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Abstract. In the context of this dissertation, issues relatedesign and devel-
opment of educational games that support the tegafiprogramming are stu-
died. Specifically, the dissertation is placed e tontext of supporting the
learning process by utilizing the Web and especiaéb based, Adaptive Edu-
cational Games. A Web based Adaptive and Multipldyducational Game
TALENT (Teaching AlLgorithms EnvironmeNT) was deseghand imple-

mented, which motivates and supports studentsamileg programming.
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1 Introduction

Much of the existing research, in the computingcation literature at least, focuses
on new and interesting ways to teach programmihgdfie way is to focus on game
based learning, which can be defined as the usecofmputer game based approach
to deliver, support, and enhance teaching, learrasgessment and evaluation [2].
Computer games are well suited to use within arcaihnal environment because
they build on theories of motivation, constructimissituated learning, cognitive ap-
prenticeship, problem-based learning and learnindding [3]. Furthermore, educa-
tional computer games improve intrinsic motivatitmough challenge, curiosity,
control and fantasy [4].

On the other hand educators have to get more iatteon the fact that today high
school students have been brought up in a techicalbgrich environment. They
belong to the generation called “digital natives”“oet generation” [5]. These stu-
dents were "born digital" and they have been hganfluenced by the latest highly
interactive and individual technologies such asd#g&dPhones, iPads, Wi, Xbox,
Playstation game consoles, as well as Wi-Fi Inteaiceess and graphic rich multip-
layer Internet gaming. In addition, as result & thternet, students learn much more
collaboratively today than in previous generatiofisus, there is an important need
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for educators to embrace and adopt approacheadcbiigy and learning that are better
suited to the learning styles that the younger gdium of learners now adopt and
provide a more stimulating and engaging learningrenment.

According to [6], the most common method of intradg students to programming
is the gradual presentation of programming strestfior a general purpose computer
language and also, the presentation of increasffigutty problems, based on these
structures. This approach is inadequate for stsdexst it provides them a series of
obstacles [7]. This is augmented by the fact thadents today seem to be motivated
by graphically rich learning environments that hawdtimedia characteristics [8].

An alternative and more effective approach fordadtrcing students to programming
is to provide them with mini environments, basedroro worlds and mini languag-
es [1], [9]. According to this approach, studerdarh to program by instructing a
virtual entity (e.g. turtle, robot) in a virtual and world. This virtual entity can be
controlled by a small set of instructions and basagramming structures like. condi-
tions and loops. There are several examples of gamag provide interaction through
a mini environment and a mini language like Robec(®D00), Gun Tactyx (2004),
Ceebot (2005), Robomind (2005), Sheep (2006), Redu2007), LightBot (2008)
and Marvin's Arena. The main issues of these edlutalt games are the type and the
story of the game, the programming language theyaing, the method of program-
ming, the capabilities of the execution of the pang, the ability to support many
users at the same time that are able to communigtiteeach other and the exploita-
tion of the web technologies.

In addition, all the above games they do not take account the student model
which provides an additional resource of the leggrprocess that is believed to en-
hance the learning [10], [11]. The student mode igpresentation of understanding,
difficulties and misconceptions of the student [&RRbling the system to adapt to
student needs and current learning requirements [13

In the context of supporting programming educattos design of a web based mul-
tiplayer adaptive educational game is proposedrmed to as TALENT (Teaching
ALgorithms EnvironmeNT) [14], [15], [16], [17], whh (i) is based on a story-
context and the activities are grouped accordinigdomning goals, (ii) uses specially
designed mini language that supports all prograrmgretructures: sequence, selection
and repetition, (iii) utilizes visual programmingchniques to create programs with no
limitation on the number of program’s instructioffis) allows the programming of
variables corresponding to the properties of objeécnsforming the virtual world
from static to dynamic, (v) allows a step by stgpaaition of program’s instructions,
(vi) creates and utilizes the model of student joliag adaptation, (vii) exploits the
potential of the internet, does not require anyaittetion, supports the simultaneous
presence and interaction of many users and thehsynous communication between
them as well and (vii) includes the design of athating tool.



2 The TALENT Environment

TALENT is designed as an adventure multiplayer weabed educational game for
teaching programming. Adventure games offer powesfiportunities for learning
and development of problem-solving abilities [18flventure games are also suitable
for science concepts that may be hard to visualizeanipulate with concrete mate-
rials [19] and programming is a kind of such a @picln addition, adventure games,
which are consisted of tasks, provide a clear gsgijon overall in the game [20].

2.1 Programming in the game

In the educational game TALENT, when a studeninigaged in a programming ac-
tivity, they have to use the mini language to instra robot vehicle to do the neces-
sary actions in order to succeed in mission imti@oworld. More complex missions
require more complicated programming. For this oeathe student in TALENT is
able to construct more advanced programs by usingrgmming structures (e.g.
selection, repetition). The student is able to toies the programs in the environment
with the support of a prototype online programmiog! (fig. 1) which combines a
program editor and an interpreter running on thé.wehe online program editor
permits students to drag instructions, represebtedbuttons, from the instruction
toolbox and drop them on programming area. Theesti&l program is formed by this
drag and drop of several instructions and programgretructures.
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Fig. 1. The programming tool of the Game



When the program is ready, the student can go tmexiecution using the embedded
interpreter. On program execution, the environmmeaintains both the micro world
and the student’s program, visible on the screde. grogram executes one instruc-
tion at a time, while the interpreter highlightogramming constructs in the source
code as they are being executed and the effeanidtaneously shown in the micro
world. This makes the connection between a minguage instruction or construct
and its effect on the micro world obvious. The pemgming tool has no limitation
about the number of the instructions, a drawbacdkdan other games.

2.2 Student Modeling and Adaptation

The first step to create an adaptive educatioraegenvironment is to create several
different activities, indicate for each the leamioals involved and then group these
activities into activities groups [21]. Activity ithe basic unit of the game structure
and indicates a programming task to be performetlowing this methodology we
divided the whole game world into three tiers MBface and Mission. The Map tier
is the general map of the game world that is pteseto the student when the game
starts and outlines the places that a student iséin & Place is the part of the game
which outlines the missions that are proposed ¢osthdent. Finally, Mission corres-
ponds to a programming activity presented to thdesit. Each programming activity
has its own learning goals. There exist many legrigioals concerning programming
concepts like the use of variables, selection apetition. Finally, a set of program-
ming activities with the same learning goal is gredi together forming the Activity
Groups. The number of the different activity groipsequal to the number of the
different learning goals.

The first time the student enters the game, heidhasgister. During registration the
student gives his own personal characteristics, (@geder etc,), chooses a nickname,
which must be unique, and builds the presence ofolin avatar so to be distin-
guished by the other students. These data recoedsased in the game database and
are associated with the student model.

The TALENT game gathers information about learnerdvigation, the use of
tools, the progress in programming activities amel achievement of learning goals.
In addition, data that concerns the sequence oépland programming activity selec-
tion, the total time spent on a place or a progrargnactivity, the total number of
times that the student asked for help in a programgractivity, the visits to a pro-
gramming activity or a place, the number of timesdommunicated with the other
students in the game and the progress on learmalg gre saved in a separate data-
base record according to student’s nickname. Tistesy uses all of these data
records to build the student model and to adamtodents abilities with curriculum
sequencing and navigation support. This meanssifsé¢m proposes the next mission
to the student and also helps the student to ni@vigathis mission. Student model is
visible by the student providing student with powser his learning [22]. Further-
more, one can compare the information in his medéh that produced with the



mean data of all the other students that is artedotivate student to try to succeed
more in the activities [23].

3 The Empirical studies

For the evaluation of the Educational Game TALEMWo empirical studies were
carried out, the first with university students a@he second with high school students.
In the following subsections we are going to présiea procedures and the results of
the two studies.

3.1 The 1* empirical study - Use of TALENT by University Students

The first empirical study was conducted during lisson “Informatics and Educa-
tion” of the Informatics and Telecommunications Bement of the University of
Athens. The participants of the research weref@@ year graduate university stu-
dents of the lesson. The students were alreadihtaagcepts related to ICT in Edu-
cation, educational software, educational gamescatibnal programs, simulations,
programming languages, educational resources owete educational case studies,
distance learning, the role of the teacher andueti@in of educational environments.

The evaluation of TALENT was given as one of thétem exercises of the lesson.
Students were asked to use the programming envéohof the game and then to
rate the system’s usability, to write down advaetagnd disadvantages, and finally to
propose didactic scenarios to be embedded in thee gBor the rating of the system
usability the Computer System Usability QuestiormdCSUQ) [24] was used. The
guestionnaire includes 19 questions about systethilitg in a 7-point Likert scale
[25] (7=strongly agree, 1=strongly disagree).

Furthermore, in order to collect the students’ apis, comments and suggestions
about the operation of system components a secaestignnaire with open type
questions was used. Indicative questions of thengbquestionnaire were “what do
you think about the usefulness of TALENT in the qass of teaching elementary
programming concepts”, “summarize the advantagdsdisadvantages of the use of
TALENT”, and “what was your experience from the igasof didactical scenarios
with TALENT’s mini language”.

The research lasted about a month and the proceduhe research consisted of
the following three phases:

Phase 1: Prior the evaluation, the students paatied in a four hour class lesson.
The lesson was divided in one hour lecture ancethrurs in the computer laborato-
ry. During the one hour lecture several subjectsutleducational computer games,
design issues and results from game based learaesegrch was discussed. During
the three hour lesson in computer laboratory séyenaadigms of educational com-
puter games especially for computer programmingewmesented, as well as the
syntax and the educational tool of the mini languafjthe TALENT.

Phase 2: After the four hours lesson the univessitgents had to deal with an ex-
ercise which was the use of the game mini langiragéeven didactic scenarios about



the three programming structures, sequence, saeatepetition. Specifically, stu-
dents had to program some activities using the lairguage tool of the game.

Phase 3: After the use of the programming toochefgame, students had to answer
the two questionnaires, the Computer System Usgal§uestionnaire and the ques-
tionnaire with open type questions about the acged and disadvantages of the
system as an educational tool. Finally they haatépose a programming activity that
could be embedded in the game.

3.2 The 2 Empirical study - Use of TALENT in Classroom setthgs

The second empirical research was conducted isuheeulum of the lesson “Infor-
matics Applications” in a high school of Athensgéce. Overall, 65 students (n=65),
33 females and 32 males participated in the relse&tadents were at the age of 15-
16 and were already familiar with programming, lasytwere taught programming
languages from the junior high school. The reseamb carried out in the computer
laboratory of the high school and the durationhaf tesearch was 8 weeks. At the
beginning, all the students participated in a pst-tAfter the pre-test, students were
randomly assigned to one of two groups, the corgroup and the experimental
group. There was no significant difference foundhee t-test performed between the
two groups according to the pre-test performare® 255, df=63, 2-tailed p=0.799).

The concept of “if-then-else” and “while loops” imformatics teaching was used
as the experimental content. At the end, all thdestts participated in a post test. The
procedure of the 8 weeks research consisted dblloging five phases:

Phase 1: Introduction to TALENT game environmeritdfid 2° week) — lasted 4
hours. During the first phase the components ofjitee was presented to students (2
hours) and all the students were engaged in pragnagtasks about the concept of
variables (2 hours).

Phase 2: All the students completed the Computsie8yUsability Questionnaire
(CSUQ), like the university students, about theesysusability (3' week) — lasted 1
hour.

Phase 3: Pre-test'{3veek) - lasted 1 hour. All the students took the-test con-
sisted of questions and exercises about “if-thea“and “while loops”.

Phase 4: Working in groups"#"-6"-7" week) - lasted 8 hours. Experimental
group studied the concepts of research using ¢rdyTALENT environment. The
students used the game and mini language tooleoféime to program the game ac-
tivities. An example of such a programming activiity the concept of selection con-
trol structure is shown in figure 3. The role oftteacher was limited on the support
of system operations, when needed. On the othet, lae control group participated
in a traditional lesson where the teacher carrigdextures about the main concepts
of the research. During the traditional lesson,tdezher made questions in order to
address the prior knowledge, explained the concepiswered queries and solved
exercises.

Phase 5: Post-test'{8veek) - lasted 1 hour. All the students from tkpezimental
and control group participated to a final writtestt



The research tools were the questionnaire, thélexcreated by the students’ ac-
tions in the game and finally the two tests, pst-tnd post-test. The questionnaire
was based on Computer System Usability Questioarf@8UQ) extended with three
open questions in order to extract students’ opmi@bout the advantages and disad-
vantages of the system. The log files used in ¢élsearch were automatically created
by the environment from students’ actions. Datahia log files consists of a) the
username of the student in the game, b) the stgdaation (e.g. entering in pro-
gramming activity, clicking on the help button, delg message), c) the precise time
(date and time) the action was done. Data in thefiles are used by the system to
construct the student model at runtime.

Finally, the first written test (pre-test) was cated of two programming activities
about the research concepts. The goal of the pteaas to extract students’ prior
knowledge. The second written test (post-test) seased out with the completion of
the research. It was consisted of five closed typestions to control further know-
ledge of the concepts and two programming actiitiEne programming activities
were the same as in the first written test.

4 Results

4.1 Results from the 1st Empirical study

The results of the 1st study, according to theescbthe questionnaires and the stu-
dents’ answers, can be divided in three categosigstem usability, the usage of the
system as an educational tool for teaching progriagu@ind the capability of design-

ing and embedding new programming activities. Té®ilts for these categories were:

e The usability of the system According to the score of Computer System Usiybili
Questionnaire, the rating of the system usabibtyhigh. The final mean of the
score in each question and for all the system compis is 5.18 for a maximum of
7 (SD 1.2). Making the reduction in [0, 100] scilerises a total score of 74/100
for the whole system usability. In spite of thehigtal scoring, there were two
guestions with a low score. These questions wheestmpn 9 that “system gives
error messages that clearly tell me how to fix ols” where mean score was
3.78 (SD 1.8) and question 11: “the informationcfsas online help, on-screen
messages, and other documentation) provided witemsyis clear” where mean
score was 4.08 (SD 1.69). The low rating in thege questions shows that stu-
dents need more guidance and better advises frenertironment. In order to
support these needs some improvements were maadinie help and a system tu-
torial about the use and the capabilities of thaifieinguage programming tool
was developed.

e The usage of the system as an educational toélccording to the university stu-
dents’ answers the system is pleasant, is attrathie interest, increases motiva-
tion, has a nice interface, is characterized bypBaity, functionality and ease of
learning. Furthermore, one of its major advantagésat is web based and it is not
depended on particular architecture or installationdicative students’ comments



were: “Very amusing and satisfying”, “interestingfigities with high level of crea-
tivity that it will attract curiosity and interesf students”, “Simplicity, ease of un-
derstanding and learning”, “with fantasy and deswa can make nice exercises
for children”, “very nice interface, drag and drbmstructions is very useful”, “it
is very positive that works in web browser”, “itimportant that it does not need
installation but only an internet connection, thiatplify things”.
As a tool for supporting the teaching of programgnthe answers of university
students in the research stated that it is very &mssomeone to learn program-
ming with the mini language, drag and drop of indfions makes programming
easier, it eliminates syntax errors and is veryulder novice programmers. Indic-
ative students’ comments were: “system simple @pshand encourage students
to learn programming through gaming”, “very clewdea that differs from today
traditional and boring method of teaching prograngti “an innovative method to
introduce children in programming”, “drag and dispa very intuitive method of
inserting instructions and making a program elimingasyntax errors”, “tracing of
the program in addition to execution visualizati@ips student to learn program-
ming easier”.

¢ Designing and embedding new programming activitiesn their work students
designed several didactic scenarios that needsbefuprogramming with system
mini-language tool. Students designed prototypadid scenarios that could be
embedded in the knowledge base of the system.éAetiul they wrote down their
thoughts and proposals about this task. Accordingfudents’ answers the design
was very pleasant and developed their fantasyuictsdtns of mini language are
sufficient for designing new didactic scenarios @ngposed an authoring tool that
could help in embodiment of the new activitiestie game. Sample students’ an-
swers were: “Scenarios design was very pleasangsl feeling like designing a
game”, “| was impressed! The design of didactimse®s improved my fantasy
limit”, “mini language has all the instructions ¢eded to design the scenario”, “an
authoring tool could be helpful to try out the ppepd scenario”.

4.2  Results from the 2nd Empirical study

The results of the 2nd empirical study are basettherscores of the questionnaires,
log files and students’ grades in pre-test and f@sstand they can be divided in three
categories: system usability, the utilization &f tteme as presented by the students’
models and the usefulness of the system as antamhatdool for teaching program-
ming to high school students. The results for thiegegories were:

e The usability of the system According to the score of Computer System Usiybili
Questionnaire, the rating of the system usabitithigh, like in the first research.
The final mean of the score in each question fothal system components is 5.01
for a maximum of 7 (SD 1.6). Making the reduction[0, 100] scale it arises a to-
tal score of 72/100 for the whole system usabilitge interventions in the help
component of the system made after the first rekeseemed to have positive ef-
fect on students’ evaluation of the system usabililore specific, question 9:



“system gives error messages that clearly tell me to fix problems” the mean
score was 4.85 (SD 1.3) showing an increase franfitht research where mean
was 3.78 (SD 1.8). Furthermore, on question 1Je fttformation (such as online
help, on-screen messages, and other documentptimnjled with system is clear”
the mean score in the second research is 4.86 () dhowing again an increase
from 4.08 (SD 1.69). The demonstration of the gdmmethe teacher played of
course an important role in increasing these ratintp spite of that increase the
help component of the system seems to demand futlthelopment in order to
provide more support to the students. From theesiisd answers in open type
questions of the questionnaire was concluded tiegame environment is plea-
sant, easy to use, arouses interest and suppotitgatiom. From the observation
of students’ behavior it was clear that studentssvaighly motivated and were try-
ing to succeed in programming activities the same tthey had fun. Sample
comments were: “I'm satisfied with all”, “it is cqnehensible and funny”, “It was
an enjoyable and creative activity”, “very easy dllarg, very nice in general” and
“It could be better if there were more activities”.

Students’ models data and system utilizationAs already stated, the student
model consists of data about the knowledge lev¢hefstudent, the time spent in
programming activities and also the time spenttireocomponents of the system
like help, chatting and wandering in the game woflie data for every action of a
student are saved in log files automatically anoinitethe system to construct the
individual learner model at runtime. From the ldgs of the second research the
mean time of the overall system usage for evergestuin the experimental group
calculated equal to 339.18 minutes. During thisetistudents used the program-
ming tool of the game for 235.16 minutes, seardbetielp for 40.7 minutes, chat
with other students for 36.17 minutes and 17.13ute were spent on wandering
in the game world.

From the measures it is concluded that the 70%eofdtal time was spent on pro-
gramming activities. The percentages make cledr ttie environment is doing
well in arousing the interest and motivating thedsnt to be engaged in program-
ming activities. Furthermore from the total 235rhéhutes participating in pro-
gramming activities, a percentage of 54% of theetimas spent on selection con-
trol structures (if then else) and the rest 46%hef time was spent on repetition
structures (while). Students of the experimentaligrworked on 7 programming
activities, 4 for selection structure (57% of tasativities) and 3 for the repetition
one (43% of total activities). From this observatoncludes a good analogy to
the difficulty of the activities. Finally, as thevel of knowledge is concerned, the
mean of knowledge level of the students of the erpntal group was70%. For
the computation of the mean was used the meancokssful activities for every
research concept, that was 74% in selection stei¢fi94 successful to 4 total ac-
tivities) and 75% in repetition structure (2 susfakto 3 total activities). The re-
sult is in agreement with the mean grade of theesgental group in the post-test,
which is presented below.

The usefulness of the system as an educational téot teaching programming

to high school students:As stated above, during the 3rd week all of theletts



participated in first written test (pre-test) arftbathat the students were randomly
assigned to control group and experimental grougcoAding to the statistical
analysis from the t-test in pre-test grades theme mo significant difference be-
tween the mean grades of the control group (meat315D=8.27) and experi-
mental group (mean=11.61, SD=8.11). On the othedllae grades in the second
test (post-test) for the students in experimenta@ug was significant higher
(mean=68.61, SD=17.22) than those of the contrabugr (mean=48.63,
SD=21.18). The results of pre-test and post-testhi® two groups are presented in
table 1.

Table 1.Mean and SD for the two groups in pre-test and-{ess

Students’ Group - Method of Performance Performance
Teaching — number of Students Pre-test Grade Post-test Grade
Control Group - Traditional Teach- 12,13 48,63
ing (n=32) (8,27) (21,18)
Experimental Group - Working 11,61 68,61
with TALENT (n=33) (8,11) (17,22)
_ 11,87 58.62
Total (n=65) (8,19) (19,2)

From the results it is concluded that studentsaith lgroups, control and experimen-
tal, improved their performance by increasing theerage rating from 11.87

(SD=8.19) in pre-test to average 58.62 (SD=19.pst-test. As implied by compar-
ing the results of the two groups, students in erpEntal group had a significantly
higher performance than students in control grdips indicates that there is some
evidence that the use of TALENT contributes posliinin learning programming

concepts than the traditional method of teaching.

5 Conclusions

In the context of this thesis, we presented TALENWeb based adaptive educational
multiplayer game for supporting the teaching ofgpeonming. TALENT is a combi-
nation of an adventure and a role play game antllizes web technologies in order
to motivate the student to engage in programmitigiaes. An innovative web pro-
gramming tool which exploits visual programmingttejues and embed an interpre-
ter which executes student’s program step by SIQhENT adapts to student abili-
ties by providing adaptation in curriculum sequegcand adaptive navigation sup-
port. It also includes an authoring tool which ¢@nused by an author to add or alter



educational content in knowledge base of the systensed by the teacher to monitor
students’ performance.

Two empirical studies have been conducted. Thdtselsum these studies are pos-
itive and indicate acceptance and satisfactioradfigpating students for the usability
of the environment. Furthermore, the environmetiieaes to attract the interest of
students and motivate them to keep on their program efforts. Finally, the perfor-
mance of students in an experimental group as epptus these of a control group
shows some evidence that teaching with TALENT haestive contribution to the
learning process in contrast to the traditional wateaching.

Our future plans include the development of appad@rmodules that would in-
crease the collaboration between the studentsanbbysis of students’ communica-
tion and also the exploitation of different adaptivethods and techniques in order to
provide more personalized learning.

References

1. T. Jenkins, “On the difficulty of learning to pragn”, In Proceedings of 3rd Annual
LTSN_ICS Conferenc&he Higher Education Academy, 2002, p.p. 53-58.

2. T.M. Connolly, and M.H. Stansfield, From eLearniogyames-based eLearning: Using in-
teractive technologies in teaching an IS coulrsternational Journal of Information Tech-
nology Managemenvpl. 26, no. 4, 2007, p.p. 188-208.

3. T.M. Connolly, E. McLellan, M.H. Stansfield, J. Raay, and J. Sutherland, “Applying
computer games concepts to teaching database ignahg design”Proceedings of the
International Conference on Computer Games, Aljdeand EducationReading, 2004.

4. M. R. Lepper, and T.W. Malone, “Intrinsic motivati@nd instructional effectiveness in
computer-based education”, In R. E. Snow & M. Jr Fads.).Aptitude, learning, and in-
struction: Val. lll. Cognitive and affective proseanalysesHillsdale, NJ: Erlbaum, 1988,
p.p.255-286.

5. S. Bennett, K. Maton, and L. Kervin, The digitatimas debate: A critical review of the
evidencepPritish Journal of Educational Technologyl.39, no.5, 2008, p.p.775-786.

6. P. Brusilovsky, E. Calabrese, J. Hvorecky, A. Kaigtnko, and P. Miller, Mini-
languages: A way to learn programming principEducation and Information Technolo-
gies vol. 2, no.1, 1997, p.p. 65-83.

7. R. Reichert, “Theory of computation as a vehicle tlaching fundamental concepts of
computer science”, Dissertation No. 15035, ETH &ijr2003.

8. M. Guzdial, and E. Soloway, Teaching the Nintendoegation to progranCommunica-
tions of the ACMvol.45, no.4, 2002, p.p.17-21.

9. C. Kelleher, and R. Pausch, (2005). Lowering theidra to programming: A taxonomy of
programming environments and languages for noviegrammers, &M Computing Sur-
veys vol.37, no.2, 2005, p.p. 83-137.

10. J. Kay, “Learner Know Thyself: Student Models tov&Learner Control and Responsibil-
ity”, Proceedings of International Conference on CompuiterEducation, Association for
the Advancement of Computing in Education (AAQEHalim, T. Ottomann & Z. Razak
(eds), 1997, p.p. 17-24.

11. K. Maragos, and M. Grigoriadou, “Towards the desifintelligent Educational Gaming
systems”,Proceedings of Workshop on Educational Games adli@nt learning envi-



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

ronments, Artificial Intelligence in Educatipruniversity of Amsterdam, Amsterdam,
2005.

S. Bull, “Supporting Learning with Open Learner Mits!, 4th Hellenic Conference with
International Participation: Information and Commigation Technologies in Educatipn
Athens, 2004.

Y. Cui, and S. Bull, Context and Learner Modellifog the Mobile.Foreign Language
Learner Systenvol.33, no.2, 2005, p.p. 353-367.

K. Maragos, and M. Grigoriadou, “Teaching Comp&erence Concepts with Education-
al Computer Games'Proceedings of EUTIC 2007 International Colloquiam Chal-
lenges and Uses of ICT Media and Information diffaistowards an open societyabor-
atory of New Technologies in Communication, Edumatind the Mass Media of the Uni-
versity of Athens, Athens-Greece, 2007.

K. Maragos, and M. Grigoriadou, “Designing an Ediaraal Onine Multiplayer Game for
learning ProgrammingProceedings of Informatics Education EuropeACM, Thessa-
loniki-Greece, 2007.

K. Maragos, and M. Grigoriadou, “Learner ModelingdaAdapted Interaction in Educa-
tional Games”Proceedings of 80Days’ 1st International Open Whdgson Intelligent
Personalization and Adaptation in Digital EducatidrGames University of Graz, Graz-
Austria, 2009.

K. Maragos, and M. Grigoriadou, Exploiting Talesta Tool for Teaching and Learning,
The International Journal of Learningol.18, no.1, 2011, pp.431-440.

A. McFarlane, ed.Information Technology and Authentic Learning: Reag the poten-
tial of computers in the primary classroobondon: Routledge, 1997.

A. Mitchell, and C. Savill-Smith, The use of compuand video games for learning: A re-
view of the literature, 2004; http://www.lsda.orgfiles/PDF/1529.pdf [Retrieved
10/9/2005]

A. McFarlane, A. Sparrowhawk, and Y. Heald, Remortthe Educational Use of Games,
2002; http://www.teem.org.uk/publications [ Retee\10/9/2005

R.M. Carro, A.M. Breda, G. Castillo, and A.L. Bajog A Methodology for Developing
Adaptive Educational-Game Environments, In P. De, B?. Brusilovsky, and R. Con-
ejo(Eds.)AH2002, LNCS 234Bpringer- Verlag, Berlin Heidelber, 2002, p.p-%.

A. Kerly, and S. Bull, Open Learner Models: Opirsaf School Education Professionals,
in K. Koedinger, R. Luckin & J. Greer (eddyrtificial Intelligence in EducationlOS
Press, Amsterdam, 2007.

S. Bull, and M. McKay, “An Open Learner Model fohiRiren and Teachers: Inspecting
Knowledge Level of Individuals and Peerbitelligent Tutoring Systems: 7th Internation-
al ConferenceSpringer-Verlag, Berlin Heidelberg, 2004, p.p6&565.

J.R. Lewis, IBM Computer Usability Satisfaction @tiennaires: Psychometric Evalua-
tion and Instructions for Usdnternational Journal of Human-Computer Interaction
vol.7:, no.1, 1995, p.p. 57-78.

R. Likert, A Technique for the Measurement of Atties,Archives of Psychologyol.140,
1932, p.p. 1-55.



