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Abstract.  In immersive simulation computer games the player is in a flow state, and acquires experience while investigating the game world. The player is intrinsically motivated and engaged in deep learning. Therefore these games could offer a great opportunity for educational purposes. Discovery learning within simulations leads mainly to tacit knowledge though.  An important issue in today’s research is how to place reflective interventions in serious gaming to make intuitive knowledge explicit. Based on previous research we propose a new model containing two different cycles a player can go through: the learning cycle and the game cycle. A player will be in one of the two states, this should be taken into account when designing a serious computer game. The model does not prescribe how to design these features exactly in an educational game, it indicates how a player proceeds through the stages of the Serious Gaming Lemniscate and thus in which order to place interventions. The model is not validated, yet it can be used to understand results from previous research, as indicated in section 2.
1. Introduction

In a simulation computer game the learner figures out the rules of the underlying model. Having a clear goal, the player, preferably in a flow-state, creates a spontaneous concept, often by a trial and error approach (Kilii, 2007). The player develops a “sense” for the interaction and thus the rule set of the game. He creates intuitive, tacit, knowledge or a spontaneous concept (Vygotski, 1986; Egenfeldt-Nielsen, 2005). This spontaneous concept is different from the scientific concepts that are applicable in the school context. Intuitive knowledge is attained by experiential involvement in a practical or mental activity (Swaak en De Jong, 1996; Rieber & Noah 2008). It is not a scientific concept, it can not yet be transposed to a different situation. To transform the spontaneous concept into a scientific concept the learner must go through the experiential learning cycle (Kolb, 1984). Experiential learning theories have been studied to understand serious gaming before (see e.g. Leemkuil, in press; Kearny, 2007; Garris, 2002; Ulrich, 1997) The experience gained in the game can be taken as a starting point in this discovery learning cycle (Van Eck, 2006). From here educational interventions must be performed to translate implicit knowledge to explicit knowledge. The intervention is needed to transform a spontaneous concept, created by the experimenting student and of value within the game, into a scientific, general concept (Egenfeldt-Nielsen, 2005).

The Serious Game Lemniscate Model, presented in this paper, places implicit and explicit learning activities in a complementary way next to each other.  While simulations in a serious game should reflect real phenomena, a rich problem-based experiential learning environment can easily introduce errors in the interpretation of the observed phenomena (Leemkuil & de Jong, in Press). Therefore guidance is needed. This guidance can be partially provided by gently increasing the complexity of the simulation; this is called “model progression” (de Jong and van Joolingen, 1998; White, 1984), and can be implemented in a game by an adequate level design. Typically a simulation game invites a player to investigate a phenomenon by trial and error, and then, once the investigation has led to understanding, propagate to a next, more complex level.  In this way an intuitive understanding of the simulation is constructed by the player. Later this must be transformed into an explicit understanding, a scientific concept.

The essential mission in this paper is to design a model which describes the learning experience of a player, moving from the game-experience into the learning cycle, and back again. 
2. Lessons from previous research
The question in the current research is how to implement the reflection- and conceptualization-step in the game. The player is known to experience the deepest learning in the flow state, albeit implicit learning.  Garris, Ahlers, Driskell, (2002) state that an addictive game helps creating drill and practice applications.  Kearny and Pivec (2007) suggest that a high flow and deep immersion increase the chance of re-engagement. Incorporating reflection-steps may disturb the flow and these advantages. On the other side, when no reflection is triggered, the knowledge will never become explicit. Many models that try to help the serious game designer solve this dilemma often exist of a combination of learning–cycles and transfer steps taken in a debriefing afterwards (Kearny and Pivec, 2007; Garris, Ahlers and Driskell, 2002). In these models the game play is a process, fed by the designer with content and rules and executed by the player. Afterwards the teacher takes care of the transformation of implicit knowledge into explicit knowledge in a debriefing phase. Kiili (Kiili & Ketamo, 2007) presents a single loop / double loop learning model describing a “cyclic process through direct experience in the game world.” Kiili stresses that the feedback of the game should support reflective thinking. No suggestion is made on how and when to organize the reflection. 

To create a model for reflection in serious games we need to decide on the key features for facilitating reflection during game play.  Therefore we studied the results form several studies on effective learning support in games.

Rieber and Noah (2008) investigated the learning effects in a simple physics game where players tilt a surface carrying a ball, in such a way that the ball “changes direction on a yellow mark”. As a result they found that students who played the game scored lower on a posttest on explicit knowledge than a control group who did not play the game. It turned out that the players became obsessive and went into a ‘twitch” mode, focusing only on the score. “Improving their score became an end unto itself. It took a great deal of prompting and coaxing by the interviewer to bring their attention back to the purpose of the game. (…) None of the participants felt that they were learning more about the content, even though their scores were improving”. During the posttest students referred to the game in answering questions as long as the questions involved a ball in motion. They were not able to transfer the concepts learned to a car in motion.  “However, this study indicates that given an outside agent, the game context has much potential to benefit learning.” This research shows us the need of separating the game-cycle from the learning-cycle.
Moreno and Mayer (2005) investigated whether guidance and reflection would facilitate learning in an interactive multimedia game. They used a game where the player designs a plant for a new planet. “Herman-the-bug” provides contextual advise. The game was set up starting with an interactivity step, followed by  reflection, corrective feedback, and finally the explanatory feedback . The general conclusions of the research  show a clear effect of the explanation step.  A second conclusion is that the effect of reflection diminishes in the presence of an interactivity step. They explain: “When students are asked to make choices during a learning task their cognitive level is already at a high level and no effective reflection takes place”. In other words: no reflection must be asked during the game play. The optimal design which Moreno and Mayer eventually define, and prove to generate the best results, places the corrective feedback before the reflection and concludes with the explanation or guidance.  

Leutner (1993) investigated how the amount of knowledge acquired while exploring a computer simulation can be increased by presenting information about the domain of reality before or during exploration. His general conclusions are that students without any support learn how to play the game, but gain no verbal knowledge about domain specific concepts, facts rules and principles. So support is needed to gain verbal knowledge. More surprisingly is that students who do explore the system with the assistance of adaptive advise acquire a high degree of domain specific knowledge, but learn to play the game only to a limited degree. Adaptive advice restricts the acquisition of simulation specific knowledge (the gaming skill). This result with 7th graders reproduces with university students. So it seems that providing information during game play is not optimal. It ruins the experience while increasing the verbal knowledge. In a next experiment was found that, easy accessible, permanent background information increased delayed-posttest-scores rather than adaptive advise. An explanation could be that because of the permanent character of the information, students can access it whenever they feel like it to reflect, and think of a way to implement it in the game, deciding on a new action to perform. This situation is likely to occur when the player gets frustrated in the game-cycle. The player decides by himself when to make the switch and can go back to the game-cycle whenever they learned what they needed. 
Van Eck and Dempsey (2002) investigated the effect of contextualized advisement and competition on transfer of mathematical skills in a computer-based simulation game in which players help their “aunt and uncle” fix up a house. Effects were measured with a pretest, posttest setup. For the posttest a similar game was used, with a different context. So both game-knowledge (intuitive knowledge) and explicit, domain specific, knowledge, can contribute to the posttest score. The general conclusion is that the highest transfer is reached in groups “with advisement, but without competition”, or in groups “with competition but without contextual advisement”. The presented explanation is that the competition creates an affective environment (flow) in which contextualized advisement cannot be fully attended to and processed. Competition inhibits meta-cognitive skills, attention and elaboration. It increases challenge, which is a typical game-cycle feature (see e.g. Malone, 1981), inhibiting reflective thinking. When competition is present but no advisement is available, motivation and performance are promoted in the game-cycle, and deeper intuitive learning is triggered. This explains the high transfer of the competitors who played without advise. 
In conclusion we learned from previous research that the game- and learning cycle must be separated and that the feedback on a players’ actions should precede the reflection on the action, followed by explanations or advise. Further we learned that advise is necessary to generate verbal knowledge, but that the timing of the advise is crucial. When advise is offered during game play, it is not only ineffectively absorbed by the player, but it also ruins the effect of the game experience. We believe from Leutners positive results for the permanent available information that a player should be able to access the information on his own initiative, whenever he feels he needs it. This is probably when he gets frustrated in the game play.

3. The Serious Game Lemniscate Model
The Serious Game Lemniscate Model (SGLM) that we developed and present in this paper acknowledges both a game-cycle and a learning-cycle existing next to each other, rather than incorporating one into the other, or placing one after the other. In the SGML, the concrete experience, the “feeling” or “sense” is placed in the center of the experiential learning. The poles represent at one side the abstract conceptualization, the thinking in the learning cycle, and at the other side the action, the experimenting, in the game-cycle.  The model is inspired by the knowledge management model by Medini & Medini (2005) who merge the task-action-cycle into the learning-cycle.
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Figure 1: The Serious Gaming Lemniscate Model
In the SGLM the learning-cycle reflects the Kolb-cycle (Kolb, 1984), where the experiential learner uses Concrete Experience (CE), Reflective Observation (RO), Abstract Conceptualization (AC) and Active Experimentation (AE). The game-cycle is a representation of a similar cycle, reflecting the intuitive state of the gamer. The game-cycle describes the forming of spontaneous concepts. A game cycle knows a clear goal (Kiili, 2005 ), inviting the player to start an Intuitive Experimentation (IE). For this to happen the game must provide an intuitive interface so the player can actually start an Explicit Action (EA).  The players’ action triggers the game to generate some clear feedback, addressing the essential aspects of the simulation (White, 1984) for Explicit Observation (EO). Once the results of the action have become clear the player can create an Intuitive Concept (IC) to explain the systems feedback to the action. The game-cycle and learning-cycle are graphically represented in figure 1. 
At the junction between the two cycles the player determines whether to leave the game-cycle to enter the learning-cycle, or to make a new attempt in the game-cycle, without elaborate reflection. It is at this point that we can try and steer the player into the learning-cycle. The essential feature of the model is this junction between the two cycles. A good design for an effective learning experience based on a simulation game succeeds in “working the junction” and switching between the two cycles in a natural way. The SGLM reflects the different learning phases in a simulation based learning experience, and their timing. It indicates what interactions to place in the game-cycle, when to switch to the learning cycle for deeper reflection and creation of scientific concepts, and when to switch back to the game-cycle to gain a new experience to reflect on.
4. implications of the SGLM for serious game design
The recommendations for the game-cycle are roughly indicated in figure 1. Although we do  not provide a step by step design recipe, we indicate the essential features to be implemented in a serious game, together with the order in which these must be available to the player. We stress the concept of the two cycles. In designing a serious game, for each interaction one must make sure that “the player into the right cycle”. Do not provide conceptual information while in the game cycle for instance, as Leutner (1993) found out. 
First, for the player to be able to act intuitively a clear goal is required in the game, preferably referring to the concept to be learned, thus making the transfer easier. (Kiili (2005), White (1984), Rieber (2008)). When the goal is clear, the player desires to perform some action. An intuitive interface must allow the player to control the game, sustaining the trial and error approach. (Kiili 2005, White 1984). The interface must connect to the scientific concept by influencing the value of essential model-quantities in an unambiguous way (White 1984). After the action the game must provide immediate and relevant feedback showing how effective the action was in approaching the goal. The feedback should be connected to the concept to be learned in an unambiguous way, focusing on the essential aspects of the model (White, 1984). Now the player can value the events in the game. The last step in the game-cycle is the creation of a concept for the underlying mechanism to be understood. The player has to think about the observations and decide whether the observed phenomena are relevant or not. Also at this point the player decides if he moves on to the next decision or if he want to reflect first. Here where we can design the switch to the learning-cycle.
We believe that frustration may be a powerful instrument to initiate this switch. When the game is designed in such a way that the challenge increases fiercely, when new concepts are implemented in the rule set, the player will become frustrated and fall out of the flow state (or game-cycle). The player will look for help to get back in the game-cycle. We provide this help by facilitating the learning cycle (see  figure 2.) [image: image2.jpg]Challenge
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Figure 2: By frustrating a player out of the flow, we can “get in contact” to coach him through the learning cycle, preparing him for the next game experience.
For a good connection between game cycle and learning cycle, the representation in the game should connect to the scientific context. For instance by representing a force in the game by an arrow, this is intuitively understandable but also connected to the scientific concept of a vectors. (White, 1984). Such an object can be indicated as a boundary object. A boundary object is an object that has a natural relevance in two different contexts; in this case in the game-cycle as well as the learning-cycle. (see e.g. Trompette and Vinck, 2009). 
In the learning-cycle we provide the reflection-scaffolds. Mayer et al. (2007, page 50)) show a version of Kolb’s learning cycle where the teacher acts as respectively Trainer / Debriefer (from CE to RO), Coach (from RO to AC), Instructor (from AC to AE) and Facilitator (from AE to CE). These roles are easily recognized in our design recommendations. We propose to facilitate the reflective observation with observation tools and monitoring tools (De Jong en Van Joolingen, 2001), for instance by offering help in a well structured menu, guiding the learner to order his observations as he navigates through this structure. In creating the abstract concept  we can offer help with explanations and providing background information. Once a hypothesis is formed, based on the observations, the learner must decide on a new experiment, we can help with instructions and facilitate the player with experimentation hints such as "vary one thing at a time " or "try extreme values" (De Jong en Van Joolingen, 2001). 
5. Conclusion
The Serious Game Lemniscate model that interlinks the game-cycle and learning-cycle offers a clear view of all required learning stages in an effective educational simulation computer game experience. The model also shows the order in which the stages should be presented to the learner. The model helps to decide on the intervention-moments in a serious game and indicates the value of the required boundary objects.  The SGLM was designed, taking into account lessons learned from previous research, discriminating clearly between game cycle and learning cycle, and prescribing the order in which the learner should go through the different phases. 
The SGML may help understanding “how people learn from playing games”. Peterson et al. (2008) denoted an advice from a serious gaming practitioner who states that “At key moments the action is paused and students are asked for a line of description or analysis”. The SGLM can be of help to find out when these key moments are. Rieber (2008) remarks that “teachers should not simply introduce edutainment software into the classroom without careful consideration and planning on to how to make these experiences relevant from the educational point of view”. The SGLM provides a general language to discuss the design and timing of reflection in serious games and game based lessons. 
The model can be applied to lessons incorporating a small game as well as elaborate serious games, identifying the nature of required reflection. It is argued that the working of the junction between the two cycles is the great challenge in creating serious simulation game applications. Based on the SGLM we suggest to purposely frustrate players on well chosen moments to evoke a need for (scientific) information and force the player into the learning cycle.
Further research is planned to validate this model. Although we found some confirmation for the order in which the interventions are placed as described in section 2, we have no proof yet that players do actually switch between the cycles. We plan to start a project to observe players learning in a game. The goal is to identify objective measures determining if the player is in the game-cycle or the learning-cycle. Next to that we plan to investigate how to make the switch form the game-cycle to the learning cycle.
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