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network to slow down the cognitive losses due to Alzheimer's. According to [START_REF] Cadet | Psychologie cognitive[END_REF], attention is a function of the ability to select an object or stimulus from among many others and then to decide whether it should be ignored or whether action must be taken. For example, a vehicle horn or a door slamming can attract attention (detection) but does not necessarily require an action (interpretation).

Le Village aux Oiseaux relies on the following principles: highly interactive, fun and auto adaptative.

Interactivity is the foundation of the therapy: by stimulating a lot the attention network, we expect to maintain much longer up and running the users' cognitive abilities.

Fun will make people to play the game and play again in the future. The more the user plays, the more she/he cares.

Adaptivity is necessary for the game system to propose relevant contents to the users, depending on their remaining capabilities, mood, health, motivation, etc.

To provide such ecient training, the system have to ensure that the player is focused on the game. A major challenge is to provide to the system a tool to monitor the player's attention level. Then, whenever the player loss his concentration, the game would be able to help him to (re)focus by triggering special events or to stop the session if such special events remain inecient.

To know when the player has an attention gap, we need an approximation of their attentional capabilities to compare with. Such data is also necessary for adapting game diculty to the player abilities, which is important to provide an adapted training, but also to foster the player's motivation. Indeed, an adapted diculty is one of the key item to reach the ow state.

Many measures of attention rely on physiological and behavioral manifestations, such as electrodermal activity, heart rate, respiratory rate, or eye movements. Yet, Le Village aux Oiseaux will be played by elderly people at home without supervision. Consequently, we needed a method to measure attention that (1) is not invasive, (2) requires no IT skills, (3) costs as little as possible, ( 4) is able to detect in real time any change in the attention level of the user.

In a video game, the user frequently moves the mouse cursor toward an object, whether it be to select an option or to kill an enemy. Our main hypothesis is that we can measure the reaction time (RT) of a user by making a geometrical and temporal analysis of the movements made by users in real time. RT is easily computed as the dierence between the time corresponding to the beginning of the user's voluntary movement and the time when the target appeared. Then, we can evaluate the current user's attention level by comparing the current RT with the mean RT of the user.

The main challenge of our method lies on the fact that the system does not have any clue to determine the beginning of a movement which would be triggered by the appearance of the target (i.e. the user moves actually the cursor in order to select the target). Since the user is free to move wherever he/she wants, regardless to the presence of target on screen, the system can not determine which movement are motivated by selecting the target and which ones are not.

Our rst implementation of this method consists of three experiments. First, we conducted two experiments with simple pointing tasks in a non-game environment. Then, a third experiment in a simplied version of Le Village aux Oiseaux.

This paper is organized as follows: Section 2 describes the general design of the serious game Le Village aux Oiseaux; Section 3 presents related work; Section 4 describes our experiments; Section 5 summarizes our paper and provides an outlook for future work.

Game Design

Le Village aux Oiseaux (Fig. 1) is a cognitive rehabilitation game for patients suering from the Alzheimer's disease. Therapeutic games, to which cognitive rehabilitation game belongs, are a category of serious games that aim to improve the health condition of their players [START_REF] Mader | How to analyse therapeutic games: The player / game / therapy model[END_REF]. Indeed, by applying the denition of therapy to games [START_REF]Mcgraw-hill concise dictionary of modern medicine[END_REF], we can dene therapeutic games as follow : a game whose intended and expected eect is to heal, to alleviate, or to improve a particular health condition.

According to Guardiola et al., a serious game is a rule-based formal system with variable and quantiable outcomes, where dierent outcomes are assigned dierent values; the player exerts eort in order to inuence the outcome, and the player feels attached to the outcome. A serious game, however, combines this with a dened, real-life objective [START_REF] Guardiola | Du jeu utile au jeu serieux[END_REF]. This denition is based upon the classic game denition given by Juul [START_REF] Juul | The game, the player, the world: Looking for a heart of gameness[END_REF].

It means that a serious game are above all games, but games that have been designed to attain a real-life objective. In Le Village aux Oiseaux, this objective is to provide a cognitive training to patients suering from the Alzheimer disease.

The therapeutic hypothesis on which the project was founded is that stimulating the attentional network of the patient may slow down the eects of the cognitive decline due to the disease's progression. As a result, the patient would stay at a higher level of cognitive functioning by playing Le Village aux Oiseaux.

Video games have already been used to attain such objective. Using video games leads to the improvement of cognitive functioning of elderly people [START_REF] Torres | Cognitive eects of videogames on older people[END_REF].

Playing video games can improve the performance of the players [START_REF] Boot | The eects of video game playing on attention, memory, and executive control[END_REF] and especially the performance of elderly people [START_REF] Clark | The eects of videogame playing on the response selection processing of elderly adults[END_REF] [9] [START_REF] Jimison | Unobtrusive monitoring of computer interactions to detect cognitive status in elders[END_REF].

Using games in therapy is seen as a promising solution because they can motivate the player, motivation being a major challenge in a therapy context [START_REF] Burke | Optimising engagement for stroke rehabilitation using serious games[END_REF] [12]. Indeed, therapies are often repetitive and boring, even provoking painful side-eects. As a result, patients tend to be less regular in their therapeutic protocol, and even sometimes drop out. Indeed, video game is a type of application that attracts a large number of users across the world. According to Pew Internet and American Life Survey 2008 [START_REF] Lenhart | Adults and video games. pew internet and american life project[END_REF] [START_REF] Association | Essantial facts about the computer and video game industry[END_REF], more than half of all American adults play video games. Facing challenges and being immersed in an interesting game world are two of the main reasons why players play [15] [16].

In this article, we focus on the challenges and their diculty, but we also designed a game world, with a story and other characters for the player to meet.

Here is a resume to give some context. In Le Village aux Oiseaux, the player takes the role of a photograph arriving in a little Provencal town about to be destroyed by a real estate project. To help the villagers, the player will take pictures of birds to prepare a report proving that numerous birds live around the village. Thus giving the town the status of nature reserve and leading to the interruption of the real estate project.

First, we briey explain how we choose and adapted a gameplay for Le Village aux Oiseaux, then we explain our approach to the diculty and why it is necessary to have an estimate of the attentional capabilities of the player.

Designing the gameplay

A gameplay is composed of (1) challenges that the player faces, (2) the actions the player can do to address the challenge [START_REF] Adams | Fundamentals of Game Design[END_REF]. Challenges can be of dierent types regarding the kind of actions that the player has to do: sensitive / perceptive, cognitive (logical), motor [START_REF] Aponte | Diculty in videogames: an experimental validation of a formal denition[END_REF]. In therapeutic games, the gameplay is what provide the therapeutic eect, and thus is the most important aspect to design.

Moreover, in addition to provide the therapeutic eect, the gameplay should motivate the players and be accessible to them. Here, our players are seniors with dierent degree of cognitive loss, meaning the accessibility should be though from the beginning.

As a consequence, we rst selected a gameplay that can provide the therapeutic eect, then we adapted it to our players, and afterwards we designed additional part of the game to foster the player motivation.

The rst design decisions were based on a study of Green and Bavelier, who found out that players of rst person shooter games were better at dierent visual attentional tasks because the game trained their attention network [START_REF] Green | Action video game modies visual selective attention[END_REF].

In a later study, Dye, Green, and Bavelier discovered that players of action games, to which rst person shooter games belong, had improved their attention network, making them faster and more ecient than non-players [START_REF] Dye | The development of attention skills in action video game players[END_REF]. Therefore, the gameplay chosen for Le Village aux Oiseaux is the gameplay of rst person shooter game (Fig. 2). This implies (i) that the main mechanics of the game is to aim at targets on the screen and validating it by pressing on a button at the right time (i.e. while the crosshair is aligned with the target), and (ii) that the game world is a 3-dimensionals (3D) environment seen through the eyes of the avatar (i.e. rst person perspective). However, rst person shooter games are generally conceived for young male adults or adolescents, which is why this gameplay must be adapted to be accessible to and engaging for seniors [START_REF] Ijsselsteijn | Digital game design for elderly users[END_REF].

According to our insights, experience and an analysis of our purpose, we dened that we had to simplify the gameplay and the game controls. Indeed, moving and orienting the avatar in a 3D environment is a dicult task that requires some training. It requires strong abilities in spatial orientation and representation, as well as learning complex control schemes. Meaning that the player can lose himself in the game environment, but also that he has to manipulate at the same time the two analog sticks of a game controller, one to move his avatar and one to orient his view.

Learning this task is tedious and seniors are seldom experimented with the task. To minimize the probability of our player rejecting the game because of this tedious learning, we decided to automatize this part of the gameplay. Thus, the avatar follows a predened rail, making the player's experience similar to the one of a roller coaster. The rail denes the path of the avatar in the 3D game world and where it looks. It also denes at which speed the avatar moves, when it stops and for how long. Therefore, Le Village aux Oiseaux belongs to a sub-category of rst person shooter games called rail shooter, like the game Ghost Squad (Fig. 3).

By having a gameplay focused on the aim mechanic, the game is accessible to seniors while keeping a 3D environment. Indeed, aiming is mainly a 2D task, the player's challenge is to position his cursor upon the target's x and y positions (relative to the screen).

Moreover, rail shooters are primarily played with game controllers like Light Gun, Sony PSMove, or Nintendo WiiMote, simplifying the control scheme and make the aim more ecient and intuitive, so quickly enjoyable for the player [START_REF] Johnson | The inherent appeal of physically controlled peripherals[END_REF]. As our design decision were based on four hypotheses, we veried them by organizing a playtest. We chosed existing games and observed seniors playing them to assess if:

• Seniors like games in which they have to aim a target and validate it.

• Seniors are able to use a game controller similar to a Nintendo Wiimote, because it is similar to a TV controller (buttons, shaping, action of pointing in the direction of the screen).

• Seniors adapt themselves to the use of such controller to point to targets on the screen.

• Seniors have diculties to move and orient a character in a 3D environment.

The playtest are explained in details in [START_REF] Mader | How to analyse therapeutic games: The player / game / therapy model[END_REF]. Our observation conrmed that the gameplay we selected and the adaptations we made to it should result in an accessible and enjoyable game to seniors.

Designing the diculty

To be eective, a cognitive training or rehabilitation program has to be adapted to the patient's abilities. A balanced level of diculty (i.e. neither too easy nor too dicult) is also an important factor in motivation, as well as being necessary to attain a state of "ow" [START_REF] Csikszentmihalyi | Flow: The Psychology of Optimal Experience[END_REF]. The "ow" state is a state of momentum within which someone is completely concentrated on the task at hand.

Even if challenges have a specic level of diculty, a moderate challenge can be too easy for an expert and too hard for a beginner. As a consequence, the actual diculty level of a challenge is dependent of the capabilities of the player [START_REF] Aponte | Diculty in videogames: an experimental validation of a formal denition[END_REF]. Thus, we need to assess the player capabilities to be able to set an eective diculty level for him. In Le Village aux Oiseaux, it means being able to assess his attention capabilities.

Le Village aux Oiseaux is designed to be played by elderly people in their homes without supervision. Thus, our method to evaluate attention should be straightforward for the patient, meaning a method requiring no specic devices or sensors. If the last sections explained how we designed and validated our system to measure the player attention, this section explain how we use the player prole in Le Village aux Oiseaux to adapt the diculty level of the challenges.

The main challenge of Le Village aux Oiseaux is to photography birds, but the player get instructions about which kind of birds he has to photograph and at which moment (i.e. while the bird is doing something in particular). An example of instruction would be: Take 10 pictures of swallow while they are ying.

The gameplay is composed of two kind of actions. Explicit actions that is actions whose have a visible manifestation such as pressing a button to take the picture, and implicit actions whose are never known by the game system such as detecting a bird or thinking.

To complete a photography challenge, the player has to (1) observe the screen to detect the presence of birds, [START_REF] Mader | How to analyse therapeutic games: The player / game / therapy model[END_REF] follow by sight what a detected bird is doing,

(3) take a picture when the right bird is doing the right behavior.

Those 3 steps can be decomposed in more detailed actions. For instance, to take the picture, the player has to aligned the cursor with the bird, and then to press a button at the right moment to take the picture.

By listing every actions of these 3 steps, we have been able to determine that the most important actions for the therapeutic eects were connected to the observation and the following of birds, and that taking the picture was mainly a motor challenge. Thus, we have two kinds of diculty level, one for the therapy, and one for the motor challenge. This separation is also convenient because our players, being seniors, may have other health condition that may impact their motor skills such as arthritis.

Being able to adapt the diculty with such details is necessary to provide an accessible and enjoyable game for everyone. Indeed, it is not because a senior is very slow to take a picture that he cannot detect the birds very quickly when they appear on the screen. Conversely, a senior being slow to detect birds can be very quick when it comes to taking the pictures.

As we know every implicit and explicit actions the player has to do to complete the challenge, we can determine for each of them what are the parameters that we can use to modify the diculty level. For instance, detecting a bird is more or less dicult depending on its size on screen, its contrast to the background, and its distance to the attention focus of the player. Identifying a bird is more or less dicult regarding the number of dierent birds existing in the game and their dierence (size, color, shape).

The adaptation of the motor challenge diculty can easily been done by changing the size of the cursor (i.e. the bigger the easier), but other means can be used such as slowing the birds. The way by which we can infer the motor capabilities of the player is still under design and out of the scope of this paper. An attention measure system is necessary to obtain an estimate of the attentional capabilities of the player, and then to vary the diculty parameters according to this estimation (Fig. 4). Another important aspect of such system would be to determine the moments when the player is tired or bored, in order to add events in the game to capture back his attention. Such events should be a combination of sound and visual eects such as a ock of birds passing over its head while singing.

Related work

Analyzing user behavior could allow us to monitor the cognitive status of users when they play video games.

Attention measures can be applied in serious games that are primarily designed as tools for learning: e.g. we can imagine an articial intelligence that adapt to the game's environment based on user behavior.

Survey subjects through video games can monitor the process of attention decit/hyperactivity disorder [START_REF] Andrade | Supermarket game: An adaptive intelligent computer game for attention decit/hyperactivity disorder diagnosis[END_REF]. Early identication of cognitive decline is very useful in the elderly world to refer to the imminent functional impairment and to provide more ecacy with the treatments and/or delay disease progres- Testing RT is very important for detecting cognitive decline and for improving processing speed. Fitts [START_REF] Fitts | The information capacity of the human motor system in controlling the amplitude of movement[END_REF] proposes a law that predicts the time required to move from an initial position to a nal destination. Fitts' law depends on the distance required to point towards the target and on the size of the target.

The RT is the time interval between the appearance of the stimulus and the beginning of movement toward that stimulus [START_REF] Gueye | Spatial orienting of attention: a study of reaction time during pointing movement[END_REF]. Today, the use of RT to infer the nature of perceptual and cognitive processes is fundamental in experimental psychology.

In this paper, we report on our experiments measuring the RT during a pointing task. These experiments constitute a step towards our goal of evaluating the attention of Alzheimer's patients playing the therapeutic game Le Village aux Oiseaux.

In the current prototype of Le Village aux Oiseaux, the player takes the role of a photographer who takes pictures of birds displayed on the game screen, using the mouse as a pointing device [START_REF] Mader | How to analyse therapeutic games: The player / game / therapy model[END_REF]. When the user makes a movement towards the bird (target) to take a picture of it the real time analysis of this movement allows us to compute RT, which provides an indication of the attention level of the user. Then, by comparing the current RT with the mean RT of the users, it is possible to determine the loss of attention at any time during the game and thereby detect when the user begins to become tired. At such a moment, the game should help the user maintain concentration by rendering more visual and audio eects, such as making a ock of birds ying just over the their head. The mean RT can also be used to congure the diculty parameters of Le Village aux Oiseaux.

Method And Experiment

The aim of the following experiment is to compute reaction time (RT) during a pointing task in a complex environment, where the user's trajectory is free within the space. Given that users use only a mouse to execute the pointing task, the moment at which the movement toward the target begins is not easy to nd. We are obliged, therefore, to use data generated by the software to analyze users' trajectory and compute RTs that can provide us with an indicator of user attention.

The methods used in our experiments are based on the BAWL battery (Batterie Attention William Lennox) [START_REF] Leclercq | Ottignies Louvain la Neuve[END_REF]. The BAWL battery is a tool similar to TAP battery (Tests of Attentional Performance) [START_REF] Zimmermann | Tests of attentional performance (tap)[END_REF]. While it has been developed with neuropsychological goals in mind, it can also be useful in other domains: psychiatry, cognitive psychology, gerontology, to provide additional information following physical examination, etc. Int the way it is structured it targets more specically the assessment of adult subjects (there are no norms for child populations). The dierent tests of the battery have in common the use of simple tasks, soliciting a minimal level of cognitive processing. The majority of the tasks have been constructed from a common structure (type of items, inter-stimuli intervals and presentation modalities) in order to favor reliability in comparisons between tasks. The low level of cognitive processing linked to the simplicity of the tasks and the common structure of most of the proposed tasks improve the control of the implicated variables when analyzing a subject's performance. The battery includes a total of ten RT tasks. Most of these tasks exist in dierent versions, dierentiated mostly by the number of items of which they are composed. The RTs are recorded in milliseconds.

Our experiment consists of three parts: Static Pointing, which computes a reliable RT using an ideal conditions wherein users must react directly and quickly facing the visual target; Dynamic Pointing, which computes the RT within a complex environment in which the user's trajectory is free within the space; Game Pointing, where we can apply our dynamic method to compute the RT in the context of video games.

A total of 15 volunteers (9 male and 6 female) participated in this experiment. Their ages varied between 25 and 40 years, with a mean of 30. mouse to point at certain targets displayed on the screen. Sometimes, users will wait for the target to appear before moving their mouse towards it to achieve the task. In this case, if the user did not move his or her mouse until the target appeared and if the movement post-appearance was directly toward this target, the RT can be described by the following equation:

RT = T target -T 0 (1)
Where T target is the moment of the target's appearance and T 0 is the moment of beginning the movement toward this target.

In this task, users must move the mouse cursor towards a white square located at the center of the pointing application interface (1000 × 1000 pixels), and preserve the mouse cursor without any movement inside this white square during a random period of time ranging from 1 to 3 seconds. After the target's appearance on the interface, the white square disappears automatically and the user must make a direct movement towards the target to point at it.

The waiting period is built in order to display the target (a circle, radius = 100 pixels), and also to force the user to not move the mouse cursor before the target appears on the interface. The target appears randomly on the interface with a minimum distance of 400 pixels from the mouse cursor.

The user had to repeat this task 15 times. Fifteen RTs have been obtained; they are calculated in real-time for each attempt. All trajectory positions with timestamp were recorded.

Dynamic Pointing

In this procedure, and in contrast to static pointing, users can make a movement before and at the time of the target's appearance. Movement postappearance can be either directly toward the target or not. In this case, the T 0 of the equation ( 1) is dierent. In order to calculate the new T 0 and then the new RT, we created a tolerance sector using the direction vector (DVMT) between the mouse position and the target position, where each side of this tolerance sector was built with a predetermined angle α/2 between it and the DVMT. This tolerance sector allows us to compare the DVMT with the direction vector (DVW) of a sliding window throughout the user's trajectory. If the angle between the two vectors DVMT and DVW is less than α/2, we consider that users move their mouse cursor towards the target (stat B on g. ( 5)) and if not, we consider that users' movement is not towards the target (stat A on g.

( 5)). This method allows us to determine the beginning of the voluntary movement T 0 towards the target at any time during the execution of this dynamic pointing task.

Consequently, the RT will be described also by the equation ( 1) where users should move the mouse cursor until the target appears, and then the movement post-appearance should be directly toward the target. T 0 is the moment of beginning the mouse movement towards the target.

In this task, users must move the mouse cursor on the pointing application interface (1000 × 1000 pixels) during a random period of time ranging from 1 to 3 seconds. After the target's appearance on the interface, users must make a direct movement towards the target to point at it.

The waiting period is built in order to display the target (a circle, radius = 100 pixels), and also to force the user to move the mouse cursor before the target's appearance on the interface. The target appears randomly on the screen with a minimum distance of 400 pixels form the mouse cursor.

Users were asked to repeat this task 15 times. Fifteen RTs were obtained; they were calculated in real-time for each attempt. All trajectory positions with timestamps were recorded.

Evaluation experiment of dynamic pointing

To check the reliability of the tolerance sector that we used to calculate the moment of beginning the movement toward the target in this dynamic procedure, we conducted another protocol in which we asked the same subjects to move the mouse cursor during a random period of time which ranged from 1 to 3 seconds, in order to display a target (a circle, radius = 100 pixels). Following the random appearance of the target on the interface, users must completely release the mouse. The RT here is the time interval between the target appearance and the release of the mouse. Users must repeat this procedure 15 times. We obtained 15 RTs in real time for each attempt.

Game Pointing

In this procedure (Fig. 6) we use our dynamic method to compute RT in the context of video games in order to detect user behavior during a game session.

Users played a simplied version of Le Village aux Oiseaux, where they had to nd and point at all targets in this environment. Users use only a mouse to execute the required task. Players are not required to move around in the game world; the virtual camera moves automatically in the game world following a predened path. The virtual camera pauses 20 times during the session. At each camera pause, a target (bird, radius = 100 pixels) appears randomly on the game interface after a period of time ranging from 1 to 3 seconds. Following the target's appearance on the game interface, users must make a direct movement towards the target to point at it using the mouse.

Figure 6: Game experiment: the application's interface after the target's appearance (bird).

Results

Static Pointing Results

We applied the equation (1) to calculate the reaction time (RT) where the user did not make any movement before the target's appearance and the move-ment post-appearance had to be directly toward the target. The results of this static experiment show that the RT mean of all subjects is 342 ms with a standard deviation of 25 ms.

Dynamic Pointing Results

We reapplied the equation ( 1) to calculate the RT where the user must move the mouse cursor until the target appears, and then the movement postappearance should be directly toward the target. The gure [START_REF] Boot | The eects of video game playing on attention, memory, and executive control[END_REF] shows the RT mean for all subjects in the dynamic experiment. We used four angles of the tolerance sector (α = 45 • , 60 • , 90 • , and 120 • ), so we calculated four RTs for each subject in each attempt. We can observe that the RT decreases when the tolerance sector increases. We also calculated the mean and the standard deviation of the RT for all the subjects who participated in the dynamic experiment. Table [START_REF] Cadet | Psychologie cognitive[END_REF] shows the result of this calculation, which will be compared with the result of the evaluation experiment.

To check the reliability of the tolerance sector that we use to calculate the moment of beginning the movement toward the target in the dynamic experiment, we calculated the mean and the standard deviation of the RT obtained in the evaluation experiment (the user moves the cursor mouse to display the target and must completely release the mouse following the target's appearance). We examined whether our results were normal or not by using the Shapiro-Wilk test [START_REF] Shapiro | An analysis of variance test for normality (complete samples)[END_REF]. We found that all the results we have obtained follow a normal distribution. We observed that the mean RT obtained in this evaluation experiment is 355, with a condence interval that varies between 298 ms and 413 ms. If we look back at the table (1), we note that for a tolerance sector angle of 45 To determine the minimum angle of the tolerance sector that detects the moment of beginning the movement toward a target during a pointing task, we conducted an o-line analysis; by this we mean we re-analyzed the data obtained in the dynamic experiment for each subject to determine their RT but this time using a tolerance sector with an angle less than 45 • . We observed that when we used a tolerance sector of 40 We analyzed the angle (Ang) between the direction vector of the mouse and the direction vector between the mouse position and the target position. This analysis is intended to describe the RT values, knowing that the target response is launched in the brain before the user corrects his or her trajectory for pointing 

Game Pointing Results

In this last experiment, we obtained 20 RTs for each subject based on the equation (1) (using a tolerance sector angle of 90 • ). We considered the 5 rst attempts as belonging to a calibration phase. We then calculated the mean of the 5 attempts of the calibration phase. The 15 remainder RTs were compared to the mean of the 5 attempts obtained in the calibration phase. If a RT among the remaining 15 passes above the mean of calibration, we considered that the user had a lack of attention. If a RT among the remaining 15 was lower than the mean of calibration, we considered that the user reacted normally when faced with the targets.

We did not observe a strong lack of attention in our game experiment because our subjects were healthy (non Alzheimer's patients) and could perform the experiment (with 20 attempts) with no attention-related issues.

Discussion

As discovered in earlier studies, sensor-based systems have been used to measure visual attention for many years. These systems have provided many visual attention measurements useful for analyzing users' behavior. They have also shown themselves to oer a very good way of evaluating the design of interactive applications, e.g. video games.

However, the use of sensors can be intrusive, e.g. users of video games prefer a comfortable installation when they are playing video games, making the use of sensors like eye trackers, EEG, or ECG sensor unsuitable for users of video games.

The use of an indirect method for monitoring users of video games, for example, can be an interesting non-intrusive approach for the study of user behavior towards improving the design of interactive applications -such as, for example, improving navigation in virtual environments or playing videos games.

Our method uses a novel, non-intrusive technique for studying user behavior in a serious game, by analyzing the trajectory made by users using the mouse as a pointing device. This technique has allowed us to measure and evaluate the reaction time produced by users when they try to achieve pointing tasks.

Our results show that the mean of the RT mean values in the static experiment is 342 ms with a condence interval that ranges between 292 and 392 ms.

If we compare the RT values obtained in the dynamic experiment with those obtained in the static experiment, we can refer back to the table [START_REF] Cadet | Psychologie cognitive[END_REF] and nd that we have RT values in the dynamic experiment (the mean of the RT mean is 390 for 60 • , 368 for 90 • and 348 for 120 • as tolerance sector) that belong to the condence interval of the static experiment. However, we cannot compare the static procedure with the dynamic procedure because the experiment protocols are dierent; this dierence is expected, due to the dierence in cognitive process between these two experiments.

In the case of the dynamic experiment (free pointing), we observe via gure (7) that the RTs do not have the same values for all tolerance sector angles. We deduce that the RT decreases as the tolerance sector angle increases. We notice that the mean of the RT values obtained in the evaluation experiment is 355 with a condence interval that varies between 298 ms and 413 ms, where we can note through the gure (8) that we can compute correct values of RT using a tolerance sector angle with a minimum value of 40 • in a complex environment where users can perform their trajectories without any geometric condition.

Consequently, we notice that we can compute the RT during pointing movement using only a mouse to complete a complex pointing task. RT measurement can give us signicant results in terms of evaluating user attention. If the RT measure is small, we can deduce that the user reacts quickly when faced with a given task; if the RT measure is large, we can deduce that user reacts slowly when faced with this task.

We did not observe any signicant amount of lack of attention (using RT as an indicator of attention) during our game experiment because our subjects were in good health and could therefore perform the task free of any attention-related problems, where the number of attempts was rather limited (20 attempts per subject). We note that this phase of the experiment was very short and for that reason it did not show a signicant results; it should be extended to a longer phase that will allow us to eectively monitor user attention, especially that of Alzheimer's patients.

We have conducted experiments using our method with a unique, nonmoving target. As the results we obtained are promising, we now plan to evaluate our method with the complete version of Le Village aux Oiseaux. In the full version of the game, numerous birds can appear simultaneously, they can y or walk, and even disappear before the player has had a chance to take a picture of them. Additionally, the nal version of the game will be played with a WiiMote-like controller for accessibility and usability reasons. Thus, we will need to test our method under such conditions in order to evaluate whether it can measure RT in a similarly less-controlled environment.

Conclusion And Future Work

In this paper, we have presented our experiments in computing reaction time as an attention factor, using a real-time, non-invasive measurement method.

We applied our method to a serious game called Le Village aux Oiseaux, where pointing movements are made freely within the space.

We used reaction time to monitor user attention during the experiments, given that the reaction time analysis is important for the detection of cognitive decline and the improvement of processing speed.

We demonstrated a static method that computes reaction time that corresponds to the time interval between the target's appearance and the beginning of the movement towards the target, where the user does not make any movement before the target's appearance.

Additionally, we showed a dynamic method which computes the reaction time in a complex environment with a tolerance sector angle of 40 • . The participants in our experiment were able to better perform a pointing task when the tolerance sector of the pointing device was larger. We showed that we can provide an attention indicator and capture the phase in which the player has begun to lose his or her attention during our game experiment. We did not observe a strong lack of attention during our video game experiment due to the fact that our subjects were healthy and the number of attempts was quite limited.

The visual attention method used in our experiment is adequate for deriving data that can be applied towards the testing of future serious games. Analyzing reaction time can be of benet to game designers, allowing them to improve gameplay and manage the diculty of game environments.

For future work, we plan to test our application with Alzheimer's disease patients to show how our model can actually be used in the service of cognitive rehabilitation; specically, for facilitating pointing tasks and adapting the diculty of a virtual environment.

Figure 1 :

 1 Figure 1: Screen-shots of Le Village aux Oiseaux : top-down view of the castle (a), general map (b), in-game pictures (c, d).

Figure 2 :

 2 Figure 2: Doom: a rst person shooter game

Figure 3 :

 3 Figure 3: A famous rail shooter: Ghost Squad

Figure 4 :

 4 Figure 4: Two levels of diculty based on the camera zoom: average(a) and easy(b).

sion [ 25 ]

 25 [START_REF] Braverman | Cognitive decline of aging: Important neuroendocrinological predictors of early cognitive decline in a clinical setting[END_REF].Many methods have been proposed for analyzing the trajectory curves of users during pointing movement. The velocity prole can characterize the tra-jectory made by the user; Viviani and al.[START_REF] Viviani | Trajectory determines movement dynamics[END_REF] study gesture recognition performance by calculating the tangential velocity of the trajectory made by the user.Hourcade and al.[START_REF] Hourcade | Pointassist: helping four year olds point with ease[END_REF] slow down the velocity of the mouse cursor when the user tries to point at a particular target on the screen. Khalid and al.[START_REF] Khalid | Extraction of dynamic features from hand drawn data for the identication of children with handwriting diculty[END_REF] study the diculties of handwriting and indicate that users who have more than one peak in their velocity prole have perturbation during the execution of hand movement. Renau and al.[START_REF] Renau-Ferrer | Procedural analysis of a sketching activity: principles and applications[END_REF] extract several procedural features (type, orientation, structural relation ... etc.) from trajectory curves to determine and describe the execution phases of a drawing gesture. Wonner and al.[START_REF] Wonner | Speed : Prediction de cibles[END_REF] predict the position of a target using trajectory analysis, by extracting many dynamic features (e.g. velocity, acceleration and distance).

  2. All participants are right-handed, healthy and have normal or corrected-to-normal vision. This experiment was performed on a desktop personal computer (Intel 3 GHz Core 2 Duo, 4GB RAM) running Windows 7 Professional, with an LCD display. The participants' mouse movements were sampled at a frequency of 100Hz. 4.1. Procedures 4.1.1. Static Pointing During a pointing task in a 2D graphical user interface, users can use a

Figure 5 :

 5 Figure 5: The mechanism of dynamic method.

Figure 7 :

 7 Figure 7: Dynamic experiment, mean of reaction time for all subjects

  • we obtained correct values for the RT, because the mean of RT obtained in this o-line analysis is 409 ms and it belongs to the condence interval. When we used a tolerance sector of 35 • , however, we observed that we obtained incorrect values for the RT because the mean of RT obtained in this o-line analysis is 419 ms and it does not belong to the condence interval.The gure[START_REF] Clark | The eects of videogame playing on the response selection processing of elderly adults[END_REF] shows the RT mean obtained from the Dynamic experiment (45 • , 60 • , 90 • , and 120 • ), the RT mean obtained from the o-line analysis (tolerance sector is 40 • ) and the condence interval of RT obtained during the evaluation experiment.

Figure 8 :

 8 Figure 8: The RT mean obtained in the dynamic experiment with the condence interval from the evaluation experiment

Table 1 :

 1 Dynamic experiment: mean, standard deviation of RT in ms, for all subjects

	Mean	402 391 398 348
	Standard Deviation 44	43	41	40

  • , 60 • , 90 • , and 120 • we obtained correct values for the RT.