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Summary: The project „Playing and learning computers“ is a result of a long work, experience and research in practice. In this area, it is a pioneering attempt to build in the latest scientific knowledge about development of learning programmes into development of educational software. The target group of this educational software consists of pupils and teachers from first to fourth grade of primary school. The whole package includes a DVD as a basic teaching aid and a „Multi-purpose didactic-methodic reference book“ intended for teachers. The disc includes seven areas of which five are school subjects (1. Mathematics, 2. Serbian language 3. The world around us 4. Art 5. Music). The contents of these areas are not systematized curriculum of these school subjects but their complement. The total number of assignments is 175 which are all animated and given in the form of problem assignments. One quarter of them is set as practical assignments. Presented material completely covers the optional school subject „From Toy too computer“ taught in first grade of primary school. The disc also contains libraries of drawings and sound with more than 1000 units intended for teachers’ preparation and initial steps of animation. Working with this programme makes learning and testing much more interesting and it improves development of logical thingking, observation and combinatorics, that is cognitive and conative solutions of problem assignments. Solving the assignments, pupils unconsciously start learning how to work on a computer without even being aware of it.
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1. Theoretical and empirical elements in the development of multimedial educational software „Playing and learning computers“

We based the development of multimedial educational software „Playing and learning computers“ on the world latest scientific theoretical and empirical knowledge about development of multimedial educational software. First of all, we have on mind instructional design, cognitive psychology, principles of multimedia learning, didactics and theories of learning, which help us to understand the way information is received, processed and stored in the brain.

1.1 Instructional design

Instructional design (ID) is a new and independent process which includes planning, designing and developing of teaching, organization and control of learning, finding solutions, optimal strategies, ways of work and learning, modelling and designing of teaching contents which pupils can correctly and easily adopt so that this newly acquired knowledge becomes permanent and applicable in every situation.

ID is strongly based on the assumptions of cognitive psychology, which recommends the active role of pupils inspiring them to work, play and research actively. The models of ID provides for completely new theoretical foundations although while developing its internal structure it still relies on traditional didactics.

Our project has been developed on the basis of the so called conceptual model of ID which includes the application of the latest scientific results, theories and knowledge of scientific branches which have directly been researched on. Our starting point was the development of conceptual, multimedial, multiactive and multicommunicational educational software which would satisfy the needs of pupils and teachers from the first to the fourth class of primary school and whose framework is the software „Playing and learning computers“.

The development of this software has been based on cognitive theory of learning and principles of multimedial curriculum design, model of (work oriented) teaching, cybernetic methods of work (analytical-synthetical, problem method and method of attempts and mistakes), forms ( individual, pair or group work), the model of communication „Everyone with everybody and everyone everything“ and clear concept of teaching strategy (from algorhythmic to poliheuristic) which we would use to influence the development of complex thinking processes and manipulative skills of pupils’ hands. (Hilčenko, 2003).

As this software will help pupils acquire and test their knowledge, abilities and skills, induce development of complex mental processes and manipulative skills of hands with practical work at series of problem assignments, the software package includes and also demands a large number of external didactic aids.

2 How is the software arranged?

Internal organization, structure and the appearance of the content represent the concept of ID and actually it represents multimedial teaching model. All these requirements refer to:

· organization (of programme), stucture and appearance of the content

· algorhythm of the areas and problem assignments

· strategy of teaching

· methods and forms of work

· model of communication and 

· cognitive principles of multimedia designing

The software consists of: (1) Intro (2) Main Menu (3) Seven Areas (4) Ending (5) Additional Material

2.1. Design and use of the screen 

The educational software consists of three different screens. They all have identical icons but at the same time they differ in their use and content. The screens are:

1. the screen of the main menu
2. the screen of the submenu

3. the screen of assignments

The screen of the main menu is shown in picture 1.

(Picture 1: the screen of the Main Menu)

After Intro, you approach to the Main Menu where an interactive helper (a mouse) greets you and directs you to choose among the offered areas, the icons arranged in circle in the middle of the Main Menu screen. Clicking on the chosen icon you step into certain area. All screens have three icons in the bottom left corner. They are (1) feet, the exit from the software and (2) megaphone, the switch on-off of the sound, only on the Main Menu, (3) printer.

The screen of the submenu (content of the areas) is shown in picture 2. In the bottom left corner, the medium icon is a computer which returns us to the Main Menu. Red and green arrow is used for moving back and forth. In the middle of the screen there is a list of 24 assignments which we directly approach to. There is also 25th assignment which appears as a bonus and it is approached only after the penultimate assignment. In the submenu, the helper directs us to choose an assignment from the list.

(Picture 2: The screen of the submenu of the area I am playing an instrument & composing)

Assignments in all areas have unique basic appearance of the screen. In picture 3 we can see a screen of one assignment. The icon that makes it different from other screens is a helper which is now placed in the upper right corner and from that position he monitors how the assignments are solved. The instruction which is in the from of a short sentence is a key at the same time and it also returns us to the submenu. Only the screens of assignments have a stopwatch in the upper right corner. It works in two different ways:

(1) it automatically starts and stops in time limited assignments; and 

(2) it is started and stopped manually by pupils themselves in practical assignments and it is used only for the time control. It must be emphasized that the individual assignments can be printed only in case of solved or completed assignment, which is shown by changing the appearance of „printer“ icon.

(Picture 3: The screen of an assignment of the area I am calculating & counting)

3. What is there on DVD?

The disc contains educational software with its additions which teachers can use as a teaching aid in the classroom. However, for some of the suggested assignments teachers will have to prepare additional didactic material either by themselves or with the help of a school repairman. The additional didactic material which they can use is suggested here.

What is offered on this DVD?

1. The educational software „Playing and learning computers“ has seven areas intended for pupils of which two areas are not school subjects. They are:

· Mozgam & slažem (I am thinking over & arranging)

· Mislim & radim (I am thinking & working)

and five areas which represent school subjects: Mathematics, Serbian language, The world around us, Music and Art under the following titles:

· Računam & brojim (I am calculating & counting)

· Čitam & pišem (I am reading & writing)

· Snalaženje & okruženje (Orientation & surroundings)

· Sviram & komponujem (I am playing an instrument & composing)

· Mackam & trackam (I am painting & smudging)

2. Additions:

a) Additions for photocopiable didactic material for the areas: 

· Mislim & radim (I am thinking & working)

· Mackam & trackam (I am painting & smudging)

· Računam & brojim (I am calculating & counting)

b) Libraries:

· Biblioteka crteža (Library of drawings)

· Biblioteka zvuka (Library of sounds)

c) Reference Book:

Višenamenski didaktičko-metodički priručnik za multimedijalni obrazovni softver „Od igre do računara“

(„Multipurpose didactic-methodic reference book for multimedial educational software Playing and learning computers“).

This Reference book is solely intended for teachers. Its only purpose is to provide for some basic information and some general instructions for work. Our intention is not to impose the presented material on you as an obligation. On the contrary, we would like to inspire you to explore and to be creative in your work. However, we have to say that as far as we know, this is the first attempt in our country to give teachers a reference book of such content along with educational software. Furthermore, the target group i.e. pupils in the first and other lower classes of primary school do not have sufficient number of appropriate and quality educational software at their disposal. There are several reasons for that. It takes a lot of time, knowledge and investments to develop educational software. What is more, there are no methodic reference books for the work on a computer. It demands researches and work at school. Therefore, knowledge and experience we have acquired are pioneering.

4. Contents of some areas

We have not created these contents, especially the contents of five school subjects, to be another systematized curriculum of these subjects. All publishing houses offer something like that more or less successfully. We wanted „to offer something more and something different“. This was accomplished by applied technology and work approach which changed impossible to possible. For example, if approached properly an assignment intended for older pupils could be solved even by a pupil in the firstclass.

All 175 assignments (25 assignments in each area) are designed as problem assignments. An interactive helper appears with three quarters of the assignments. An aggravating circumstance is that there is a time limit for their solution. The rest of them are practical-manipulative in character and there is no time limit for them but a pupil can follow their duration.

choosing the assignments we had in mind pupils with difficulties in work as well as those who are especially intelligent and talented for some areas. 

The whole software is animated and accompanied with sound effects and instructions which can be turned off if necessary.

4.1. Mozgam & slažem (I am thinking & arranging)

The area Mozgam & slažem (I am thinking & arranging) contains 25 amusing educational and logical puzzles arranged from simpler to more complicated.

The puzzles differ in appearance, content, number and shape of elements and in demands and ways they should be solved (puzzle, tangram, dominos, geometric shapes, cards, ideas and drawings). All assignments are time limited but number of attempts to solve them is unlimited. This area does not have a submenu which makes it different from other areas.

Goals and results come from specific work contents and they would refer to developing of sensitivity to problems and finding models for their solution. Pupils should improve their ability to observe, match ideas and memorize; they should become familiar with the most important hardware components and learn how to handle a mouse.

4.2. Računam & brojim (I am calculating & counting)
Mathematics is often said to be a big problem for pupils. Pupils get their first ideas about mathematics unconsciously, then in kindergarten and after that in school. Mathematics must be a game for them especially for pupils in the first class. It must be presented in an interesting, understandable and sensible way. In that regard, a computer and adequate learning programmes, can help both pupils and teachers to make a lesson seem „somehow too short“ to pupils.

The area Računam & brojim (I am calculating & counting) includes assignments in arithmetic, geometry, relations, sets and logical and practical assignments. There is a photocopiable material in the addition. There are the following assignments:

1. numbers                                                      14. matches

2. beat                                                             15. guess

3. from 1 to 10                                                16. apples

4. compare                                                      17. weight    

5. match                                                          18. chocolate

6. square                                                         19. eggs

7. figures                                                         20. pencils

8. draw                                                            21. keys

9. mice                                                            22. a small ball

10. a chess player                                           23. small candles

11. equal                                                         24. family

12. candies                                                      25. fingers

13. arrange

Goals and results of the area I am calculating & counting come from the enclosed assignments and they influence pupils to develop logical thinking, notice space relations, acquire basic ideas, expand and revise knowledge and experience from different areas of Mathematics for the purpose of its practical application in life, learning, work and play. Pupils would use a numerical keyboard during their work.

4.3. Čitam & pišem (I am reading & writing)
Coming to this world a child sounds with crying. In time, he/she uses language to learn all about the world outside and inside himself/herself. Language is alive, dinamic, changeable and it is the most powerful means of communication. Learning a language, a child will swim in the sea of letters, words, sentences, full stops, commas, exclamation and question marks to discover that world and express himself/herself. Using a computer a child will continue to learn about the world playing, studying and working on a language. Solving the assignments a child will be motivated to master the elements of literacy in order to express himself/herself  without being afraid of the unknown.

The area Čitam & pišem (I am reading & writing) includes assignments in basic literacy of pupils in first grade of primary school. Knowledge adopted during the lessons of native language and knowledge that they already have will help pupils to solve the assignments. They will be led by audio-visual sense of language and logic. The assignments are:

1. complete

2. sound and letter

3. printed and written

4. correct mistakes

5. address the envelope

6. number and place of letters

7. find letters and words

8. put words into the correct order in a verse

9. verses

10. rhyme

11. who does what?

12. characteristics

13. meaning of pictures

14. delete words

15. the opposite of

16. punctuation

17. recognize characteristics

18. meaning of sentences

19. rebus and crosswords

20. missing letters

21. people’s wisdom 

22. what is being heard?

23. we create new words

24. correct mistakes

25. picture story

Goals and results of the area Čitam & pišem (I am reading & writing) come from the presented themes and they refer to acquiring, expanding and revising of knowledge and experience about the need and the rules of knowing our language in order to apply it properly. Pupils will become familiar with the work on a keyboard, which must be set on cyrillic letter.

4.4. Mackam & trackam (I am painting & smudging)

Regardless of having or not having the talent for painting, almost every child likes drawing, colouring, modelling, cutting, sticking etc. Since Art as a school subject understands capability and skills, most assignments in the area Mackam & trackam (I am painting & smudging) are practical in their character.  This area is not intended for discovering talents but for providing  pupils with joy, play, work and study with the help of new media demanding practical work with various materials and equipment. There are numbers of assignments from Theory and History of Art. There is also a photocopiable addition. The themes are:

1. movement

2. penguin

3. decorations

4. draw 1

5. draw 2

6. colour

7. a small car

8. trace

9. letters

10. colours

11. shadow

12. light

13. theme

14. technique

15. collage

16. poster

17. paint

18. stiropor

19. weld

20. wood

21. carve

22. chisel

23. artists

24. art and

25. free drawing

Goals and results of the area Mackam & trackam (I am painting & smudging) come from the presented themes and they refer to inspiring the development of creativity with the help of a computer as media and the development of manipulative skills of hands through practical work with didactic and additional material. Pupils will also practice drawing with a mouse.

4.5. Snalaženje & okruženje (Orientation & surroundings)

We often fill pupils with senseless things which they will never need in life. Apart from educational character, the curriculum intended for  pupils must have its practical value in real life. Having that in mind, we devoted the whole area to practical contents. The area Orientation & surroundings includes assignments which differ in themes and ways they should be solved. The themes are:

1. eating utensils

2. schoolbag

3. call!

4. balance

5. help me!

6. shoelaces

7. clock

8. months and days

9. the cities of Serbia

10. planets

11. body organs

12. traffic signs

13. intruders in toys

14. calendar

15. things in space

16. cardinal points of the compass

17. dress me!

18. labyrinth

19. human races

20. from...to...,

21. money and a piggy bank

22. street signs

23. hands show

24. celebrations and

25. computer

Goals and results of the area Snalaženje i okruženje (Orientation & surrounding) come from the presented themes. They refer to learning the world that surrounds us through various situations. Pupils must learn how to apply the knowledge they acquire later in real life. Here, pupils will learn how to turn on-off a computer.

4.6. Sviram & komponujem (I am playing the instrument & composing)

Half of the presented 25 assignments has practical-manipulative character.

Pupils will not just play on children musical instruments they will also make ones themselves. The assignments here vary in themes and the ways they should be solved. The themes are:

1. glasses

2. bottles

3. rubber bands

4. flower pots

5. nails

6. xylophone

7. Pan’s flute

8. flute

9. rhythm of melody

10. instruments

11. folk costumes

12. animal characteristics

13. counting songs

14. complete

15. compose

16. question-answer

17. folk dance

18. listen

19. rhythmical instruments 

20. body sounds

21. music of the world

22. what is being heard?

23. lyrics

24. play!

25. season

Goals and results of the area Sviram & komponujem (I am playing & composing) come from the presented themes. Pupils should become familiar with the surroundings through Music culture, expand music literacy, use the head, body, arms and legs. On the other hand, pupils will make progress in their work on a computer they will become more confident in using a mouse moving through the areas and handling interactive keys and they will become familiar with a computer as a multimedial teaching aid.

4.7. Mislim & radim (I am thinking & working)

When we said that the project „Playing and learning computers“, among other things, represented the concept of cognitive and multiactive learning programme, we had in our minds that knowledge originates from senzomotorics. This means that the mental development of a child is much faster if a child plays and manipulates with different objects, tools and materials. This knowledge has been present in Psychology for a very long time, but learning programmes in this country have not paid attention to that at all. We devoted this whole area of our programme to the problem of practical learning and work by using a computer. All other areas also contain some practical assignments. It can be seen in the content of methodic reference book that the software is expected to be realized through work oriented teaching, which recommends beside general socialization of pupils, learning and work whcih is based on the use of arms, head, body and legs of pupils.

The area Mislim & radim (I am thinking & working) contains 25 practical-manipulative assignments. They can be classified as items made of paper or of some other didactic material (wood, stone, glass, gypsum, wool, plastic and other materials). The themes are:

1. glass

2. ship

3. swan

4. carp

5. fox

6. clown

7. top

8. merry-go-round

9. dog

10. time

11. 8th March

12. snowflakes

13. pumpkin

14. telephone

15. kite/dragon

16. dough houses

17. Easter

18. print

19. vitrage

20. weather vane

21. windmill

22. Saint Sava

23. little stones

24. helicopter

25. theatre

Each assignment is one algorhythm, a logical series of operations, a smaller or a larger number of activities which lead a pupil from initial idea to acquiring the content or presented theme. This means that a pupil has all the necessary didactic material and he/she follows the work instructions. The work can be organized individually, in pairs or groups, which depends on the wish, talent and affinity of a pupil, organization of teaching and the number of available computers and space. The work speed is adjusted to one’s abilities, the assignments are not time limited, and the teacher is an advisor and helper.

Goals and results come from the themes and contents of work and they refer to the development of manipulative skills of hands,pupils becoming familiar with various materials, broadening perspectives and the respect of work algorhythm. Pupils must realize how important it is to be precise and follow the instructions during their work in order to achieve good results in solving presented assignments. Apart from that, pupils improve their work with a mouse and learn about printing. 

5. Libraries and thier purpose

Libraries of drawings and sounds are equally intended for pupils and teachers. They are taken out of the educational software and they can be used for various purposes.

5.1. The Library of Drawings

The library of drawings contains more than 1000 units. The drawings have been done in Flash Macromedia 8 programme. If you want to use them, you must have this programme installed in your computer.

The drawings can be used in their original form or they can be changed and adjusted to pupils and teachers’ needs.  Here, we are going to mention only a few of them.

For example, teachers can use the offered drawings while preparing their lessons. It is possible to use different didactic material, worksheet, tests, illustrations, boards, posters, wall newspapers, presentations etc. within curriculur and extracurricular activities.

5.2. The Library of Sound

The library of sound contains more than 1000 sound units. They can also be used for various purposes by pupils and teachers. They can especially be used in Music lessons as a background for various animated sequences, presentations and programmes, for the needs of internal TV and radio station, drama clubs and plays...

6. The purpose and application of the presented software

First of all, this educational software is intended for pupils and teachers in the first class of primary school but it can be used in other lower classes as well. Acquiring some basic knowledge of the presented areas, pupils learn how to work on a computer at the same time. Computer work along with the educational software „Playing and learning computers“ has its practical application in all school subjects that we have previously mentioned.  Of course, it does not cover them completely but it is rather used as additional teaching material. However, with its wide approach, variety of presented areas, themes and assignments, our educational software completely covers the optional school subject „From Toy too computer“ which is taught in the first class of primary school.

7. About methods and forms of work

While we were planning the development and application of the software, we could not rely on any experience in our educational and scientific practice. Certain foreign knowledge was available but not much useful. The only thing we could do was to check our theoretical knowledge in practice and to find some new methodical solutions. This is especially important because we are often limited by different subjective and objective circumstances of our work like: number and previous knowledge of pupils, number of available hardware and software, teachers’ skills, available didactic material, time, space etc.

The presented model of multimedial teaching is to be accepted only as a basis for the start and not as a ready-made recipe because you are the one who knows best what your working conditions are like. 

The forms and methods of work depend on the work content. While arranging the content of the educational software, we used three cybernetic methods:

1. problem method

2. analytical – synthetical method and

3. the method of attempts and mistakes

A teacher directs pupils to look at the assignments and solve them according to the suggested methods: (1) there is a problem which should be solved; (2) analyze it and find a model for its solution and (3) check if the solution is right by the method of attempts. In case of failure, look for new models until the final solution. With most of the assignments, this process is much easier because of the „helper“. 

Our idea is to realize multimedial teaching model „Playing and learning computers“ as the work oriented teaching (WOT) which recommends the general socialization of pupils (that is why we suggested the model of communication „everyone with everybody and everybody everything“) through the harmony of work and learning. Although WOT favors individual work of pupils (one pupil=one computer), we must take into consideration the conditions in schools : a number of available computers, didactic material, pupils’ interests, teachers’ readiness to adopt this kind of approach to work, space etc. and suggest the model of learning=work in work units where pupils can choose either to work in a pair or a group, to communicate among themselves, to exchange experience, compare results and compete. The model of WOT has six stages and multimedial teaching model should be built into their algorhythm.

The model of communication „everyone with everybody and everybody everything“ means that pupils have the possibility to communicate, cooperate, compare their results, compete and test their skills in all activities according to their interests and abilities.

Work units are actually work places and their number depends on many factors. At such places pupils could do the same or different assignments or activities. They can have their permanent work place, activity or assignment, and go round, compare the results, cooperate and compete during its realization. For example, to increase the dynamics and motivation of our pupils, we can introduce so called rotating work units where students can do different assignments, at different work places, exchange places and compete among themselves...

The concept of teaching strategy that we have chosen within our educational software means that we have presented all the contents in the range of purely algorhythmic forms        (strict respect of instructions) to the poliheuristic model (gives a pupil the possibility to be an individual) which is used to improve the development of complex thinking processes and manipulative skills of pupils’ hands.

Teachers are expected to do a lot of work and preparations not just before they start applying this model of work but during its whole course. About the rezults of the application of this educational software you cam see more in the article: „Učenje rešavanjem problemskih zadataka i obrazovni softver kao podsticajno nastavno sredstvo u razrednoj nastavi“ (Hilčenko, 2007).
8. Conclusion

Learning programmes are very rarely accompanied with any didactic-methodic instructions for their practical use, so teachers hesitate to apply them in their teaching. The application frame of our multimedial teaching model, methods, forms, strategies of teaching and model of teaching and communication are intended exactly for teachers. It understands a series of solutions, methodic demands and suggestions which must be found in order to apply the presented educational software efficiently and it also represents the concept of ID or rather its frame which leaves teachers to organize, control and manage the work with multimedial teaching model according to real conditions (material-technical, space, number of pupils, interests, wishes etc.). We hope that you will recognize at least a part of those demands in our efforts and that you will recognize us as a worthy partner. 
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