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Abstract. This paper presents an educational Ambient Intelligent (AmI) 
environment, named AmI Playfield. AmI Playfield is grounded on 
contemporary learning principles to build a natural playground enriched by 
computational vision techniques, which provides the basis for physical 
(kinesthetic) collaborative play and performance measurement. Visual displays, 
mobile controllers and sound facilities support the player strategy, while their 
customizations allow the easy development of a wide variety of learning 
applications. This paper: (i) discusses the design, implementation and 
evaluation of AmI Playfield, (ii) illustrates an educational arithmetic game, 
named Apple Hunt, developed in order to test and validate the AmI playfield 
environment, and (iii) discusses the evaluation of Apple Hunt in terms of both 
methodology and results.  
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1 Introduction 

Today’s research in computer-based education highlights the need for a learner-
centred shift targeted towards harnessing the full potential of learning applications. In 
this context, learning activities are claimed to be more effective when involving the 
learners’ active engagement in groups and intensive interpersonal interaction in real-
world contexts [21]. 

This paper reports the design, development and evaluation of a technological 
framework for learning applications, named AmI Playfield, aimed at creating 
challenging learning conditions through play and entertainment. AmI Playfield is an 
educative Ambient Intelligent (AmI) environment which emphasizes the use of 
kinesthetic and collaborative technology in a natural playful learning context [18] and 
embodies performance measurement techniques.  

In order to test and assess AmI Playfield, the “Apple Hunt” application was 
developed, which engages (young) learners in arithmetic thinking through kinesthetic 
and collaborative play, observed by unobtrusive AmI technology behind the scene. 
“Apple Hunt” has been evaluated according to a combination of methodologies 
suitable for young testers, whereas Children Committees are introduced as a 
promising approach to evaluation with children. The obtained results demonstrate the 
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system’s high potential to generate thinking and fun, deriving from the learners’ full-
body kinesthetic play and team work.  

2 Related Work 

The essence of AmI Playfield constitutes an interdisciplinary concept relating to 
educative AmI environments, interactive floor projects and pervasive gaming. 

Educative AmI environments [7, 12, 13] aim at providing education through real-
world context activities and are characterized by their facility to suit non-skilled 
learners and educators for any type of learning or teaching. While the majority of 
them implements Tangible User Interfaces (TUI) as a vehicle to learning content, 
kinesthetic interaction is considerably static, corresponding mainly to hand-
manipulation of objects. Moreover, existing educational AmI environments do not 
address performance measurement.  

Interactive floors are basically characterized by a high potential of full-body 
kinesthetic activity and present diverging objectives closely connected to fun. A 
variety of game surfaces [5, 10, 11], socializing media [9] and, literally, dance floors 
[8, 15] have been proposed in the literature. AmI Playfield would rather compare to 
the first category, although it does not build on top of any specialized electrical 
surface, in contrast to most related projects, which impose an immediate contact 
between users and the sensing technology.  

Pervasive gaming is a remarkable paradigm of enhancing traditional games with 
technology. Well-known examples, such as [2, 20], utilize GPS-based location 
awareness and PDAs to recreate traditional outdoor game experiences. Head-Up 
Games [23], evolved through simple technology to bypass the inaccuracy of GPS 
technology. Their adaptable rules, however, appeal mainly to entertaining 
applications. Also, Interactive Slide [22] is an indoor pervasive game framework that 
embodies infrared artificial vision for location awareness.  

AmI Playfield, presented in this paper, combines location awareness with 
multimodality to promote entertainment and learning, enhancing physical play. AmI 
Playfield constitutes an interaction space, where the user has minimal immediate 
contact with technology. Offering a variety of modalities above the floor level, the 
system also supports more flexible forms of interaction. In addition, providing a 
customizable infrastructure for learning applications, it is suitable for a wide variety 
of educational subjects and concepts, determined by the content design of each 
application. Also, AmI Playfield introduces a performance measurement system, 
using an extendable metric set (see subsection 3.3).  

3 AmI Playfield 

AmI Playfield addresses the main objective of providing technological support in an 
Ambient Intelligent environment appropriate for accommodating and encouraging 
learning processes based on playful learning and learning by participation [21].  

For this purpose, AmI Playfield embodies  a multi-user tracking vision system 
developed by the Computational Vision and Robotics Laboratory of ICS-FORTH [25, 
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26] that observes activities unobtrusively and provides the basis for natural 
(kinesthetic) and collaborative interaction. AmI Playfield applications provide the 
content of learning and determine the logic of interaction. Such user experiences, in 
which the learner’s whole sensory system participates, are believed to foster learning 
more effectively [3], as opposed to the sedentary play style of typical computer 
games. 

3.1 Hardware Setup 

The system is installed in a 6 x 6 x 2.5 m3 room, in which a 4.88 x 1.83 m2 dual back-
projection display is located at the wall opposite to its entrance. The display is 
implemented by two bright (3000lm) 1024 x 768 short-throw projectors and a 
projection screen. This setup helps create a large unified display capable of 
illustrating game activity in multiple views. 
 

 

 

Fig. 1. (a) AmI Playfield’s Hardware setup, (b) Mobile phone controllers serve as command 
input devices 

The vision system makes use of 8 Dragonfly2 Point Gray ceiling-mounted 
cameras, which obtain synchronized images. The cameras achieve a high frame rate 
(> 10 Hz) and a 4 cm localization accuracy. Taking advantage of the multiple viewing 
angles, the vision system offers non-invasive multi-user tracking, as no additional 
garment or devices need to be carried or worn. Although providing less tracking 
accuracy, computational vision was preferred to floor-sensor technology for the wide 
breadth of its applications (localization, shape and gesture recognition, etc.) and the 
potential they can bring to learning. 

3.2 Framework Design 

The playfield consists of a 4 x 4 m2 carpet, shaped as a grid of game positions by 
several equally-distanced plastic stripes, firmed with clips. This setup was chosen for  
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safety and reusability reasons. Depending on the learning scenario, marks are 
assigned (both physically and digitally) to each game position that may vary from 
arithmetic or alphabetic to custom. In particular, arithmetic games use numbers, 
whereas alphabetic games use characters as identifiers. Extra flexibility is offered by 
the custom game type that allows any combination among symbols, numbers and 
characters. In order to mark positions physically, a set of typical stickers can be used 
(Fig. 3). 

In its current settlement the playfield spreads around an amount of adjacent 
positions, which obviously limits the game design. However, this settlement was 
chosen so as to accommodate alphabetic and numeric games, where the marks’ 
traceability plays a key role. Further research is needed for free-form games. The 
framework is capable of visually generating any kind of grid styles, enabling 
applications to use an empty, sequenced or randomly-marked playfield, according to 
their game type. The respective floor design has to be applied each time. Within the 
playfield, players’ moves are translated into mark choices by the system, which are 
further manipulated by application logic. In an alphabetic scenario, for example, a 
player’s move to position “D” could denote the player constructing a word containing 
the specified letter. Depending on the application design, input from different player 
moves can be combined in various ways to yield collaborative results. 

Furthermore, the system optionally generates targets and/or obstacles, aimed at 
enriching the game strategy and defining levels of complexity. Any small objects 
(dummies) can be used for their physical representation, as their presence does not 
interfere with the operation of the cameras (Fig. 3). Depending on the game 
application scenario, rival-players may also be considered as targets or obstacles.  

Projected in parallel on the dual back-projection display, various graphical user 
interfaces convey the image of the game’s virtual world. The GUIs are designed to 
dynamically depict game action from different aspects, in order to aid in the players’ 
decisions and activity. The left view is focused on personalized information, whereas 
the right view depicts mainly the playfield activity.  

Mobile controller interfaces are optionally used for profile creation and command 
submission during play. Input, in the form of arithmetic operations, characters or/and 
symbols, can be combined in each application’s logic with the positioning input to 
generate specific results. Various mobile controller UIs were implemented as 
ASP.Net web pages (Fig. 1b). Playing using one’s own phone, instead of using a 
special handheld controller, was believed to be both intuitively accepted and 
attractive, which was justified by the project’s evaluation (Fig. 5 – Questions 7, 8). 

Speech synthesis is used to enrich acoustic interaction in a natural way, via the MS 
Speech API 5.3. Sound effects are offered to cover routine (repetitive) messages, 
whereas background music is also available, in order to promote a feeling of joy and 
vigilance.  

AmI Playfield modalities are orchestrated via the FAMINE middleware 
infrastructure [4]. The middleware plays a key role in the framework flexibility and 
extensibility, allowing for the platform-independent and distributed implementation of 
its components. Thanks to the middleware server-client architecture, learning 
applications (as clients) are enabled to easily extend the established user interfaces 
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(UIs). In particular, applications are enabled to customize the framework and apply 
their add-ons (e.g. extra performance metrics) through a structured XML-based 
mechanism. 

Overall, the framework logic was entirely developed in .Net (mainly C#), in 
conjunction with XML for its configuration facilities. .Net provides an efficient 2D 
GUI-designer and good interoperability with the MS ExcelTM sdk and MySQL 
databases, used for performance reporting purpose, and data storage respectively. 

3.3 Performance Measurement 

AmI Playfield innovates in supporting performance measurement in a kinesthetic 
educational context. Using a MySQL database the system stores all player actions 
(moves, mistakes, wrong input, successful choices, etc.) for further processing. 
 

 
 

Fig. 2. (a) An instance of Fun Statistics, (b) An extract of a Performance Report that summarizes 
each player’s activity in terms of total moves, target hits, wrong actions, command usage, 
response times, etc. 

The results are presented to the players at the end of a game as “fun statistics”, which 
summarize the game activity in the form of awards or improvement prompts. Fig. 2a 
describes the default metrics defined by the framework. 

In addition, an analysis of the players’ performance is output in Excel reports at the 
end of every game (Fig. 2b). The default performance measurement scheme described 
above can also be extended by additional application-level statistics. 

4 Apple Hunt 

AmI Playfield applications provide the content of learning and set the logic of play 
interaction. Influenced by the research on playful learning applications described in 
[16, 27], AmI Playfield applications are targeted to: i) fun; ii) challenge; iii) 
engagement; and iv) learnability. 
 

b a 



 Learning by Playing in an Ambient Intelligent Playfield 491 

Apple Hunt is an educational application that was developed in order to assess the 
degree to which AmI Playfield facilitates the development of kinesthetic educational 
games, and investigate whether educational games integrated within this environment 
can have a positive influence on learning. Apple Hunt addresses fundamental 
arithmetic operations, taking advantage of the framework’s provisions for playful and 
collaborative learning, and is oriented towards elementary school children. A 
prototype of Apple Hunt has been implemented and is up and running in a laboratory 
space of ICS-FORTH. 

4.1 Overview and Features 

The game’s overall idea is based on the capability of the playfield to bear number-
marks as position identifiers. It is situated on a sequenced arithmetic grid of 10x10 
positions, covering a range of numbers from 1 to 100. 

Apple Hunt defines various targets and obstacles, naturally represented by apple 
and trap dummies, which are randomly placed on the playfield, according to the 
system’s output. The objective of the game is to pick as many apples as possible by 
the end of the game, avoiding the traps.  By customizing the infrastructure of AmI 
Playfield, the game features: 

• A four-player capacity; 
• A variety of difficulty levels related to the ratio of traps (obstacles) to apples 

(targets); 
• The entire range of user interfaces. In addition, the game restricts the arithmetic 

controller from allowing decimal numbers or numbers higher than 9; 
• Arithmetic-type performance reports, extended by the “Math Genie award” 

(gained by each player who achieves to use all four mathematical operations 
flawlessly).  

4.2 Game Play 

To log in the game, each player is provided with a mobile controller, which prompts 
for profile creation or the use of an existing one. Upon log-in, the system responds 
with the generation of random player, target and obstacle positions,  and the 
controller interface displays a Calculator pad (Fig. 1b), enabling the user to submit 
commands in the form of arithmetic operations. The players then have to prepare the 
playfield by placing apple and trap dummies on the system-generated positions and 
occupy their own starting positions. Action begins. 

The players compete by quickly gathering the apples available on floor, while 
calculating simple arithmetic operations required for moving from one place to 
another (Fig. 3). Running, yelling, jumping or even “cheating” with the help of the 
attendants are all part of the game, while traps impede in the players’ efforts. 
Moreover, targeting out of bounds (lower than position ‘1’ or higher than ‘100’) 
signals the end of the game for the respective player. Each apple hit adds 10 points, 
whereas trap hits cost 5 points to the personal / team score. The game ends when all  
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Fig. 3. The Apple Hunt game: The players compete in quick gathering the apples on floor, 
while executing simple arithmetic operations with the mobile controller (in order to target their 
following positions) 

 

apples are picked, which normally lasts from 5 to 15 minutes, depending on its 
difficulty level. 

To move around the playfield, each player must first target a desired position using 
the mobile controller, while no turn-restrictions apply. For this purpose, they have to 
input an arithmetic operation that begins with the number of their current position and 
results in their target one. For example, standing on position “5” and targeting “25” 
would require a “multiply by 5” command. Upon submit, they are allowed to move 
towards the targeted position. 

Strategic play not only induces careful choice of target positions, but also leads to 
analytic thinking of the optimal arithmetic operation that will minimize the actions 
(commands and moves) required to reach the apples. Apart from the presence of apple 
and trap dummies on the game floor, strategic play is also accommodated by the 
visual display, which provides a dynamic sky-view of the game. In the end, the 
winner (or winning team) is judged by the highest score (or score sum), as a result of 
the best balance between apple and trap hits. The “fun statistics” (described under 
subsection 3.3), presented in the end of each game, are designed to reward intelligent 
play. 

5 Evaluation 

Games, in contrast to productivity applications, are designed to entertain. Pagulayan 
et al. [14] stress the importance of considering the differences between games and 
productivity applications in evaluation design, indicating that typical usability 
evaluation does not apply to games. The reason is that the emphasis in playful 
activities does not necessarily lie in efficiency, but rather in pleasure and fun. The 
evaluation of Apple Hunt addresses this issue, by entailing a variety of children-
oriented evaluation methodologies and theories (Table 2), while introducing Children 
Committees, a sort of evaluators committee constituted at the end of a game series. 
Moreover, the evaluation was aimed at measuring the objectives set for AmI Playfield 
applications along with the system’s performance according to the seven types of 
problems in games [1], as per the Table 1.  
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  Table 1. The evaluation parameters Table 2. An overview of the evaluation phases 

Apple Hunt 
objectives 

Types of problems 
in games [14] 

 
Phase Methodology Duration 

Fun 

Challenge 

Engagement 

Learnability 

Collaboration 

Kinesthetic activity 

 

 

Usability problems 

on the cognitive level

Usability problems 

on the physical level

Inefficiencies 

Challenge problems 

Fantasy problems 

Curiosity problems 

Control problems 

 
1. Familiariza-

tion (Practice) 

Think aloud & 

active  

intervention [27] 

30 min 

2. Free game Observation [6] 60 min 

3. Evaluators’ 

committee 

Children 

Committees  & 

laddering [19] 
30 min 

 

The evaluation of the Apple Hunt game so far has involved 9 children in total. All 
children had a considerable experience with computers and technological gadgets, 
whereas most of them had been playing computer games since long. Their age varied 
from 7 to 11 years old, while 6 out of the 9 participants were 6th-grade elementary 
school students (according to the Greek educational system).  

During the first phase (practice), the children practiced in teams of two persons 
playing in turns, with only one team participating at a time. This arrangement helped 
the participants engage in discussions, which seemed to overweigh the drawbacks of 
the Think Aloud method. The main interest in this phase was to realize possible 
misconceptions or difficulties caused by the system’s features.  

In the second phase (free play), the game was played by two teams, but this time 
only one member per team was supposed to act within the playfield, while the others 
stayed aside to provide support, holding a pencil and a notepad, useful for calculating 
complex arithmetic operations. Therefore, during the test two rival players were 
acting in the playfield simoultaneously. This phase was devoted to free game, since 
by this point the players had already been trained into the AmI Playfield and the rules 
of the Apple Hunt game. This phase was assessed by observation, as the most 
appropriate practice in understanding the children’s feelings, according to Hana et al. 
[6]. This method proved valuable in figuring “what was fun” or “what was boring” 
(impacts in challenge and engagement), etc. The performance reports (Fig. 2b) 
produced by the system were used to extract information about regular problems 
(mistakes) during subsequent games. Controller logs were also analyzed to assess the 
controller’s interface usability. 

The third phase, influenced by the Smileyometer [17] and the Problem 
Identification Picture Cards [1], involved the composition of a young-evaluators’  
committee. For this purpose, each child was provided with a set of picture-cards (Fig. 
4), illustrating an 1-5 likert-like scale. The children were placed in hemicycle fashion  
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facing a facilitator, who addressed a series of questions to them (Fig. 5). They were 
asked to answer each question by raising the appropriate card simoultaneously, while 
he performed laddering [19] whenever judged necessary, in order to extract as much 
of the committee’s comments. 

 

 

Fig. 4. The picture cards designed for the children committee in ascending order 

The children committee approach differs considerably from the Problem 
Identification Picture Cards methodology [1] in two main points. First, the cards used 
in this study reflect a Likert-like score scale, in contrast to the eight specific emotional 
conditions of Barendregt et al. Secondly, children committees are post-test oriented, 
whereas the Picture Cards methodology is utilized during the test. It is unclear if the 
latter can be efficient in fast-paced games, where testers’ reflexes are important. 

Compared to the Smileyometer method [17], children committees address one key 
difference. Children hold immediate contact with a single researcher, who practices 
laddering upon their ratings. This process is more likely to lead to detailed 
observations and open discussions of all directions than the children just ticking the 
smiley faces. 

 
 

 
 

Fig. 5. Average committee score per question in parallel to the corresponding evaluation 
parameter. The findings here consist only a part of the final assessment of each evaluation 
parameter 

5.1 Findings  

The findings reported in this Section have turned up through a compilation of all 
phases’ results. 

1.00 2.00 3.00 4.00 5.00

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Challenge & Fun 
Kinesthetic activity &  Fun

 
Challenge problems &  

Inefficiencies 

 
Control problems 

 
Curiosity problems 

 
Learnability 
 
Usability problems at  
the cognitive level & 
Learnability 
 
Usability problems at  
the physical level & 
Learnability 

Min: 3   Max: 5   Std: 0.60   1. Did you like the game?  
Min: 5   Max: 5   Std: 0.00   2. Did you enjoy moving around, instead of sitting, during play? 
Min: 3   Max: 5   Std: 0.93   3. Was it easy for you to calculate the arithmetic operations? 
Min: 3   Max: 5   Std: 0.71   4. Was it easy for you to move around the playfield? 
Min: 3   Max: 5   Std: 0.78   5. Was it easy for you to locate the targets? 
Min: 3   Max: 1* Std: 0.71   6. Did you feel bored?      (*inverse concept) 
Min: 4   Max: 5   Std: 0.44   7. Did you like the mobile phone? 
Min: 3   Max: 5   Std: 0.71   8. Was it easy for you to use the mobile phone, in order to target your positions? 
Min: 3   Max: 5   Std: 0.73   9. Did you enjoy the visual display? 
Min: 1   Max: 5   Std: 1.41 10. Did you enjoy the music? 
Min: 1   Max: 5   Std: 1.36 11. Did you enjoy the sound effects? 
Min: 3   Max: 5   Std: 0.93 12. Was it easy to follow up the visual display? 
Min: 3   Max: 5   Std: 0.87 13. Was it easy to know when you should move to a new position? 
Min: 3   Max: 5   Std: 0.73 14. Was it easy to understand where you should or should not target? 
Min: 1   Max: 5   Std: 1.58 15. Was it easy to decide which arithmetic operation you should use? 
Min: 3   Max: 5   Std: 0.71 16. Was it easy for you to find the right position on the playfield after a command? 
Min: 4   Max: 5   Std: 0.44 17. Was it easy for you to stand within the positions’ boundaries? 

 Average Score Questions Evaluation Parameters 
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Fun. Fun assessment based on observation, as according to [6], observing children’s 
expressions has more to offer than expecting reliable responses from oral 
communication. The main findings relating to this parameter include expressions of 
joy and laughter, enhanced by all participants’ spontaneous will to continue playing at 
the end of the sessions. Negative expressions or boredom were not observed. 

Challenge. The participants appeared highly willing to play again and again, and half 
of them expressed their content for experiencing jointly “movement, thinking and 
team work during play”. Moreover, some participants of different age appeared 
unevenly challenged, while their cognition level played a significant role on their 
perception of game complexity. This fact indicates that complexity scaling was not 
adequate to accommodate their age and cognition level range. 

Engagement. Considering Whitton’s theory on games evaluation [24], engagement is 
closely related to challenge and the perceived value of play, which, in this case, relate 
to the player’s age and cognition level. Hence, the younger were the children the 
lower was their perceived value of play. Conversely, the older they were the simpler 
they conceived the game. The fact that all participants were eager to contribute to the 
evaluation discussions, even by repeating foresaid suggestions, indicates an overall 
high level of engagement. 

Learnability. Independently of the age and cognition variables, learning the game did 
not pose difficulties to the participants. Performance reports showed that wrong 
actions were minimal, whereas the game’s rules were easily understood during the 
practice phase. The children’s age and cognition level was positively correlated with 
their understanding of the playfield’s arrangement and their orientation within it. In 
addition, 3 out of the 9 participants reported confusion deriving from the graphical 
interactivity of the display’s and the controller’s interfaces. 

Kinesthetic Activity. The children appeared considerably active during the free-game 
phase of the evaluation. As a fraction of time, their activity was manifested as 
follows: Concentration & thinking (20%), oral collaboration (40%), body-turns 
(10%), walking or running towards new positions (25%) and jumping (5%). Apple 
Hunt proved to encourage a natural flow of body motion, which may not be constant - 
as players need to stand while calculating -, but is definitely intense while manifested. 
From the participant’s aspect this kind of kinetic play was unanimously preferred to 
the typical sedentary style of play promoted by most computer games (Fig. 5 – 
Question 2).  

Collaboration.  Intense team work was demonstrated during all the games played, 
which has been a critical factor of the players’ immersion. It is believed that 
collaboration under a common goal worked as “ice-breaker” among them and also 
aided in that none of the young evaluators was stressed due to the presence of 
previously-unknown persons, thus unleashing fun. Even if collaboration was planned 
to be evaluated solely by observing the children’s activities, the first group 
spontaneously mentioned their pleasure for “the game’s team-spirit”.  

Thinking and Learning. Observing the gameplay showed that the players sensed the 
more they mastered their thoughts the faster they would move. Thinking was 
supported by the presence of partners around the playfield, which helped players 
focus on their team work rather than on the rival’s performance. Even if thinking is 



496 H. Papagiannakis et al. 

undoubtedly a prerequisite for learning, the evaluation of learning quality requires 
further testing in the long run, involving a stable sample of participants. The  
performance metrics set provided by AmI Playfield shall be used as a reference point 
towards this achievement. 

5.2 Potential Improvements of Apple Hunt 

The challenge variance, discussed above, indicates that Apple Hunt’s difficulty levels 
and play modes could be redesigned, in order to enhance the established complexity, 
which mainly depends on the ratio of traps (obstacles) to apples (targets).  

Furthermore, interactivity appeared to require some improvements according to the 
evaluation outcomes. Some interesting suggestions made by the young evaluators are 
summarized to: i) Higher independence from the information held by the visual 
display should be given to the players and ii) In-place jumping could be considered as 
an alternative interaction pattern for registering one’s position during game. 

Understanding the playfield’s numbers arrangement played a key role in the 
participants’ successful play. While no clear conclusion was drawn about the ideal 
arrangement, several opinions were expressed and will be carefully evaluated. 

6 Conclusions 

This paper has reported the development and evaluation of a technological framework 
for learning applications, named AmI Playfield, which constitutes an educative 
Ambient Intelligent (AmI) environment aimed at creating challenging learning 
conditions through play and entertainment. 

With respect to previous efforts, AmI Playfield emphasizes kinesthetic and 
collaborative technology in natural playful learning, while embodying an innovative 
performance measurement system. Providing an appropriate framework for 
developing learning applications with extended customization facilities, the system 
supports a wide breadth of educational subjects and concepts. 

Addressing the objective of uncovering the system’s potential to encourage 
kinesthetic and collaborative play, the prototype “Apple Hunt” game was developed. 
“Apple Hunt” is an educational game designed for elementary school children, which 
aims at exercising players in fundamental arithmetic operations. The evaluation of 
Apple Hunt intended to assess the effectiveness of the system’s technological features 
that encourage and contribute to learning. Furthermore, children committees, a fresh 
approach to evaluation with children, were introduced. The application of this 
methodology is believed to bring an interesting potential in the context of Ambient 
Intelligent Environments and educational games, as demonstrated by the children’s 
forward discussions and high engagement during the conducted process. 

According to the evaluation results, Apple Hunt, and consequently AmI Playfield, 
prove to satisfy their purpose to a large extent. Their value lies in that they 
successfully promote kinesthetic activity, collaborative work and thinking in an 
entertaining multimodal environment. On the other hand, potential improvements of 
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their current implementation are related to the lack of complexity scaling and to 
interactivity issues.  

In conclusion, the work presented in this paper constitutes an encouraging step 
towards the adoption of entertaining educative practices for young learners that not 
simply foster their cognitive evolvement, but also benefit their emotional, social and 
physical development. 
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