to the other two groups.

The pretest and posttest assessed the children's LNK on the full alphabet in the three groups (explicit/implicit/control). Six children displayed ceiling performance in the pretest, naming all 26 letters correctly. Their data were excluded from the analyses (the initial sample included 150 children). Concerning the gaming phase, the proportions of to-be-learned associations the children encountered and the mean number of repetitions of these associations were computed for the children assigned to the explicit or implicit game group by merging the data across the games over the gaming session. Two learning gain scores were computed: an absolute gain score (the percentage of LNK in posttest minus the percentage of LNK in pretest) and a relative gain score (N-gain score, Hake (1998)) that considers the change between pretest and posttest in the light of the child's remaining LNK progression margin, measured on the basis of the level of prior knowledge in the pretest (absolute gain divided by 100% minus the percentage of LNK at pretest). When computing these scores, we excluded five letters (C, G, H, W, and Y) whose names and sounds are only weakly related in French. The number of letter-name associations to be learned was therefore 21. The distribution of the learning gain scores did not deviate significantly from normality (Shapiro-Wilk test, p > .50). Univariate ANOVAs with Group (explicit/implicit/control) or Games (explicit/implicit) and Age (3 years/4 years/5 years) as between-subject factors were run on the different variables.

Results

We first checked that the proportions of the 21 to-be-learned letter-name associations encountered during the game (control group excluded), as well as their mean number of repetitions, were high enough to allow a comparative analysis of the impact of the two game categories. Fig. 3 presents these results as a function of Game and Age.

Fig. 3 A shows that the children were exposed to a very large proportion of the 21 associations to be learned (around 90% on average). However, the ANOVA revealed a significant Game effect, F (1, 108) !"4, p !".049, η 2 !".036, with a larger proportion seen p by children playing with the implicit (M !" 95.1%, SD !" 13.2%) rather than the explicit games (M !" 89%, SD !" 17%), although the significant interaction between Game and Age indicated that this Game effect was present mainly at 3 years of age, F (2, 108) !"3.5, p !".034, η 2 !".06. Fig. 3B shows that, on average, the children p who played with the implicit games encountered each association around three times more often (M !"37.8, SD !"26.4) than those who played with the explicit games (M !"12.1, SD !"6.8), F (1, 108) !"504, p < .001, η 2 !".32. The Age effect was significant, F (2, p 108) !"5.9 p !".004, η 2 !".098, with the greatest exposure to the 2.4. Data analysis p associations to be learned being observed at age 4. Moreover, as indicated by the significant Game #"Age interaction, F (2, 108) !"

We first checked whether the children played with the tablets for a reasonable amount of time. Thirteen did not play at all and seventeen played so infrequently that they experienced less than two repetitions of each letter-name association encountered over the entire gaming session. They served as control children, attending the same classes as those who played with the explicit or implicit games, with 9 children at age 3, 10 at age 4 and 11 at age 5, thus controlling for the potential effects of the teachers' instructions in the classroom. Although this control group was clearly not ''ideal'', the idea of setting up an a priori control 4.6, p !".012, η 2 !".079, the advantage of the implicit games in p terms of exposure to the associations to be learned was much less consistently observed at age 5 than at the younger ages.

Before comparing the performance of the children assigned to each of the three groups, we verified that these groups did not differ from each other with respect to their initial level of LNK assessed in the pretest. T-tests showed that none of the comparisons proved to be significant, ps > .23. The effect of gaming was examined by carrying out univariate ANOVAs with Group 3, p < .05, whereas this difference did not reach significance at age 5, p !" .48. It is worth noting that at age 3, playing with the implicit games also led to better relative learning gain scores than were observed in the explicit games group, p < .05.

(explicit/implicit/control) and Age (3 years/4 years/5 years) as between-subject factors on the two learning gain scores, followed by post hoc comparisons using Bonferroni corrections. The results are illustrated in Fig. 4 (4A: Absolute gain scores; 4B: Relative gain scores).

The ANOVA run with the absolute gain scores revealed a

Discussion

Studies going back several decades have demonstrated the positive role that digital learning games can play in child and adult development (e.g., [START_REF] Iten | Learning with serious games: Is fun playing the game a predictor of learning success[END_REF][START_REF] Mayer | Young adults learning executive function skills by playing focused video games[END_REF][START_REF] Mcfarlane | Report on the educational use of games: An exploration by TEEM of the contibution which games can make to the education process[END_REF]. A wide variety of academic subjects (e.g., mathematics, physics, literacy, second language) as well as more societally-oriented topics (economy, sustainable development, ecology, handicap and so on.. . ) or general cognitive functions (e.g., executive functions) have provided material for the creation of digital games. It is now worth studying how to improve digital game-based learning by exploring the impact of eliciting different learning processes when designing these games [START_REF] Wang | The effects of game strategy and preferencematching on flow experience and programming performance in game-based learning[END_REF] or by adopting a developmental perspective to test their effect at different ages [START_REF] Acquah | Digital game-based L2 learning outcomes for primary through high-school students: A systematic literature review[END_REF]. Pursuing these lines of research, two main research questions guided the present experiment, one being whether implicit and explicit educational digital games can stimulate LNK in preschoolers, and the other asking whether these two categories of games can have a different impact depending on the age of the child. To answer these questions, the study compared the impact of digital games that primarily elicit either explicit or implicit learning processes on LNK acquisition in preschoolers aged 3 to 5 years. The effectiveness of implicit and explicit learning games was tested in children attending the same classes, so that the simultaneous influence of literacy significant Group effect, F (2, 135) !" 11.9, p < .001, η 2 !" .15. p As illustrated in Fig. 4A and confirmed by Scheffé post hoc comparisons, the gaming effect was stronger with the implicit games than with the explicit games or in the control group, ps < .01, and stronger with the explicit games than in the control group, p !" .05. Age was not significant, F (2, 135) < 1, but there was a significant interaction between Group and Age, F (4, 135) !" 2.89, p !".025, η 2 !".079. The children in the implicit games p group outperformed those in the explicit games group at 3 and 4 years of age, but not at 5 years of age, p !" .13. Similarly, the performance of the children playing with the implicit games was better than that of the control group at age 3 and age 4, but not at age 5, p !" .17. The analysis of the relative gain scores confirmed that the children in the implicit games group made more progress than those in the other conditions, F (2, 135) !" 5.59, p !".005, η 2 !".077. These scores improved significantly p with age, particularly with the explicit games, F (2, 135) !"13.2, η 2 p < .001, !".16. The significant Age by Group interaction, p F (4, 135) !"2.55, p !".042, η 2 !".07, indicated that at age 5, p the children playing the explicit games outperformed those in the control group, p !".05, whereas this difference was not significant at age 3, p !" .71. Conversely,q the children playing with the implicit games outperformed those in the control group at age activities at school was the same in the two groups. In addition, comparisons were also made with control children drawn from the same classes.

It is worth noting that, from an early age, the children showed themselves capable of using our digital games autonomously, as teachers expect from educational applications [START_REF] Rosas | Beyond Nintendo: Design and assessment of educational video games for first and second grade students[END_REF]. The children genuinely enjoyed the games, as indicated by the large number of repetitions of the letter-name associations they were confronted with. Given that we adapted well-known recreational games (Memory, Simon game) to construct the implicit games, the ''tension'' between play and learning [START_REF] Brom | Implementing digital game-based learning in schools: augmented learning environment of 'Europe 2045[END_REF] could have been detrimental to learning with these games, with the excitement of the game taking precedence over the attention needed for any learning. This was not the case and the children learned incidentally while playing. This result is a major contribution to the field as it could help open up a promising avenue for the design of innovative educational apps. However, the study also revealed important findings regarding these implicit games when compared to explicit games.

On the one hand, both implicit learning-based games and explicit learning-based games had an effective impact on children's LNK compared to the control condition, showing that when implicit learning processes are properly implemented, even recreational games can indeed contribute to children's learning (RQ1). On the other, implicit learning-based games were found to be more effective than explicit learning-based games at ages 3 and 4, but not at age 5, with 5-year-olds' LNK improving the most with explicit learning-based games compared to the control group. This shows that the impact of digital games may well vary across ages depending on the learning processes they primarily engage (RQ2).

Several explanations, which are not mutually exclusive, can be put forward to account for these results. The explicit games were necessarily more demanding in terms of working memory requirements and were cognitively more complex than the implicit games, which focused on simpler perceptual processes (matching visual shapes). This may explain why younger children aged 3 and 4 years, with poorly developed executive function skills (e.g., [START_REF] Swanson | Verbal and visual-spatial working memory: What develops over a life span[END_REF], did better with the less cognitively demanding implicit games. Verbruggen et al. (2020) pointed out that the limited cognitive resources of young children can affect the effectiveness of digital learning games when, for example, understanding instructions or manipulating the games places an excessive load on children's capabilities.

Another explanation, which emphasizes the role of prior knowledge, could be added to this account. With reference to the theoretical model adopted here [START_REF] Perruchet | The self-organizing consciousness[END_REF], it could be suggested that a learning method based on implicit processes will be more effective during the first phase of any learning, when learners are still completely new to the skill to be acquired. [START_REF] Reber | Implicit learning and tacit knowledge: an essay on the cognitive unconscious[END_REF] demonstrated that implicit learning processes are more effective than explicit ones in complex learning tasks. A task appears all the more difficult, and therefore complex, to learners while they are still novices with a low level of prior knowledge. In our study, 3-year-olds knew on average only 3 uppercase letters before beginning game-based learning, whereas 5-year-olds knew 14 letters. Implicit learning processes help to generate a progressive feeling of familiarity with the learning situation [START_REF] Servan-Schreiber | Learning artificial grammars with competitive chunking[END_REF]) by modifying the learner's subjective phenomenological experience and the way the learning situation is perceived [START_REF] Perruchet | The self-organizing consciousness[END_REF]. It is likely that when the initial level of LNK is far from negligible (as was the case at age 5), hence making the situation meaningful to them, children immediately perceive an unknown letter-name association as ''novel'', thereby prompting learning. The explicit gaming condition would be better able to appropriately mobilize children's attention and the cognitive abilities necessary to memorize the not yet known association.

Finally, one further explanation might account for the significant differences observed between the frequencies with which children are exposed to the associations to be learned in implicit and explicit games. Frequency-based learning effects are generally observed in both explicit and implicit learning conditions (for language learning, see, e.g., [START_REF] Hamrick | Frequency effects, learning conditions, and the development of implicit and explicit lexical knowledge[END_REF][START_REF] Kidd | Examining the role of lexical frequency in children's acquisition and processing of sentential complements[END_REF]; for a frequency-based account of implicit learning, see, e.g., [START_REF] Johnstone | Abstractionist and processing accounts of implicit learning[END_REF][START_REF] Perruchet | Implicit learning[END_REF]. A large body of research has shown that associative mechanisms cause high-frequency patterns, whether auditory or visual, to be learned better than low-frequency ones in both children and adults (e.g., [START_REF] Fiser | Unsupervised statistical learning of higher-order spatial structures from visual scenes[END_REF][START_REF] Lieven | Input and first language acquisition: Evaluating the role of frequency[END_REF][START_REF] Perruchet | Synthetic grammar learning: Implicit rule abstraction or explicit fragmentary knowledge[END_REF][START_REF] Saffran | Statistical language learning: Mechanisms and constraints[END_REF]. Children who played with the implicit games encountered more letter-name repetitions, and this difference could account for the greater learning gains in the children who played with these games at ages 3 and 4. By age 5, the difference in the frequency of letter-name associations encountered between the two gaming conditions was much less pronounced, and those additionally presented in school during letter-name teaching may have been sufficient to cause a reversal of impact between implicit and explicit games, with a slight advantage in favor of the latter being observed at this age. It is worth noting that the 5-year-olds who played with the implicit games also received this explicit instruction at school but did not perform as well as their counterparts who played the explicit games after the 6-week training. Regarding the controversial issue of the relative impact of explicit versus implicit learning (e.g., [START_REF] Lichtman | Age and learning environment: Are children implicit second language learners[END_REF][START_REF] Maxwell | Interaction between motor ability and skill learning in children: Application of implicit and explicit approaches[END_REF][START_REF] Reber | Implicit learning and tacit knowledge: an essay on the cognitive unconscious[END_REF][START_REF] Saetrevik | The utility of implicit learning in the teaching of rules[END_REF], this finding suggests that subjects who are exposed to both types of learning in parallel do not necessarily benefit from all their respective advantages. This idea echoes [START_REF] Cornillie | Between learning and playing? Exploring learners'perception of corrective feedback in an immersive game for English pragmatics[END_REF] finding that implicit corrective feedback was not found to be as useful for learning as explicit corrective feedback by students participating in an explicit digital game designed to teach English as a foreign language. With regard to digital technology in education, this result suggests that educational digital games may potentially have a greater impact when they are aligned or consistent with the educational practices followed in school.

Limitations of the study

Some methodological weaknesses presented by the present study are worth noting, as they could be rectified in future work. Our aim was to compare the impact of games involving implicit or explicit learning processes for acquisition of one and the same thing, i.e. the names of letters. Explicit games already existed on the market, whereas implicit games did not, meaning that we had to construct them ourselves. It is unfortunate that we were unable to find games that were able to function identically under implicit or explicit learning instructions. However, our intention was to show the importance of taking account of the nature of the learning processes elicited by digital games, not to study in detail the differences between implicit and explicit learning. Another concern is that the control group was made up of children who were not authorized to use the digital tablets by their parents or who chose not to play the games much. They were not, as would have been ideal, randomly assigned to the control condition. Their initial level of LNK did not differ from that of the other children, but there may also have been other differences between the groups that may have interfered with our intervention. However, the age-related development of their absolute or relative learning gains showed that they progressed in LNK as would have been normally expected. The absence of a longitudinal perspective is also regrettable since this would have made it possible to assess whether the young children aged 3-4 years who had benefited from implicit learning subsequently did better than the control children when they were explicitly taught letter names in school. This empirical question deserves to be raised in future work. It would also have been preferable to have a longer play period since this might have modified the comparisons between the effectiveness of implicit or explicit learning-based games. Finally, the main critical point that may limit the generalizability of the results concerns the elementary nature of the learning content implemented in the games. Whether the current results can be applied to more complex learning situations, considered by a number of scientists [START_REF] Hirsh-Pasek | Putting education in educational apps: Lessons from the science of learning[END_REF][START_REF] Papadakis | Designing and creating an educational app rubric for preschool teachers[END_REF][START_REF] Papadakis | Educational apps from the android Google play for greek preschoolers: A systematic review[END_REF] to be those of greatest interest for educational applications, remains an open question. Clearly, the scope of implicit processes is limited by their purely associative nature, although they can obviously encompass more complex learning situations than those linking only two simple items, as was the case in the present study.

Conclusion and implications

In conclusion, this study confirms the interest of analyzing the impact of digital learning games by differentiating between age groups and learning approaches. More specifically, it has shown the effectiveness of implicit learning games, constructed on the basis of the advice given by [START_REF] Vinter | Implicit learning, development and education[END_REF], for young children's basic cognitive acquisitions. This should reassure teachers about the use of digital games in the classroom as a complement to traditional teaching. Moreover, our results should draw teachers' attention to the importance of analyzing the learning processes solicited by the games they might use in class and their appropriateness with regard to the cognitive resources available to the children in their care.

One possible implication of these results for the developers of educational games is that it may be beneficial to design implicit digital games that sensitize very young children, and indeed any novice learners regardless of age, to new learning materials or situations. As already mentioned, implicit learning processes help generate a progressive feeling of familiarity with the learning situation [START_REF] Servan-Schreiber | Learning artificial grammars with competitive chunking[END_REF]) by modifying the subjective experience of the learner [START_REF] Perruchet | The self-organizing consciousness[END_REF] and this could facilitate subsequent explicit learning, as shown by Asbell-Clarke and [START_REF] Asbell-Clarke | Scientific inquiry in digital games[END_REF]. The type of implicit game developed in the present study seems particularly suitable for any learning content than can be expressed by the association of two elements, which is the case for a wide variety of acquisitions: for example, vocabulary (in different languages), multiplication tables, musical notes, or even the recognition of facial emotions. It should also be noted that inserting educational content into commercial games that are sure to be attractive to children appears to be an effective strategy. This technology can also easily be adapted to adults, and particularly to elderly individuals [START_REF] Wang | A systematic literature review of the impacts of digital games designed for older adults[END_REF], by diversifying and complexifying the games. However, these lines of research deserve to be explored in controlled experimental studies before publishers embark on the development of a new family of educational digital games.

Finally, educational policymakers may also find our approach and findings interesting. We have shown that it is preferable to start learning a new skill using an implicit rather than an explicit method, but that it is then desirable to continue with an explicit method in order to accelerate acquisition. An educational approach consisting of two stages (at least; the present study does not allow us to go any further) could therefore be of value, involving a first phase in which errorless learning (a characteristic of implicit learning) dominates. Furthermore, in terms of supporting education through digital technology, our study confirms the interest of equipping schools with digital tablets that children can use independently during their free time to access simple educational games.

Selection and participation of children

All the children participating in the study were preschoolers from public schools in Dijon, France, located in peri-urban districts. The study took place inside the schools. The digital tablets with the uploaded games were given to the teachers for the children's free times. The pre and post-test were run in a quiet room inside the schools. As mentioned in the ms, informed written parental consent was asked to the children's parents. Children were also free to participate or not to the study. The experiment received agreement from the ethical committee of the university. Children and parents were able to withdraw their consent for the data collection at any time and to stop their participation to the study.
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 2 Fig. 2. Illustration of the explicit Memory game. Fig. 1. Illustration of the implicit Memory game.
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 3 Fig. 3. Proportions and mean number of repetitions of encountered lettername associations. Percentages of encountered letter-name associations to be learned (Fig. 3 A) and mean number of repetitions of encountered letter-name associations (Fig. 3B) as a function of Game and Age. Error bars indicate standard errors.
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 4 Fig. 4. Learning gain scores. Learning gain scores (A: Absolute gain scores; B: Relative gain scores) as a function of Group and Age. Error bars show standard errors.
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