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Abstract. Nowadays, the effectiveness of technology integration into teaching 
and learning approaches is widely recognised, mainly, in those pedagogical prac-
tices where students are the centre and co-constructors of their knowledge pro-
cess. Specifically, the authors underline the potentialities of combining the gam-
ification techniques and 3D virtual environments to design innovative learning 
settings through the description of two projects, TALETE and AVATAR, funded 
by the European Commission. 
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1 Introduction  

The paper discusses the application of gamification in different educational contexts as 
a powerful tool for attracting students' attention for a long period of time, for stimulat-
ing desired behaviour and learning in a new way to achieve specific learning goals and 
results. Some approaches and models for applying the general game theory principles 
and game-design elements to support and improve learning in virtual environments (v-
learning) are explained based on two case studies described in the last two sections.  

2 Gamification Approach in Education 

The Oxford Dictionary defines gamification as “the application of typical elements of 
game playing (e.g. point scoring, competition with others, roles of play) to other areas 
of activity, typically as an on-line marketing technique to encourage engagement with 
a product or service”. From the educational perspective, the gamification of learning is 
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an educational approach to motivate students to learn by using game design, gamifica-
tion techniques and game elements in learning environments (Kapp, 2012). Some gam-
ification techniques do not involve playing games at all, but they are based on the con-
cepts of applying game-design thinking to non-game contexts (Freitas, Lacerda, Ca-
lado, Lima, & Dias Canedo, 2017). The game-based concept is applied to meet specific 
learning objectives, to attract students’ attention for a long period of time and to stim-
ulate desired behaviours. Whether applying the gamification concept in eLearning truly 
helps learners learn is broadly discussed in scientific, academic, and educational socie-
ties. Several organisations do not consider the "gamification" in eLearning as a viable 
approach, especially for a longer time for development and higher costs. There are va-
riety of gamification strategies which do not seem to be equally effective. This depends 
on their real capacity of engaging the audience in the learning process; that is, when 
learners find these strategies interesting and appealing. Below are described some key 
components and success factors that should be carefully considered during the devel-
opment of a gamified environment: 

• Engaging learners in interactions (competition or cooperation) – many modern 
game-based educational environments let students learn together, stimulating 
peer-to-peer interactions. To consider an appropriate reward for the competition 
winners and leaders of cooperative actions has high importance.  

• Aesthetics of the learning environment - a pleasant and beautiful environment 
visually designed with proper engaging elements brings positive emotions and 
motivates people to interact with the product. 

• Learning aims and objectives have to be clearly communicated. The rules have 
to be set to ensure an effective learning environment. 

• Challenges and tasks for reaching the learning goals have to be concluded with 
feedback, which helps learners understand the issue and go to the next level of 
competency. Moreover, according to Flow Theory, challenges and tasks have to 
be appropriate to learners’ skill level. 

• The different learning paths and choices available for learners create uncertainty 
and increase their excitement in the activities and tasks to be carried out and be 
solved. They become autonomous to decide which path is more suitable freely, 
to construct and re-construct hypotheses based on the consequences of their 
actions. 

• The game story/scenario, e.g. context, has to be adequate and corresponding to 
the learners' age level and background who play a role. It has to be appealing, 
exciting and bringing the motivation and engagement to the highest level. 

• Game strategies relate to kinaesthetic experience (implementation tasks and 
practice), facilitating understanding and comprehending new information by 
additional sensory channels. 

• Reward system in the learning process is a very important component. Many 
mechanisms could be used, such as badges or credits (points), exposing the 
learner's development, or showing their progress bars as badges and points are 
the simplest to think about because they became the most popular one. The 
rewards and efforts have to be appropriately connected considering the 
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complexity of the context and the artefacts' situational use to create an 
enjoyable, engaging and fun solution that stimulates desired behaviours. 

3 Virtual Reality and Gamification Techniques for 
Education 

The first definition of “Virtual World” was reported in an interview to Jaron Lanier, 
titled “A Portrait of the Young Visionary” of 1988 (http://www.jaron-
lanier.com/vrint.html). Virtual world (VW) is described as a technology used to syn-
thesise a shared reality. Each our relationship with the physical world is re-created in a 
new way. This has only an influence on how we perceive reality by senses. Afterwards, 
Loomis (Loomis, Da Silva, Fujita, & Fukusima, 1992) distinguishes between physical 
and phenomenal worlds, stating that the phenomenal world is the result of the mediation 
with the physical world. It is built by our senses. Virtual Reality (VR) aims to persuade 
users to be in a “reality” to act naturally and carry out the assigned tasks. In this way, 
users are supposed to believe that the virtual world where are immersed keeps the real 
world's expectations. VR refers to generating a virtual environment or projection which 
creates a realistic experience but does not exist in reality. There are different types of 
virtual reality technology, and as the most influential could be pointed out (Evans, 
2017) (Sultan, 2021): Non-immersive VR; Fully Immersive VR; Semi-Immersive VR; 
Augmented Reality, and Collaborative VR 

VW developers combine various tools and approaches to create an engaging com-
puter-based on-line community environment, where the individuals interact in a cus-
tom-built simulated world. There are many different types of purpose-built virtual 
worlds addressed to different users (Girvan, 2018). According to the revenue models, 
VWs could be paid (users pay a subscription fee) or free to play. Another important 
characteristic of one VW is the users' age (children, teenagers, or adults). Virtual worlds 
also have different technological requirements. Especially in case of fully 3D worlds, 
the user will need appropriate computer hardware and the installation of a standalone 
software client (application). Most advanced virtual worlds also require a broadband 
internet connection on the user’s side. 

The use of VR is very useful when the activities to be carried out by users, in reality, 
are too expensive, difficult and dangerous. That is why it allows the users to explore 
the space relationships which would be impossible to go over in the physical world, 
such as molecular modelling and astronomical simulation. In effect, the use of simula-
tors in VR permits people being trained by cutting down possible risks met in real train-
ing. This is useful, especially for soldiers, pilots and surgeons. Another example is in 
Architecture. Users can get over in real-time a ‘real’ 3D architectural environment. Fi-
nally, in Art, users can rebuild virtually artworks or artistic environments (damaged by 
ages) to favour their conservation. The systems, which can support these structures, are 
formal virtual learning environments (VLE), where learners can fulfil, organise, and 
manage learning courses. VLE is a space inside the Network where users can work 
together through various tools and informative resources to achieve common learning 
objectives in problem-solving activities (Galliani, Luchi, & Varisco B.M., 1999). 
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Knowledge is considered as a set of meanings, characterised by metacognitive pro-
cesses through the interaction with an environment, including tools and resources. V-
learning promotes learning by encouraging the use of various techniques and increases 
students' level of commitment to study the subjects and personalise and customise their 
learning process. Full immersion in the virtual environment supports multisensory 
transmission among trainees. V-learning provides learners with an example of integra-
tion between usual web functions of e-learning platforms and 3D virtual environment. 
Virtual worlds represent effective training tools, providing users an immersive graphic 
climate and supporting learning based on experience with better opportunities for teach-
ers, trainers, and tutors to adapt and customise the educational models for learning 
through virtual interaction and work. They set up the potential for learning by doing 
and problem-based learning and offer the learner control through exploratory learning 
experiences (Saunders, R. L., 2007). There are different types of educational VRs, but 
two of them are the most important. The first type is characterised by users’ access and 
interaction with the virtual environment through specific tools like helmet, glasses, and 
gloves. This represents the result of several studies aiming at producing and developing 
a cyborg body, a union between human being and machine. The second one allows 
users to build an alter ego with a new body and go into the virtual world. This ‘alter 
ego’ is identified in an avatar, which lives in the new virtual world interacting with the 
other virtual bodies. 

4 Combining Gamification with VR: Case Studies 

The virtual worlds' use ensures a drastic reduction of logistics costs and better accessi-
bility and interactivity. It is very suitable for simulations and offers a high level of im-
mersion. As a learning environment VR allows users to develop training paths exploit-
ing the potentialities of both 2 and 3 dimensions. In the virtual environment, the learner 
activity is structured based on comparative analysis on the problems. That means that 
each learner acts as a member of a specific group providing an individual contribution 
in the dynamic interactions with the others inside the virtual reality. These processes 
will favour their organisational learning through knowledge sharing. Finally, the 3D 
virtual environments support the development of knowledge through “learning by do-
ing”, especially through the combination the playful-fantastic dimension and the social 
one (Parpet & Harel, 1991). The Gilly Salmon’s Five Stage Model (Salmon, n.d.) and 
“e-tivities” concept can be used to identify the typical activities tutors may be involved 
in at different stages of the students’ learning processes (Figure 1.). Practical usage of 
this model put in focus the following issues: 

• Provision of technical support to enable student participation - the student has 
to succeed in setting up their access to the on-line system to be able to learn via 
it. The on-line tutor has a very important role in this process either at the level 
of providing the student with technical support from help desks or by 
maintaining high learning motivation. 
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• Students Management - Different learners, may be at different stages in the 
process of development. The tutor must manage and support students in the 
same group who may be at different stages in the e-tivities Model. 

 
Fig. 1. Gilly Salmon's Five Stage Model of e-tivities 

The learning philosophy and instructional design integrated into the model are key fac-
tors regarding the students’ progress and achievements. This model was adapted to two 
different learning methodologies developed in the framework of the two international 
projects – TALETE (TALETE, n.d.) and Avatar (Added Value of Teaching in a Virtual 
World, n.d.). Due to the use of these virtual worlds, Web 3D offers a great opportunity 
of creating an educational environment where learners, from different places, start 
jointly and synchronously tactile or kinesthetic activities within the game such as in 
TALETE project or in massively multiplayer on-line role-playing game platform Sec-
ond life (SL) such as in Avatar. The 3D of virtual worlds encourages the creativity 
development of the learners more than those in 2D. These are defined as communicative 
environments, which can amplify the cognitive capacities, called “multiple intelli-
gences” by H. Gardner. Therefore, interaction with simulated reality permits learners 
to represent the knowledge's contents as a game to compare and verify real situations 
(Boulos, Hetherington L. & Wheeler, 2007). In this context, learners re-create their 
educational path according to their individual learning styles, favouring a real compre-
hension. 

Both projects mentioned above were focused on the usage of the virtual worlds for 
education. The baseline from the methodological point of view for both TALETE and 
Avatar was the broadly accepted five-stage model and the “e-tivities” and gamification 
concepts. Still, there is a significant difference between them from the learning philos-
ophy, instructional design, target groups, subject domains, technological solutions, and 
environments designed.  

The main aim of the TALETE project was to improve the training and learning of 
Mathematics in secondary schools (with a focus on Geometry) by the development of: 
i) innovative pedagogical tool making the study of Mathematics more interesting and 
creative, transforming a possibly tricky situation into a simpler, more dynamic, flexible, 
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surprising, engaging, intriguing one to foster the student’s curiosity based on the ad-
vanced ICT solutions and Serious Games Theory; ii) methodology was developed by 
participants from Italy, Bulgaria, Greece, Turkey, and UK on the base of OCSE PISA 
(OECD PISA, n.d.), IEA TIMSS (IEA TIMSS, n.d.) and National Curriculums of part-
ner countries. The core of the educational model was the concept of mathematisation, 
i.e. constructive, interactive and reflective activity of using the everyday contexts ex-
pressed in mathematical language and concepts for solving real problems using math-
ematics (Blum & Borromeo-Ferri, 2007). The international experts’ group selected rel-
evant challenges (specific mathematical problems covered by the topics of the National 
Curriculums) which were developed as separate but linked in a common scenario, 3D 
mini-games integrated in the virtual environment. Under the project was conducted 
training of teachers in Math to make them familiar with the v-learning principles and 
competent to use the developed virtual environment in the classroom. Afterwards the 
trained teachers tested the innovative methodology and tools with their students who 
were separated in experimental and control groups. The two main components of the 
TALETE training environment were: e-learning platform for the teachers and a 3D en-
vironment for teachers and students. The e-learning platform (based on open-source 
Claroline software platform) was developed to deliver the teachers' e-course, web sem-
inars, and social area. The learning content was produced in the form of the learning 
objects by using Adobe Presenter software. The 3D virtual environment was developed 
based on the Unity 3D software platform and games’ scenarios were integrated inside 
(Figure 2). The virtual environment is a fully explorable 3D space, viewed by the user 
in first-person shooter camera mode. Students can watch videos, explore (inde-
pendently or with the guidance of a teacher) the space and play interactive games as 
part of a lesson plan and directly in their web browser. Each student’s scores are rec-
orded in a database that the teachers can access to evaluate performance. 
 

 
 
 
 
 

Fig. 2. 3D scenarios for TALETE games 

On Figure 3 are presented: 3D environment start screen and a mini-game screenshot 
with the following areas: 1 - Area for visualisation of the context and visual feedback, 
enabling learning by doing and exploring techniques; 2 - Area for the textual represen-
tation of the context, problem, tasks and questions; 3 – Area for answering; 4 – Feed-
back area and 5 – Navigation area. 

Avatar project's main objective was to improve the quality of teaching and learning 
in secondary schools, mainly in Europe, through the production of an innovative v-
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learning environment. The development of Avatar v-learning environment (AvE), ed-
ucational methodology and resources allowed an expansion of the traditional classroom 
education, adding to it e- and v-dimensions and opportunities. The tools and function-
ality for conducting v- training in different subject areas provided the possibility of 
applying different educational strategies and techniques and promoting active students’ 
participation and involvement in the learning process. 

 
Fig. 3. TALETE 3D environment and mini-game screenshot 

AvE was designed as a hybrid environment comprising e-learning platform and a v-
learning environment established in the game platform Second Life (SL). The e-plat-
form provided all needed arsenal of tools and functionality to support the process of e-
learning: calendar of courses; resource centre with open educational resources that can 
be reused and shared in changing pedagogical context; modular educational curriculum, 
covering a distinct logical sequence of lessons and tasks to be performed; chat; forums, 
Wiki, notice board; frequently asked questions section and so on. To trainees were de-
livered self-assessment forms containing a list of competencies that the participant can 
acquire by completing the module tasks and questions that give feedback from the par-
ticipants concerning their experienced outcome of the module, including assessing their 
own learning process. AvE was established in the virtual world of SL, including the 
following training spaces: 

• SL conference hall for virtual meetings and seminars – support of the high-
quality audio, voice communications, import and shared use of multimedia 
documents; opportunity for video recording of events. (Figure 4 a) 

• Auditorium and learning playground where the v-learning sessions in charge of 
the proven experts in v-learning and 3D design and construction were held. The 
trainees improved their knowledge and practical skills to construct and edit 3D 
objects, and their behaviours supported by on-line tutors (Figure 4 b). 
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• Personal plots for trained teachers – spaces in SL where every involved teacher 
builds his/her learning space (building(s), labs, experimental playground, 
studio, and so on) where tested own v-learning projects with their students. 

 

  

a) b) 

Fig. 4. a) Virtual conference hall in SL and b) Auditorium and learning playground 

The experiment included initial training of secondary school teachers from Italy, Bul-
garia, Great Britain, Austria, Denmark, and Spain and subsequent training of students 
of these teachers aged 16 to 18 years. In the 4-month course were provided 100 hours 
of individual studies and group work. Teachers were trained to work in SL - to design 
and build basic and complex objects and script their behaviour and create v-learning 
products/projects. At the next stage of the experiment, the trained teachers passed on 
their knowledge and experience to their students, testing the developed v-learning prod-
ucts and projects. The training aimed to improve the knowledge, skills and competences 
of secondary schools’ teachers and students to use VR for educational purposes in dif-
ferent subject domains. The survey was conducted among the involved 110 secondary 
school teachers. The obtained study results give the possibility of making some gener-
alisations and conclusions about the state of the use of VR in secondary education in 
Europe and defining some general guidelines and trends. According to the survey re-
sults’, only 4% of the teachers regularly use virtual worlds for training in their work in 
terms of virtual worlds. 19% declare that they benefit from such platforms only in the 
conduct of certain lessons and 77% of teachers do not use such platforms in their work. 
123 teachers enrolled in the Avatar course, 65 teachers attended the training, 55 
dropped out and 3 acted as observers. The reasons for dropping out can be summarised 
in the following groups: lack of time, lack of interest, technical problems, insufficient 
technical background. Post-course on-line questionnaires were distributed among the 
participants in the experiment – the teachers and their students gained experience of 
using virtual worlds. In general, the teachers’ attitudes are positive. Teachers share the 
opinion that SL is good for simulations and virtual tours, offering an interactive teach-
ing method and an appropriate training platform for students with age over 16. The 
results show that the students are stimulated to be active part in the learning process. 
They are engaged in a new way of learning, increasing their motivation and interest to 
participate in emotionally-driven activities. SL allows valuable teaching activities that 
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supplement real-life teaching contributing for “better visualisation of the subject for 
better understanding of the matter”. The students can better realise the real value for 
the training course and understand that what they are learning adds value to their lives. 
Both groups of participants in the experiment share the opinion that this is a good plat-
form for development of new improvement of existing skills and competences (e.g. in 
communication, foreign language proficiency and use of ICT) by participating in activ-
ities which are inherent in traditional teaching and learning as well as in activities which 
are not possible in real educational process, i.e. teleportation and travelling in distant 
virtual places. Apart from these positive aspects, some disadvantages also were docu-
mented. According to the involved teachers the VW technical requirements are high for 
the majority of secondary schools and the establishment of the environment is consum-
ing too much time and efforts. The platform is very useful in some subjects and learning 
activities but not in general.  

5 Conclusion 

Using the gamification approach and techniques in the virtual learning environment 
effectively supports students learning process, mainly dealing with real-life scenarios 
and challenges in a safe environment. 

In the case studies described, the results achieved underline how these emerging and 
innovative pedagogical tools and approaches, such as gamification techniques and the 
immersive 3D virtual worlds, are relevant to improve their students' learning capacity.  

These methodologies and tools can allow students to understand the usually consid-
ered complex topics or seem not interesting, such as mathematics and science.  

The introduction of these new digital learning environments into the learning activity 
and teaching uses the latest devices available, but it determines adopting a new per-
spective and didactic methodology that combines new roles for teachers and learners.  

Besides, the students/players' motivation and engagement grow even more if their 
performances and results are made public and recognised through a system of awards 
and rankings, which completes the training process, generating positive socio-emo-
tional reactions that facilitate deep learning. 

VR joined to gamification techniques is becoming the mediator of a profound trans-
formation in the way people learn regarding the enhancement of school involvement, 
the fostering of situated learning, or the formation of transversal skills such as systemic-
abstract reasoning empathy but even concerning the way the educators teach. 

Acknowledgements 

The present paper presents some results achieved in the framework of international 
projects financed by the European Commission. This document reflects only the au-
thor's view and that the Commission is not responsible for any use that may be made of 
the information it contains. 



324 
 

References 

Avatar. (n.d.). Added Value of Teaching in a Virtual World. Retrieved from 
https://www.unimarconi.it/ 

Blum , W., & Borromeo-Ferri , R. (2007). Mathematical modeling: Can it be taught 
and learnt? In The future of Mathematics Education in Europe. Lisbon, Portugal. 

Boulos , M., Hetherington L. , L., & Wheeler, S. (2007). Second Life: an overview of 
the potential of 3D virtual worlds in medical and health education. Health 
Information and Libraries Journal, Vol. 24(4), pp. 233–245. 

Evans, K. (2017). 5 Types of Virtual Reality that will Affect the Future. Retrieved from 
https://datafloq.com/read/5-types-virtual-reality-affect-the-future/4030 

Freitas, S., Lacerda, A., Calado, P., Lima, T., & Dias Canedo, E. (2017). Gamification 
in education: A methodology to identify student's profile. IEEE Frontiers in 
Education Conference (FIE), (pp. 1-8). Indianapolis, IN, USA. 

Galliani, L., Luchi , F., & Varisco B.M. . (1999). Ambienti multimediali di 
apprendimento <Open learning>>. Pensa MultiMedia, Lecce, 141. 

Girvan, C. (2018). What is a virtual world? Definition and classification. Educational 
Technology Research and Development, Vol. 66, pp. 1087–1100 . 

IEA TIMSS. (n.d.). Retrieved from https://nces.ed.gov/TIMSS/ 
Kapp, K. M. (2012). The Gamification of Learning and Instruction: Game-based 

Methods and Strategies for Training and Education. Pfeiffer. 
Loomis, J., Da Silva, J., Fujita, N., & Fukusima, S. (1992). Visual Space Perception 

and Visually Directed Action. Journal of Experimental Psychology: Human 
Perception and Performance, Vol. 18, n. 4, 906-921. 

OECD PISA. (n.d.). Retrieved from http://www.oecd.org/pisa/ 
Parpet, S., & Harel, E. I. (1991). Constructionism. NJ: Ablex Publishing. 
Salmon, G. (n.d.). The Five Stage Model . Retrieved from 

https://www.gillysalmon.com/ 
Saunders, R. L. (2007). The genesis of a virtual world revisited. International Journal 

of Web-Based Communities, Vol. 3(3),, 271–282. 
Sultan, C. (2021). 5 Types Of Virtual Reality – Creating A Better Future. Retrieved 

from https://rextheme.com/types-of-virtual-reality/ 
TALETE. (n.d.). Teaching mAths through innovative LEarning approach and 

conTEnts. Retrieved from www.taleteproject.eu 
 
 
Received: May 31, 2021 
Reviewed: July 05, 2021 
Finally Accepted: July 15, 2021 

 


	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


