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How does adaptive gamification impact different types of student motivation over time?
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The gamification approach is often used in educational settings, with widely varying results on learner motivation. A new trend emerged these last years on adaptive gamification to fit learners' preferences for game mechanics, but little is known on how the adaptation of different game elements impacts different types of learner motivation. In this paper, we propose to investigate in depth the effects of adaptive gamification on a continuum ranging from intrinsic motivation for knowledge to amotivation, by assigned game element. We conducted a field study involving 121 students (aged between 13-15 years old) from secondary schools during four to six weeks, to compare the impact of adapted game elements to randomly assigned ones. This approach allowed us to reveal the following findings: (1) the impact of gamification (either adapted or not) is different when considering each type of motivation, (2) the effects of the use of the gamified environment were only observed after five lessons, (3) the adaptation of the game elements seems to reinforce their effects on learners' motivation, and (4) each game element had specific effects on different types of motivation: while adapted Avatar and Timer had both some positive and negative effects, Progress had mainly detrimental ones.

Introduction

Gamification, the use of game elements in non-game situations [START_REF] Deterding | From game design elements to gamefulness: Defining gamification[END_REF], has seen increasing use in education to support knowledge retention [START_REF] Putz | Can gamification help to improve education? Findings from a longitudinal study[END_REF], help motivate and engage learners with learning content [START_REF] Kyewski | To gamify or not to gamify? An experimental field study of the influence of badges on motivation, activity, and performance in an online learning course[END_REF][START_REF] Landers | Gamification of task performance with leaderboards: A goal setting experiment[END_REF][START_REF] Sailer | How gamification motivates: An experimental study of the effects of specific game design elements on psychological need satisfaction[END_REF][START_REF] Zainuddin | Students' learning performance and perceived motivation in gamified flipped-class instruction[END_REF]. However, more and more studies show that the gamification approach presents somewhat mixed results, sometimes CONTACT S. Dumas Reyssier. Email: s.dumas@univ-lyon2.fr demotivating learners [START_REF] Ding | Studies of student engagement in gamified online discussions[END_REF][START_REF] Hanus | Assessing the effects of gamification in the classroom: A longitudinal study on intrinsic motivation, social comparison, satisfaction, effort, and academic performance[END_REF][START_REF] Klock | Tailored gamification: A review of literature[END_REF]. Based on their meta-review on gamification in education [START_REF] Dicheva | Gamification in Education: A Systematic Mapping Study[END_REF] argued that more substantial empirical research was needed to investigate the motivational effects of individual game elements for particular types of learners.

Thus, researchers have started to investigate if adapting game elements could have an impact, leading to beneficial effects on learners' motivation [START_REF] Lavoué | Adaptive Gamification for Learning Environments[END_REF][START_REF] Monterrat | Adaptation of Gaming Features for Motivating Learners[END_REF][START_REF] Oliveira | The effects of personalized gamification on students' flow experience, motivation, and enjoyment[END_REF][START_REF] Reyssier | The impact of game elements on learner motivation: Influence of initial motivation and player profile[END_REF]. These studies point to the fact that the impact of adaptive gamification depends on individual factors, such as the player profile (Hallifax, Serna, Marty, & Lavoué, 2019;[START_REF] Lopez | Towards Personalized Adaptive Gamification: A Machine Learning Model for Predicting Performance[END_REF][START_REF] Monterrat | Adaptation of Gaming Features for Motivating Learners[END_REF][START_REF] Orji | Towards personality-driven persuasive health games and gamified systems[END_REF] and learners' initial motivation for the learning task [START_REF] Bennani | Adaptive gamification in E-learning: A literature review and future challenges[END_REF][START_REF] Hallifax | To tailor or not to tailor gamification? An analysis of the impact of tailored game elements on learners' behaviours and motivation[END_REF]Lavoué et al., 2019). Despite these advances in the field [START_REF] Oliveira | Tailored gamification in education: A literature review and future agenda[END_REF], the theoretical concept of motivation, which describes the internal and external forces that trigger and maintain goal-directed behaviour, is generally approached from a general perspective, or by differentiating only between intrinsic and extrinsic motivations, when it is a very complex concept that can be examined in multiple ways [START_REF] Deci | The general causality orientations scale: Self-determination in personality[END_REF][START_REF] Vallerand | Toward a hierarchical model of intrinsic and extrinsic motivation[END_REF][START_REF] Vallerand | The academic motivation scale: A measure of intrinsic, extrinsic, and amotivation in education[END_REF]. Research conducted within the well-known framework of the Self-Determination Theory (SDT) [START_REF] Deci | The general causality orientations scale: Self-determination in personality[END_REF][START_REF] Vallerand | Toward a hierarchical model of intrinsic and extrinsic motivation[END_REF] shows that a plurality of motivations is possible and not exclusive, and that they depend on the degree to which the individual's fundamental needs for competence, relatedness and autonomy are satisfied.

In this paper, we analyse the impact of adaptive gamification on learners' motivation using a fine-grained approach based on the SDT [START_REF] Deci | The general causality orientations scale: Self-determination in personality[END_REF][START_REF] Vallerand | Toward a hierarchical model of intrinsic and extrinsic motivation[END_REF]. We distinguish three types of intrinsic motivation (i.e. engaging in an activity for the pleasure inherent in that activity), three types of extrinsic motivation (i.e. doing an activity for the purpose of obtaining an external goal) and amotivation (i.e. the absence of motivation). Several game elements are adapted to learners' profile, which considers both their player preferences and initial motivations for the learning activity. We present a large-scale field study in real-world classroom conditions, involving 121 students (aged between 13-15 years old) in six classes, from European (masked for peer review) secondary schools. The students completed eight maths lessons of approximately 40 minutes on a gamified learning environment specifically developed for this research project. We tracked learners' motivation by using the AMS motivational scale [START_REF] Vallerand | The academic motivation scale: A measure of intrinsic, extrinsic, and amotivation in education[END_REF] at three distinct points during the experiment (before using the system, after 5 sessions, and at the end), and compare the variations between two experimental groups: learners who used a game element adapted to their profile, and those who used a randomly assigned game element. We used a previously validated method to assign adapted game elements to learners based on their profile [START_REF] Hallifax | To tailor or not to tailor gamification? An analysis of the impact of tailored game elements on learners' behaviours and motivation[END_REF]. We also analyse the motivational variations for each individual game element, whether it was used in an adapted setting or not.

Our findings contribute to the gamification and learning technologies research communities in two ways: (1) by showing in a real-world setting how adapting gamification to individual learners using their player preferences and initial motivations for learning can have an influence on their motivation; (2) by providing greater insights into how adaptive gamification can affect specific types of learner motivation over time, depending on the game element integrated into the learning environment.

Related work

Theoretical foundations: Self-Determination Theory

The well-established Self-Determination Theory (SDT) [START_REF] Deci | Intrinsic motivation and self-determination in human behavior[END_REF] is the most frequently used psychological theory in gamification research [START_REF] Seaborn | Gamification in theory and action: A survey[END_REF][START_REF] Zainuddin | The impact of gamification on learning and instruction: A systematic review of empirical evidence[END_REF]. Most design approaches rely on this theory to implement game elements that intend to satisfy three innate, universal psychological needs [START_REF] Deterding | The lens of intrinsic skill atoms: A method for gameful design[END_REF]. Competence is defined as the need to gain mastery of tasks and learn different skills, Autonomy as the need to feel in control of one's own behaviours and goals and Relatedness as the need to experience a sense of belonging and attachment to other people. The satisfaction of these three needs depends on the way extrinsic contingencies are more or less internalised in the Self [START_REF] Ryan | Autonomy, relatedness, and the self: Their relation to development and psychopathology[END_REF], determining if people are mostly intrinsically or extrinsically motivated. Over the years, researchers have thus come to identify two types of motivation, organised on a continuum ranging from non-self-determined to self-determined behaviours. Intrinsic motivation (IM) refers to engaging in an activity for the pleasure inherent in the activity, while Extrinsic motivation (EM) is concerned with expected benefits from a situation, in order to receive something positive or to avoid something negative once the activity is terminated [START_REF] Deci | The general causality orientations scale: Self-determination in personality[END_REF]. [START_REF] Deci | The general causality orientations scale: Self-determination in personality[END_REF] proposed to distinguish four types of extrinsic motivation according to the degree of regulation of the learner, ranging from the less to the more self-determined: external regulation (motivation is exclusively external and regulated by compliance, conformity, external rewards and punishments), introjected regulation (behaviours performed to avoid shame or self-esteem, for which contingencies are partially external), identified regulation (behaviours issued by choice in order to achieve specific objectives, the activity is judged as important for the individual), and integrated regulation (the most integrated form generating totally self-determined and selfregulating behaviours, in accordance with values, needs or personality, but only adults are concerned with it). Finally, their consider Amotivation as non self-determined, corresponding to an absence of motivation, either intrinsic or extrinsic.

Expanding this line of research, Vallerand and his colleagues [START_REF] Vallerand | Toward a hierarchical model of intrinsic and extrinsic motivation[END_REF][START_REF] Vallerand | The academic motivation scale: A measure of intrinsic, extrinsic, and amotivation in education[END_REF] proposed the Hierarchical Model of Intrinsic and Extrinsic Motivation to provide a framework for organizing and understanding the basic mechanisms underlying intrinsic and extrinsic motivational processes. They suggest that intrinsic motivation (IM) could be subsumed into three major types. IM to know relates to engaging in an activity for the pleasure and satisfaction of learning, exploring and trying to understand something new. IM toward accomplishment refers to engaging in an activity for the pleasure experienced when attempting task mastery. IM for stimulation is operative when one engages in an activity in order to experience pleasant sensations, excitement, or aesthetic enjoyment.

Relying on the SDT theory, feeling competent and/or autonomous in a learning situation would influence the self-determination of learners and be positively correlated with their performances [START_REF] Deci | Extrinsic rewards and intrinsic motivation in education: Reconsidered once again[END_REF]. The findings of a systematic review of studies on the impact of gamification on learning and instruction conducted by [START_REF] Zainuddin | The impact of gamification on learning and instruction: A systematic review of empirical evidence[END_REF] also empirically show that the values of engagement and motivation are always positively correlated with a student's academic performance. These authors state that both intrinsic and extrinsic motivation play crucial roles in promoting students' learning engagement. The question of the impact of the gamification approach on learners' motivation thus seems fundamental in the educational domain.

Gamification in education: effects on learner motivation

Several studies have been conducted since 2011, as shown in several recent metaanalysis [START_REF] Sailer | The Gamification of Learning: a Meta-analysis[END_REF][START_REF] Zainuddin | The impact of gamification on learning and instruction: A systematic review of empirical evidence[END_REF]. Some studies evaluate the impact of a single game element. For example, [START_REF] Filsecker | A multilevel analysis of the effects of external rewards on elementary students' motivation, engagement and learning in an educational game[END_REF] tested the effects of external rewards on motivation and engagement in fifth graders. They found that including these rewards avoided a decrease in their intrinsic motivation and increased learner conceptual understanding of the studied topic. [START_REF] Kyewski | To gamify or not to gamify? An experimental field study of the influence of badges on motivation, activity, and performance in an online learning course[END_REF] obtained more nuanced results when evaluating the impact of badges integrated into an online learning environment used over 5 weeks in three different conditions (no badges, badges visible to peers, badges visible only to students themselves). Regardless of condition, the intrinsic motivation of students decreased over time.

Other studies consider several game elements in a same gamified learning system. For example, in a study on how gamification affects online learning discussion, [START_REF] Ding | Studies of student engagement in gamified online discussions[END_REF] showed that learners were more interested in the game elements that were directly linked to their grades. Also, [START_REF] Denny | Empirical Support for a Causal Relationship Between Gamification and Learning Outcomes[END_REF] tested the effect of scores and badges on learner behaviour and found that only the latest had an effect on how participants behaved, increasing the number of self assessments made. They also found that this directly resulted in better examination performance for those participants. [START_REF] Rodrigues | Gamification works, but how and to whom? an experimental study in the context of programming lessons[END_REF] tested a gamified programming learning course with 19 students and showed that gamification strongly affected learner intrinsic motivation (which in turn greatly predicted learner performance). They found that the more learners were familiar with the learning content (computer programming), the more they gained in intrinsic motivation. [START_REF] Bouchrika | Exploring the impact of gamification on student engagement and involvement with e-learning systems[END_REF] also found that the impact of gamification on students' engagement with the e-learning gamified system was considerably positive due to the large volume of published content and earned points.

Several studies compare the impact of gamified and non-gamified learning environments. For instance, [START_REF] Zainuddin | Students' learning performance and perceived motivation in gamified flipped-class instruction[END_REF] tested two versions of a flipped class setting: one with gamification (points, badges and leaderboards) and one without. They found that learners provided with the gamified environment had increased levels of perceived competence, autonomy, and relatedness, better performance, and were able to achieve better results during the tests. On the contrary, [START_REF] Monterrat | A player model for adaptive gamification in learning environments[END_REF] showed that learners who were free to use a non-gamified learning environment had a higher level of intrinsic motivation after the experimentation, compared to learners using a gamified environment. Similarly, [START_REF] Hanus | Assessing the effects of gamification in the classroom: A longitudinal study on intrinsic motivation, social comparison, satisfaction, effort, and academic performance[END_REF] observed that students involved in a course gamified with badges and a leaderboard showed less motivation, satisfaction, and empowerment over time than those in the non-gamified class. Ferriz-Valero, Østerlie, García Martínez, and García-Jaén (2020) tested a gamified approach to a university training course. They found that whilst gamification had a positive effect on academic performance and on external regulation, they did not see an effect on intrinsic motivation for physical education.

As a conclusion, we can first note that most of the studies analyse intrinsic and/or extrinsic motivation as a whole, and do not distinguish different types of motivation in finer grains, on a continuum from amotivation to intrinsic motivation (see section 2.1). To date, only two studies distinguish between the different types of motivation. [START_REF] Buckley | Gamification and Student Motivation[END_REF] show that gamification is particularly effective for students who are intrinsically motivated, particularly either by a motivation to know or a motivation towards stimulation. van Roy and Zaman (2018) analysed the impact of gamification on learners during a 15-week experiment and showed that all types of motivation changed over time: decreased and then increased at the end of the course (except for amotivation and controlled motivation), without returning to their initial level. There is therefore a need for a better understanding of the effect of gamification on the different types of motivation, in order to lead learners towards self-determined learning behaviours. This is the main objective of the present study.

Second, we observe rather mixed, even contradictory, results when comparing studies, as recently highlighted by [START_REF] Sailer | The Gamification of Learning: a Meta-analysis[END_REF] in their meta-analysis. Whereas the positive effects of gamification on cognitive learning outcomes can be interpreted as stable, results on motivational and behavioral learning outcomes have been shown to be less stable. This could be explained by the use in all the reviewed studies of what is commonly referred to a "one size fits all" approach, i.e. providing learners with the same gamified experience. This, however, could be somewhat ineffective, as recent research shows that learners have different expectations, preferences, and needs from the learning experience [START_REF] Bennani | AGE-Learn: Ontology-Based Representation of Personalized Gamification in E-learning[END_REF][START_REF] Hassan | Adaptive gamification in e-learning based on students' learning styles[END_REF]. This finding is echoed by van Roy and Zaman (2018, p.293) who concluded that "the effects are highly personal and can differ widely between different learners". [START_REF] Santos | The relationship between user types and gamification designs[END_REF] also show that certain game elements were more suited to certain player profiles, hence the need to adapt to the learner's player profile. Our research is thus focused on a new trend named adaptive gamification, which aims to adapt game elements to learners' characteristics, preferences and motivations.

Adapting gamification in education: methods and effects

In recent literature reviews, Hallifax, Serna, Marty, and Lavoué (2019) and [START_REF] Oliveira | Tailored gamification in education: A literature review and future agenda[END_REF] looked at the information used to adapt gamified systems to learners in educational settings. The adaptation process is mainly based on learner player profile (preferences and reasons why people play games), although some systems use more learning specific data, such as learning styles, or learning motivations.

Some studies have shown positive results when adapting. For example, [START_REF] Roosta | Personalization of gamification-elements in an e-learning environment based on learners' motivation[END_REF] presented learners with different game elements based on their motivation type (Mastery approach vs. avoidance, Performance approach vs. avoidance). After using an online learning tool for one month, learners who had game elements suited to their motivation type showed significant increases in motivation compared to learners who had randomly assigned game elements. [START_REF] Hassan | Adaptive gamification in e-learning based on students' learning styles[END_REF] also showed that learners who used game elements adapted to their learning style [START_REF] Felder | Learning and teaching styles in engineering education[END_REF]) reported higher motivation rates than those who used random game elements. In a study conducted by [START_REF] Mora | Effect of personalized gameful design on student engagement[END_REF], university learners were sorted into different groups based on their Hexad player profile [START_REF] Marczewski | Even Ninja Monkeys like to play[END_REF] and used a learning tool over a period of 14 weeks, each group receiving different game elements. The authors report a general positive impact from their adaptation process, with an increase in behavioural and emotional engagement in learners. Finally, [START_REF] Rodrigues | Gamification works, but how and to whom? an experimental study in the context of programming lessons[END_REF] showed that the students using a personalised design were more motivated than those using the one-size-fits-all approach regarding intrinsic motivation and identified regulation.

However, some other studies have shown somewhat mixed results of the adaptation process. [START_REF] Monterrat | Adaptation of Gaming Features for Motivating Learners[END_REF] showed that middle-school learners with counteradapted game elements found their game elements to be more fun and useful than learners with adapted or randomly assigned elements. The authors performed a similar study reported in [START_REF] Lavoué | Adaptive Gamification for Learning Environments[END_REF], with adults who used the learning tool voluntarily. Before using the learning environment, learners were given a game element that either corresponded to their highest scoring player type, or their lowest scoring player type (thus creating adapted and counter-adapted experimental groups). They found differences only for the most engaged learners with adapted game elements who spent more time in the learning environment than those with counter-adapted ones and showed less amotivation. In another study, [START_REF] Paiva | What do students do on-line? modeling students' interactions to improve their learning experience[END_REF] analysed the usage data during the month after the introduction of tailored goals in their learning tool used for learning mathematics. They found that while the social and collaborative goals were effective in increasing the number of related actions, this effect was not observed with individual learning goals. The study reported in [START_REF] Rodrigues | Gamification works, but how and to whom? an experimental study in the context of programming lessons[END_REF] can also be considered as having mixed results, as gamification had a negative effect on learners who were less familiar with programming.

To sum up, we observe that, as with one size fits all gamification, tailored gamification in education still has somewhat mixed results. There is no consensus on the effect of gamification and this effect may vary depending on the type of game elements used and on the context it is deployed (Hallifax, Serna, Marty, Lavoué, & Lavoué, 2019). We believe that this line of research is still in its infancy and that there is a need to investigate more deeply which learner characteristics should be considered in the adaptation process depending on the game element used. We agree with [START_REF] Bennani | Adaptive gamification in E-learning: A literature review and future challenges[END_REF] that it is crucial to take into account different changing aspects such as learners' motivations, and not only player types, to understand which mechanisms and dynamics can enhance their motivation in specific contexts.

Research questions

Our study focuses on the impact of adaptive gamification on learners' motivation considering the seven types of motivation identified in the SDT [START_REF] Ryan | Autonomy, relatedness, and the self: Their relation to development and psychopathology[END_REF], as well as their evolution over time, to take into account the complex and evolving nature of motivation. We perform fine grain analyses by game element suggested by an adaptation algorithm we developed (see section 5.4), as we believe that learners' motivation will depend on their perception of the situation and the environment, in our case the use of a gamified learning environment dedicated to learn maths (described in next section).

In this paper, we propose to investigate the following research questions:

• RQ1 How does adapting gamification to learners' initial motivation and player profile affect the different types of motivation? • RQ2 How do these effects evolve over time? • RQ3 How do individual adapted game elements affect the different types of learner motivation? 

Learning environment

Learners used the gamified learning platform LudiMoodle, a modified version of the Moodle Learning Management System (see figure 1). This platform was developed within the scope of the LudiMoodle project which brings together researchers in computer science and in educational sciences, pedagogical designers, four middle schools and a Moodle development company.

Learning content

All of the learning content was created by the participating teachers so that it would be as close as possible to their teaching practices. The teachers designed seven lessons, composed of several quizzes (4 to 10) that covered the topic of secondary school level basic algebra (in particular literal arithmetic). The quizzes were designed as training exercises since teachers had observed that learners generally found these exercises to be boring or too repetitive, and they wanted to make these exercises more engaging for learners. Within a lesson, to successfully complete a quiz and progress to the next one, learners had to answer at least 70% of all questions correctly otherwise they had to start the quiz again.

Game elements

The gamified learning platform was developed according to an iterative design process with participatory design sessions with the different stakeholders of the project (teachers, game designers, educational engineers, the company in charge of the development), using the design method and design space presented in [START_REF] Hallifax | A Design Space For Meaningful Structural Gamification[END_REF]. This platform integrates six game elements: points and badges (for the Reward dynamic), progress bar and ranking (corresponding to leaderboards and competition) (for the Progress dynamic), and avatar (for the Self representation dynamic). In addition, teachers selected timer (for Time pressure dynamic) for its suitability for the quiz format, although this element has been little studied in the literature [START_REF] Butler | A framework for evaluating the effectiveness of gamification techniques by personality type[END_REF][START_REF] Monterrat | A player model for adaptive gamification in learning environments[END_REF]. Each of the six game elements corresponds to at least one of the different Hexad player types [START_REF] Marczewski | Even Ninja Monkeys like to play[END_REF] and cover the different kinds of learners' motivation as defined in the Self Determination Theory (SDT) [START_REF] Deci | The general causality orientations scale: Self-determination in personality[END_REF], 2000a). In fact, we rely on this theory, and a derived questionnaire [START_REF] Vallerand | The academic motivation scale: A measure of intrinsic, extrinsic, and amotivation in education[END_REF], to identify learners' initial motivation as a characteristic of their profile (see section 5.3). We present in this section only the three game elements that were proposed to learners through the adaptation process described in section 5.41 : progress bar, avatar and timer. Note that each of the game elements had a small information popup that opens automatically at the start of each lesson to inform and remind learners how it works. Learners could access this popup at anytime via a button on the interface.

Progress bar. Learners were shown their progress in the quizzes by way of a rocket ship that travelled from earth to various planets. Each correct answer would charge a "boost" meter that, when filled, would propel the rocket further. When learners achieved a full 100% of correct answers for a lesson, they would arrive at the planet.

Avatar. The Avatar game element showed a goblin-like character that learners could personalise with various clothes and equipment. As the learners progressed in a lesson they could unlock a different set of objects to use (e.g. medieval, fairy tale, pirates). The Avatar could be personalised via an inventory menu displayed near the top of the game element. In general, when learners achieved the required 70% in each quiz in a lesson, they could unlock 1 or 2 objects.

Timer. This game element showed a Timer for each quiz. Each of the questions was timed and recorded. Learners were shown the average time taken to answer to previous questions and each time they beat this "reference time" a small maths related character ran faster and faster. Learners were thus encouraged to make their character as fast as possible by answering quickly. They were only rewarded for correct answers, an incorrect answer would not affect the reference time or the animated character.

Study design

Procedure

Before the use of the learning environment, we first asked learners to fill out two questionnaires to establish their player profile and their initial motivation for doing math exercises (see section 5.3). Learners were then sorted into one of two experimental conditions. In the control group, learners were randomly assigned a game element. In the experimental group, learners were assigned a game element adapted to their profile 5.4). Once a game element assigned to learners, they used it for the entire experiment duration. In total, learners used the platform during eight lessons dedicated to the topic.

Then learners followed the lessons between once and twice a week during four to six weeks. They accessed the quizzes individually using a tablet device. Each lesson was carried out in the same way: teachers gave a short introduction to the lesson's topic (10-15 minutes depending on the complexity). Learners then logged into the gamified learning platform to solve quizzes related to that lesson (25-30 minutes).

After five lessons, during a formative assessment session, learners completed the motivation questionnaire a second time. After the final lesson, learners filled out the motivation questionnaire a third time. This allowed us to track learners' motivation more accurately and to identify the variations in the first period (between the first and the fifth lessons) and in the second period (between the sixth and the eighth lessons) of the experiment.

Participants

154 learners in six secondary schools classes in France participated in our experiment. We considered only data from learners who have 1) answered the three questionnaires; 2) done all the lessons. Those that did not satisfy these two conditions were removed from the analysis to ensure data consistency. Data of 121 learners could be processed (58 self reported as female, 63 as male), 83 learners were in the adapted condition and 38 in the non adapted condition.

Profile questionnaires

Learners filled out both the Hexad [START_REF] Marczewski | Even Ninja Monkeys like to play[END_REF] 2 and AMS [START_REF] Vallerand | The academic motivation scale: A measure of intrinsic, extrinsic, and amotivation in education[END_REF] questionnaires to determine their profile (player and initial motivation for mathematics). The HEXAD typology is grounded on the SDT theory (Deci & Ryan, 2000b), which defines the three core intrinsic motivators as competence/mastery, autonomy, and relatedness. The motivation scale proposed by [START_REF] Vallerand | The academic motivation scale: A measure of intrinsic, extrinsic, and amotivation in education[END_REF] relies on the same theoretical framework and was especially designed for Education. It evaluates the seven types of motivation described in details in section 2.1, except for integrated regulation. Each of these types identifies the reasons why someone would perform an educational activity, in our case learning maths. We provide the detail of the questionnaires in appendix.

Adaptation algorithm

As introduced in section 4.2, the platform allowed us to assign a specific game element to each learner during the initialisation step. The adaptation algorithm relies on the results of a previous experiment conducted with the same gamified learning environment and 258 same aged learners in secondary schools in France. In this first experiment, we analyzed the effect of game elements on learners' motivation who used the environment in class during ten lessons [START_REF] Reyssier | The impact of game elements on learner motivation: Influence of initial motivation and player profile[END_REF]. We randomly assigned one game element to each learner, to be able to identify the impact of each game element separately. We performed statistical analyses using the partial least squares path modeling (PLS-PM) method [START_REF] Hair | A primer on partial least squares structural equation modeling[END_REF], which estimates complex cause-effect relationships in path models with latent variables. The results show different effects on learners, in particular significant influences of their initial level of motivation and their player types on the variation in motivation during the study. We showed that these influences vary according to the game element they used.

The dataset collected during this first experiment was then used to compare three types of adaptation of game elements to learners' profile: (1) an adaptation based on learners' player profile (Hexad), (2) an adaptation based on their initial motivation for the discipline (AMS), and (3) an adaptation based on a compromise between both profiles. We showed that tailoring to both player and motivation profiles can improve intrinsic motivation, and decrease amotivation, compared to a single adaptation only based on either the Hexad profile or the initial motivation for mathematics separately [START_REF] Hallifax | To tailor or not to tailor gamification? An analysis of the impact of tailored game elements on learners' behaviours and motivation[END_REF]. This result is also supported by the recent literature review on tailored gamification [START_REF] Klock | Tailored gamification: A review of literature[END_REF], which recommends that adaptation should not be based solely on one aspect of the users' characteristics.

Therefore, to determine which game elements to assign to learners in this new experiment, we used the compromise adaptation algorithm we proposed, which considers both the game element that would be recommended for the player profile and the game element relevant to the initial motivation of learners. Figure 2 presents an overview and example of how this adaptation works (the algorithm is detailed in the appendix).

For the two single profiles (Hexad and AMS), we relied on our dataset to identify the influences of the profile values on the variations of motivations for each particular game element. These influences were calculated using the PLS-PM method described above, giving us a set of 6 influence matrices for each profile (one for each game element). By combining all six matrices, we obtained an "influence matrix" for each of the profiles (Hexad and initial motivation), which coded the positive or negative influences of each dimension of the profile according to each game element.

We then multiplied the individual learner profiles with these influence matrices, which gave us two "affinity" vectors for each learner (one based on each profile). These affinity vectors showed how well suited each game element should be for a given learner. Finally, the compromise algorithm select the most appropriate game element based on the affinity vectors. It first checks for positive affinity overlaps between the two affinity vectors. If any game elements have positive affinities in both vectors, it combines the ranks of these game elements, selecting the lowest ranked game element. If there is no game element in this overlap, it then combines the rankings of the affinity vectors for all game elements (again selecting the lowest ranked). If at any point there is a tie for lowest ranked, it adds the affinities from both vectors and selects the game element with the highest affinity.

For example, considering a learner with the Hexad profile (Pl:0; Ac:-8; So:2; FS:0; Di:6; Ph:7) and the following initial motivation for mathematics (Mico:9; Miac:11; Mist:10; ExtReg:12; IdReg:7; IntReg:8; Amot:8). The algorithm will first calculate the affinity vectors for each profile, giving the following Hexad affinity vector ('Avatar': .385, 'Badges': .0364, 'Progress': -.241, 'Leaderboard': -.920, 'Points': -.577, 'Timer': .225) and the following Motivation affinity vector: ('Avatar':-6.188; 'Badges':-42.22; 'Progress':2.871; 'Leaderboard':-0.899; 'Points':-50.899; 'Timer':-23.807). The algorithm then check for positive overlap in these vectors (Avatar and Badges for Hexad and Progress for initial motivation). As the overlap is zero, we combine the rankings for all game elements resulting in ('Avatar':4; 'Progress':5; 'Timer':6; 'Leaderboard':8; 'Badges':8, 'Points':11) and would therefore be recommended the Avatar game element (see figure 2).

Upon reviewing the final data from the algorithm, we realised that only three of the six game elements were assigned to learners: Avatar, Progress, and Timer. This was due to the fact that as presented in [START_REF] Reyssier | The impact of game elements on learner motivation: Influence of initial motivation and player profile[END_REF], the other three (Badges, Leaderboard, and Points) have a majority of neutral (for Badges) or negative influences on the different types of learner motivation. This means that these game elements would have only been attributed to very specific profiles, that were simply not present amongst the learners who participated to the present study. This result is in line with other studies that reported that badges did not successfully increase intrinsic motivation [START_REF] Kyewski | To gamify or not to gamify? An experimental field study of the influence of badges on motivation, activity, and performance in an online learning course[END_REF] and that the use of points, badges, levels and leaderboards did not significantly increase students' competence, need for satisfaction and intrinsic motivation [START_REF] Ding | Studies of student engagement in gamified online discussions[END_REF][START_REF] Mekler | Towards understanding the effects of individual gamification elements on intrinsic motivation and performance[END_REF]. We report in Table 1 the number of participants who were assigned one of the available game elements. The students in the control group who received the correct element (i.e. the element that would be assigned by the algorithm) are counted towards the experimental group.

Results

General effects of adaptation on learner motivation

When looking at the results in Table 2, we first observe that the level of motivation at the beginning of the experiment is rather the same for the two groups in each type of motivation (no significant differences are observed). The level of motivation at the end of the course can be obtained by summing the initial motivation and the variation of motivation. To answer RQ1, we performed Wilcoxon rank sum tests to compare the variations of each type of motivation between the group of learners who used an adapted game element and those who used a randomly assigned one (intra-group comparison). We also performed Kruskal-Wallis tests to compare each motivation variation between the two groups but we observe no statistically significant differences (inter-group comparison).

Considering intra-group comparisons, whether the elements are adapted or not, we note two trends in the effects of the gamified environment on learners' motivation (see Table 2). On the one hand, it significantly increased learners' IM for stimulation (Adapted: ∆Mean=2.21,W=3.802, p<.001; Non Adapted: ∆Mean=1.32, W=2.111, p<.050), and in the same time their amotivation (Adapted: ∆Mean=5.59, W=5.802, p<.001; Non Adapted:∆Mean=5.84, W=4.213, p<.001). This means that at the end of the experiment learners were feeling more fun in doing maths, but at the same time some of them were less willing to do this activity.

On the other hand, learners significantly lost IM for accomplishment (Adapted: ∆Mean=-5.8, p<.001;p<.001), identified regulation (Adapted: ∆Mean=-2.34, W=-4.693, p<.001; Non Adapted: ∆Mean=-1.26, W=-2.009, p<.050) and external regulation (Adapted: ∆Mean=-2.93, p<.001;74,p<.050). This means that learners were less motivated to accomplish the activity, had less precise objectives and were less concerned about grades and other rewards than when they started using the gamified environment.

Regarding inter-group comparison, even if no significant differences were observed, it is important to note that the effects seem to be more pronounced for the adapted condition when compared to the non adapted condition for the IM for stimulation, the identified regulation and the external regulation (see Table 2). For instance, for the learners in the adapted condition the change in IM for stimulation is significant at the 0.001 level whereas it is only significant at the 0.05 level for learners in the non-adapted condition.

Effects of the adaptation of game elements over time

To answer RQ2 we split the variation of learner motivation into two periods: the first variation (difference between pre and middle tests) and the second variation (difference between middle and post tests), as illustrated in Table 3.

Regarding intra-group comparison, during the first period we can see that no type of motivation significantly varied neither in the condition with adapted game elements nor in the condition with elements that were randomly assigned, except a small decrease in identified regulation in the non adapted condition (∆Mean=-0.66, W=-2.300, p<.050).

During the second period, we observe significant differences for each condition with the same trends as for the global variations. On the one hand, the results show positive effects with a significant increase in IM for stimulation in the two groups (Adapted: ∆Mean=2.24, W=3.907, p<.001; Non adapted: ∆Mean=1.34, W=2.032, p<.050), and a significant increase in IM for knowledge (∆Mean=0.76, W=2.170, p<.050) and in introjected regulation (∆Mean=0.87, W=2.251, p>.050) only for the adapted condition. It is noteworthy that we did not observe the latest result in the global variation.

On the other hand, we observe a significant decrease in both groups in IM for accomplishment (Adapted: ∆Mean=-5.42, W=-5.506, p<.001; Non adapted: ∆Mean=-5.97, W=-4.151, p<.001) and external regulation (Adapted: ∆Mean=-2.72, W=-4.736, p<.001; Non adapted: ∆Mean=-1,81, W=-3.898, p<.050). We also observe a significant increase of amotivation (Adapted: ∆Mean=5.29, W=5.515, p<.001; Non Adapted: ∆Mean=6.07, W=-4.138, p<.001). We also observe in the adapted condition a decrease in identified regulation (∆Mean=-2.17, W=-4.597, p<.001).

Regarding inter-group comparisons, as for the global variation we do not observe significant differences, except for the identified regulation with a decrease that is significantly more pronounced in the adapted condition than in the non adapted one (H=-2.143, p=0.032) (3). We note that the effects seem to be more pronounced for the adapted condition when compared to the non adapted condition for the IM for knowledge and external regulation. On the contrary, the decrease in IM for accomplishment seems more pronounced in the non adapted condition.

Effects of adaptation on learner motivation for each game element

To answer RQ3, Table 4 shows the results of the variation of the different types of motivation in the two conditions for each game element.

The use of the Avatar, when adapted, has a significant positive effect on IM for knowledge (∆Mean=1, W=2.414, p<.050) and IM for stimulation (∆Mean=4.72, W=2.789, p<.010). However, it also has a significant negative effect with a decrease in IM for accomplishment p<.001),p<.050) and external regulation (∆Mean=-2.43, W=-2.094, p<.050), and an increase in learners' amotivation (∆Mean=11.86, W=3.245, p<.001). When not adapted, Avatar only decreased significantly learners' IM for accomplishment (∆Mean=-6.59, W=-2.805, p<.010) and increased their amotivation (∆Mean=6.91, W=2.714, p<.010). Progress, in both conditions, had negative effects with a decrease in IM for accomplishment (Adapted: ∆Mean=-6.26, W=-4.929, p<.001; Non adapted: ∆Mean=-4.73, W=-2.639, p<.010), identified regulation (Adapted: ∆Mean=-2.85, W=-4.399, p<.001; Non adapted: ∆Mean=-2.4, W=-2.313, p<.050), and an increase in amotivation (Adapted: ∆Mean=5.85, W=5.024, p<.001; Non adapted: ∆Mean=5, W=2.802, p<.050). In addition, it decreased external regulation in the adapted condition (∆Mean=-2.47, W=-3.885, p<.001), whereas we observe a significant positive increase in IM for stimulation in the non-adapted condition (∆Mean=3.2, W=2.595, p<.001).

Regarding the Timer game element, we observe an increase in IM for stimulation (∆Mean=3.72, W=2.409, p<.050), and a decrease in external regulation (∆Mean=-4.61, W=-2.847, p<.010) when it is adapted to learners' profile. When not adapted, the Timer had only negative effects with a decrease in IM for accomplishment (∆Mean=-6.82, W=-2.299, p<.010) and in identified regulation (∆Mean=-2.46, W=-2.316, p<.050), and an increase in amotivation (∆Mean=5.82, W=2.041, p<.050).

We conducted inter-group comparisons between the global variations in learners' motivation, depending on the game element received, using a Kruskal-Wallis Test (see Table 5). We note significant differences between the two conditions with the Avatar game element in the global variation of most types of motivation, except for introjected regulation and identified regulation. Regarding the Progress game element, we note a slightly significant difference in the IM for stimulation (H=3.019, p=.082). Finally, with the Timer game element, we observe significant differences in learners' IM for accomplishment (H=6.247, p<.050) and amotivation (H=4.285, p<.050).

Discussion

General effects of adaptive gamification

The first major finding of our study is that adaptive gamification had no significant effect on the global variations of motivation compared to randomly assigned game elements. We observe significant effects on several types of motivation within each condition, following the same trends, although adaptation seems to reinforce these effects. This result echoes those of the study conducted by [START_REF] Oliveira | The effects of personalized gamification on students' flow experience, motivation, and enjoyment[END_REF] who find no main effects on students' perceived flow between personalised and non-personalised gamification. They suggest that personalising game elements according to the dominant gamer type profile may be not enough to improve user experience. We show in this study that even taking into account a more complete profile, and not only the dominant player type, is not enough to improve learner motivation.

Regarding more specifically the second period of the experiment, the increase of learners' intrinsic motivation for stimulation and the small increase of intrinsic motivation for knowledge, whether the elements are adapted or not, show that, at the end of the experiment, learners were having more fun and were more interested in learning maths.

On the other hand, learners were less motivated to do the mathematics exercises for a sense of accomplishment. The high decrease in this type of motivation could be explained by the increase in difficulty in the learning content (as designed by teachers), meaning that it might have been too difficult for them and they did not succeed in overcoming the challenge.

Regarding the rather small decrease in external regulation, we can assume that it is associated with the increase in IM for stimulation: after several lessons, learners used more the environment for fun than for external rewards, they got caught up in the game. Also, as learners did not receive any grades for the quizzes during the experiment (a choice made by the teachers for the experiment so that learners would not be distracted by their grades), they were not focused on such an external reward.

The high increase of amotivation shows that learners felt like they had less reasons to do the mathematics exercises. This result is similar to that found in a previous study we conducted using the same gamified environment [START_REF] Reyssier | The impact of game elements on learner motivation: Influence of initial motivation and player profile[END_REF] and in another study conducted with a gamified learning environment dedicated to learning French grammar based on repetitive exercises [START_REF] Lavoué | Adaptive Gamification for Learning Environments[END_REF].

It could be explained by a weariness effect due to the fact that all the sessions are about the same lesson (no novelty of course discovery) and based on the same type of exercise (quiz). This would imply that gamification could not compensate for these detrimental effects on motivation, which are due to the nature of the learning activity itself. This result is consistent with the rather small decrease in identified regulation: learners may have found less purpose in doing quizzes after several sessions, meaning that the game elements were not sufficient to maintain this type of motivation.

The significantly higher decrease in identified regulation in the second period for learners who had adapted game elements compared to other learners, may reveal a detrimental effect of adaptive gamification on the importance of the activity itself as perceived by the learners. They may be more involved in the gamified process than in the learning activity. At the same time, it is noteworthy that in the second period of the experiment, the adaptation of the game elements had a significant positive effect on introjected regulation, while the randomly assigned game elements did not. This increase learners' sense of self-esteem [START_REF] Vallerand | The academic motivation scale: A measure of intrinsic, extrinsic, and amotivation in education[END_REF]) could be explained by game elements that, when adapted, gave a more positive or a more appropriate feedback to learners.

Regarding other similar studies, we cannot compare directly with those found in the related literature (see section 2.2), as most of the studies did not investigate in detail the different types of motivation, focusing on intrinsic vs. extrinsic motivation as a whole. As we tracked a wide variety of motivation types, we were able to show more precise variations in learner motivation. Nonetheless, if we consider a global trend in the variation in intrinsic motivation, especially the decrease in IM for accomplishment, our results are in line with other studies that showed a general decline of intrinsic motivation after a long term [START_REF] Hamari | Does gamification work?-a literature review of empirical studies on gamification[END_REF][START_REF] Hanus | Assessing the effects of gamification in the classroom: A longitudinal study on intrinsic motivation, social comparison, satisfaction, effort, and academic performance[END_REF]. On the contrary, the study reported in [START_REF] Rodrigues | Gamification works, but how and to whom? an experimental study in the context of programming lessons[END_REF] showed an increase in intrinsic motivation on learners familiar with the learning topic. These differences in findings between studies could be explained by different contexts and duration.

In a recent study conducted in similar conditions [START_REF] Reyssier | The impact of game elements on learner motivation: Influence of initial motivation and player profile[END_REF], we showed rather similar trends in the variations of learners' motivation, with a significant decrease in IM to knowledge and in external regulation, as well as a significant increase in amotivation, after using the gamified environment during ten lessons. This new study differentiates the results according to whether the elements are adapted or not, showing that the trends are similar. This represents an important finding in the field of adaptive gamification.

Effects only visible after several lessons

When considering both conditions, whether the game elements are adapted or not, we saw significant effects on learner motivation only during the second period of the experiment, except for identified regulation with non adapted game elements. This may be due to several reasons: first learners could have been affected by a novelty effect of introducing a new technology in the classroom, second the learning content increased in difficulty the further learners progressed through the quizzes.

In their normal lessons, teachers did not use tablets, mostly due to not having access to this kind of devices, but also due to not having adequate learning software. Therefore, introducing these devices for this experiment could have caused a novelty effect on learners. Several studies discuss how a novelty effect could lead to positive effects of gamification that would not necessarily continue overtime [START_REF] Hamari | Does gamification work?-a literature review of empirical studies on gamification[END_REF][START_REF] Koivisto | The rise of motivational information systems: A review of gamification research[END_REF][START_REF] Seaborn | Gamification in theory and action: A survey[END_REF]. During the first period of the experiment, learners were still discovering the learning content and their game elements, thus keeping their motivation at a rather stable constant level. The novelty effect may have wear off after the first period, thus giving way to the significant variations in motivation we observe in the second period. This novelty effect is often raised in gamification studies (Hallifax, Serna, Marty, & Lavoué, 2019;[START_REF] Hamari | Does gamification work?-a literature review of empirical studies on gamification[END_REF] as a reason why shorter studies fail to show the more complex results that can be observed in longer studies. Several longitudinal studies corroborate that gamification suffers from the novelty effect [START_REF] Rodrigues | Gamification suffers from the novelty effect but benefits from the familiarization effect: Findings from a longitudinal study[END_REF][START_REF] Sanchez | Gamification in the classroom: Examining the impact of gamified quizzes on student learning[END_REF].

The participating teachers designed the learning content to be as close to what they would normally do in their class. Therefore, each new lesson would introduce a new learning concept and make learners apply it in the quizzes. This naturally meant that the later lessons were harder than the earlier ones. This could lead learners to have a harder and harder time with the questions, potentially causing more marked effects on motivation during the second period of the study. This would confirm our interpretation in previous section of the significant decrease observed particularly in IM for accomplishment. Accordingly, [START_REF] Landers | Gamification of task performance with leaderboards: A goal setting experiment[END_REF] showed that Leaderboards were less effective when the difficulty increased.

When comparing to the results of the study conducted by van Roy and Zaman (2018), our findings are quite different. They observe a significant decrease in all types of motivation and an increase in amotivation, mainly during the 10 weeks of the online course, and then a slight increase in all types, except for amotivation that decreased. They also identify a highly personal effects on intrinsic motivation (with both increases and decreases depending on the individual learner). These differences in the results can be explained by a difference in participants (students in secondary schools, compared to university students), and different learning situations (in class over eight lessons and four to six weeks, compared to 15-week semester of a master course). Nevertheless, these two studies confirm the need to observe learners' motivation not only as an outcome, but also as a process that evolves over time.

Individual game elements impacting learners' motivation differently

As shown in section 6.3, game elements have different effects on learners' motivation depending on whether they are adapted to their profile or not.

Considering the Avatar, we notice that the negative effects on IM for accomplishment and amotivation strongly increased and that these differences were significant in comparison to the non adapted condition. We can associate these results with an increase in the other two types of intrinsic motivation, thus showing that adaptation succeeded in making the activity fun and leading learners doing the activity for learning mathematics, even if they may have felt less competent to master the exercises at the end of the course. It has been shown in several studies that the Avatar game elements matches the need for autonomy regarding the SDT [START_REF] Sailer | How gamification motivates: An experimental study of the effects of specific game design elements on psychological need satisfaction[END_REF][START_REF] Zainuddin | The impact of gamification on learning and instruction: A systematic review of empirical evidence[END_REF]. This could explain its positive effect on two types of intrinsic motivation.

The adaptation of the Timer game element was a success, by removing the detrimental effects of this element when it is attributed independently of the student's profile, while increasing learner's enjoyment of the learning activity. As we would expect, they were not motivated by external rewards (no rewards are associated to this element). We believe that the Timer, when assigned to specific learners, encouraged them to challenge themselves, and thus helped them gain a greater feeling of competence.

Finally, the Progress game element, when adapted, had a significant negative impact on four types of motivation, similar to the non adapted condition (the variations in motivation are not significantly different between both conditions), without the positive effect observed on IM for stimulation in this second condition.

These results are quite surprising as similar game elements are frequently recommended for various player types (never all of them though) (Hallifax, Serna, Marty, Lavoué, & Lavoué, 2019;[START_REF] Orji | Personalizing persuasive strategies in gameful systems to gamification user types[END_REF][START_REF] Tondello | The Gamification User Types Hexad Scale[END_REF]. Furthermore, this game element matches with the need of competence regarding the SDT [START_REF] Seaborn | Gamification in theory and action: A survey[END_REF][START_REF] Zainuddin | The impact of gamification on learning and instruction: A systematic review of empirical evidence[END_REF]. However, we showed in a previous study conducted with the same learning environment and in the same context that Progress has detrimental effect on the intrinsic and extrinsic motivation of learners that are initially intrinsically and extrinsically motivated [START_REF] Reyssier | The impact of game elements on learner motivation: Influence of initial motivation and player profile[END_REF]. We identify two possible explanations for this result. First, the design of this game element may not be meaningful enough to students. Second, our adaptation algorithm may not be sufficiently appropriate to balance the negative effect on motivation with a positive effect considering the player types. Further studies should be conducted specifically on the adaptation of this specific game element.

Limitations

Whilst we tried to ensure that our study and results are as generalisable as possible, we can identify a few limitations that should be mentioned here. First, it is noteworthy that our adaptation algorithm did not assign badges, leaderboard, or points to any of the participants, although we integrated them in the gamified platform. These elements are, however, the ones most frequently used in gamification [START_REF] Subhash | Gamified learning in higher education: A systematic review of the literature[END_REF]. This can be explained by the majority of neutral (for badges) or negative influences exhibited by these game elements in a previous study conducted with the same gamified learning environment, in a similar context (same learning content and game elements, same aged learners) [START_REF] Reyssier | The impact of game elements on learner motivation: Influence of initial motivation and player profile[END_REF]. Meanwhile, the fact that our algorithm is based on data from this same experiment, and has been validated by a simulation [START_REF] Hallifax | To tailor or not to tailor gamification? An analysis of the impact of tailored game elements on learners' behaviours and motivation[END_REF], ensures that it is applicable to this context. This point is all the more important if we consider the situational and contextual levels of intrinsic, extrinsic and amotivation [START_REF] Vallerand | Toward a hierarchical model of intrinsic and extrinsic motivation[END_REF].

Second, while we focus specifically on secondary school level Algebra, it may be possible that results may vary with a different subject, with learners of another age and in another domain than education (Hallifax, Serna, Marty, Lavoué, & Lavoué, 2019). This limits the generalisability of the specific results obtained in this context, whilst our findings on adaptive gamification raised the need for more studies in other contexts.

Third, as pointed out by [START_REF] Lessel | Enable or Disable Gamification?": Analyzing the Impact of Choice in a Gamified Image Tagging Task[END_REF], the effect of gamification widely varies for willing participants (i.e. participants performed better when they had a choice in using the game elements). Learners in our study were assigned game elements either at random or based on their learner profile, but they were not able to choose their game element. It is possible that if they were allowed to select their game element (say for example amongst the top 2 or 3 game elements for their profile) this might have had a better effect on their motivation.

Finally, we specifically made the choice to not include an un-gamified control situation as we were interested in evaluating how effective the adaptation was on engaging learners and not the gamification itself, since the question of how effective gamification can be is something that has been widely investigated in the related literature (see section 2.2).

Conclusion

In this paper, we presented the results of a large-scale study on the impact of a gamified learning environment on learners' motivation, looking specifically at how adapting to learners' player profile and initial motivation for mathematics affects seven different types of motivation. Our study covered eight lessons, composed of several quizzes (4 to 10) on the topic of secondary school level basic algebra. We analysed survey answers from 121 learners that used the gamified platform for between 4 and 6 weeks as a part of their normal class sessions.

These findings provide some insights into how adaptive gamification impacts specific types of motivation over time, opening up new research avenues in the field. First, we showed that the effects of the use of the gamified environment were only visible in the second period of the experiment, after five lessons. We therefore recommend that future studies, or uses of gamification, be considered only in longer settings (i.e. more than 2-3 weeks). This recommendation would ensure that the gamification mechanisms have time to properly impact learner motivation.

Second, we showed that the impact of gamification (either adapted or not) is different when considering each type of motivation. In both conditions, we observe a positive effect (increase in stimulation, and increase in internal regulation) and a negative one (decrease in accomplishment, identified regulation, external regulation and increase in amotivation). Our results reinforce the idea that future works should consider motivation with a multi-dimensional approach, which would allow to observe more specific effects of gamification on learner motivation and to achieve a better understanding of gamification.

Third, we showed that even if we do not observe significant differences between the two conditions, adapting gamification to learners seems to reinforce the effects on their motivation. We also showed that different game elements have different effects on learners, and that these effects differ depending on the type of motivation. In particular, non-adapted game elements had no or mostly negative effects, whereas when adapted, Avatar and Timer had both some positive and negative effects on different types of motivation. Progress, instead, had mainly a detrimental effect on different types of motivation, even reinforced when adapted. Further studies are therefore needed to identify the factors to consider for adaptation, as well as the interactions between the different types of motivation that are impacted by each game element.

In conclusion, adaptive gamification is a growing field of research that needs to mature and further studies need to be conducted to make comparisons between contexts, ans between factors to be considered in order to adapt. Through this study we highlight the need for running long term studies, and the importance of considering multiple types of motivation, relying on the Self-Determination Theory. Our future works will be directed towards the dynamic adaptation of game elements, taking into account learners' behaviours during the course.
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Figure 1 .

 1 Figure 1. A screenshot of the LudiMoodle learning platform showing the Timer game element and a question in a quiz.

Figure 2 .

 2 Figure2. Learner adaptation process. Both the learners' Hexad and initial motivation profiles are used to adapt (the compromise algorithm is fully described in appendix). In this example, we show how Student 01's profiles are used to recommend the Avatar game element: both the Hexad and Motivation influence matrices are obtained by adding the individual partial least squares result matrices for each game element. There is no positive overlap in the affinity vectors, so we combine the rankings for each game element.

  

Table 1 .

 1 Number of students per condition, per game element.Number of students per condition, per game element.

	Condition	Avatar Timer Progress
	Non-adapted	12	11	15
	Adapted	14	51	18

Table 2 .

 2 Mean variations of the different motivation types between the pre and post-tests. The results are presented for the adapted condition (column Adapted) and the non adapted condition (column NonA). The mean value of the initial motivation for each condition is presented in column Init. Mot. The cells are colour coded based on the results of the Wilcoxon test: values in grey are not significant (p>.050), values highlighted in light grey are significant (p<.050), in dark grey are highly significant (p<.010), and black are extremely significant (p<.001).

			Adapted	Non Adapted
			Init. Mot. Variation Init. Mot. Variation
		Know.	14.02	0.52	14.16	0.13
		Accom.	15.52	-5.8	15.03	-5.92
	Intrinsic	Stim.	11.98	2.21	12.18	1.32
		Id. Reg.	15.35	-2.34	15.79	-1.26
		Int. Reg.	14.12	0.68	13.68	0.64
	Extrinsic	Ext. Reg.	16.23	-2.93	15.61	-1.74
	Amotivation Amot.	7.33	5.59	7.34	5.84

Table 3 .

 3 Mean variations in the First (Mid test-Pretest) and Second parts of the experiment (Posttest-Mid test). The results are presented for the adapted condition (column Adapted) and the non adapted condition (column NonA). The cells are coloured following the same scheme as in table 2.

			First part	Second part
			Adapted NonA Adapted NonA
		Know.	-0.18	-0.63	0.7	0.76
		Accom.	-0.38	-0.05	-5.42	-5.97
	Intrinsic	Stim.	-0.03	-0.02	2.24	1.34
		Id. Reg.	-0.17	-0.66	-2.17	-1.19
		Int. Reg.	-0.6	0	0.87	0.64
	Extrinsic	Ext. Reg.	-0.21	0.07	-2.72	-1.81
	Amotivation Amot.	0.3	-0.23	5.29	6.07

Table 4 .

 4 Mean variations in motivation for the different game elements in the adapted and non adapted (NonA) conditions. The cells are coloured following the same scheme as in table 2.

			Avatar		Progress	Timer	
			Adapted NonA Adapted NonA Adapted NonA
		Know.	1	-0.25	0.2	-0.07	1.06	0.82
		Accom.	-12.83	-6.59	-6.26	-4.73	1.05	-6.82
	Intrinsic	Stim.	4.72	-0.67	1	3.2	3.72	0.91
		Id. Reg.	-1.94	1.25	-2.85	-2.4	-1.22	-2.46
		Int. Reg.	1.5	-1	-0.65	1.06	0.11	1.81
	Extrinsic	Ext. Reg.	-2.43	-0.5	-2.47	-2.8	-4.61	-1.63
	Amotivation	Amot.	11.86	6.91	5.85	5	0	5.82

Table 5 .

 5 Kruskal Wallis results comparing between adapted and non adapted conditions for each game element for each type of motivation. The cells are coloured following the same scheme as in table 2. The values in italics are slightly significant (p=.082)

	Variations			Avatar Progress Timer
	Global	3*Intr.	Know.	3.883	0.731	0.322
			Accom.	5.061	0.274	6.247
			Stim.	5.293	3.019	1.546
		3*Extr. Id. Reg.	4.845	0.148	0.773
			Int. Reg.	2.483	0.109	1.28
			Ext. Reg.	0.968	0.015	2.092
		Amot.	Amot.	4.181	0.24	4.285

Readers can refer to(Reyssier et al., 

2022) to have more details on all six game elements.

we used the French version proposed at https://hcigames.com/wp-content/uploads/2019/11/Hexad-Survey-and-Instructions F R.pdf

Appendix A. Profile questionnaires

The Academic Motivation Scale (AMS) [START_REF] Vallerand | The academic motivation scale: A measure of intrinsic, extrinsic, and amotivation in education[END_REF] evaluates the seven types of motivation described in details in section 2.1, except for integrated regulation. We provide an example of one of the questions asked for each dimension:

• Intrinsic Motivation for Knowledge, i.e. performing an activity for the pleasure and satisfaction of doing something new: "I like learning new things" • Intrinsic Motivation for Accomplishment, i.e. performing an activity for the pleasure of overcoming a challenge: "I like to see that I am able to solve problems" • Intrinsic Motivation for Stimulation, i.e. performing an activity for fun or excitement: "I really like maths" • External Regulation, i.e. performing an activity to gain some kind of external rewards: "I want to get a good grade" • Introjected Regulation, i.e. performing an activity to avoid shame or increase self-esteem: "I want to prove that I can do well in maths" • Identified Regulation i.e. performing an activity in order to achieve precise objectives: "I will be able to choose my future studies thanks to maths" • Amotivation, i.e. the absence of intention to perform an activity: "I don't know why I got to maths class, I feel like I'm wasting my time"

The Hexad typology differentiates six dimensions [START_REF] Marczewski | Even Ninja Monkeys like to play[END_REF]). We provide an example of the statements asked for each dimension:

• Socialiser, motivated relatedness. They want to interact with others and create social connections: "Interacting with others is important to me". • Free Spirit, motivated by autonomy and self-expression. They like creation and exploration: "It is important to me to follow my own path". • Achiever, motivated by Mastery. They want challenges to overcome, they are looking to learn new things and improve themselves: "I like overcoming obstacles". • Philanthropist, motivated by purpose and meaning. Their goal is to help others with no expectation of reward: "It makes me happy if I am able to help others". • Disruptor, motivated by change. In general, they want to disrupt the system, either directly or through other users, to force positive or negative change: "I like to provoke". • Player, motivated by rewards and his/her personal success: "I like competitions where a prize can be won". 

Appendix B. Adaptation algorithm