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ABSTRACT 
In this paper, we describe the use of Tangicons, non-
electronic physical programming cubes for kindergarten 
and first grade children. Tangicons have been developed 
with the help of kindergarten children during various ses-
sions of observing, playing and talking to them. Most tan-
gible computing environments are too complex for young 
children. We developed an appropriate educational envi-
ronment on a pedagogical basis resulting in easy to use 
tangible bricks, integrated in a physical game. Tangicons 
are haptic programmable bricks for programming a se-
quence of operations. Their symbol design is related to real 
world objects. With Tangicons, children are able to learn 
first steps of programming in a playful way. 
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INTRODUCTION 
Since more than seven years through the KiMM-Initiative 
[23] we are concentrating on the design and development, 
testing and evaluating of programming environments for 
school children. We investigated especially, whether an 
additional pedagogical benefit for elementary school chil-
dren in the age of 7 onwards emerge and whether these 
young children learn to program interactive systems 
themselves [20] [21]. We ask the question, whether it is 
appropriate to teach kindergarten and first grade children, 
in the age of 5 and 6 to program interactive systems. And if 
it makes sense, how should the interface look like? In order 
to answer these questions, we analyzed a variety of devel-
opments of many research groups and build systems our-
selves over the last 7 years. 
It turned out, that in the majority of cases computing envi-
ronments for programming are too complex for 5 or 6 year 
old children. To be more appropriate, programming has to 
be linked to the physical environment, to props [11] and 

eventually to phycons, objects for tangible programming 
[6]. However, certain problems arise from this approach. 
Should specific interactive objects be created? And even 
then, are children in kindergarten or first class able to han-
dle the highly abstract task? Dealing with these questions 
and examining solutions of other researchers we attempt to 
develop an appropriate educational environment with easy 
to use tangible bricks, integrated into a physical game. This 
paper describes the tangible user interface (TUI) called 
Tangicons, which has been integrated into a role-playing 
game, allows for fine as well as gross motor skills. The 
environment is designed for educational purposes, to intro-
duce children of the age between 4 and 6 into program-
ming, collaborative work and reasoning. It can also be ex-
tended for further educational purposes by adding more 
functions. 
Children begin their lives without any specific abstract 
knowledge and therefore have to learn everything from 
scratch. They interact with the world to develop their cog-
nition [1] [14] [16]. From the second year onwards, some-
times even earlier, they learn to speak a language, but only 
at about the fourth year they can handle the double repre-
sentation and figurative thinking [2]. Tangicons make it 
possible to understand first steps of programming and 
therefore are the ideal teaching aids to show young children 
correlations between programmable bricks and their re-
sults. They can be used in different ways and provide an 
increasing level of difficulty. The first part of childhood is 
known as the oral phase. After that, children begin to feel 
and handle their surrounding. This behavior is very impor-
tant to them. They have to negotiate and act by themselves 
in order to learn. During this stage they acquire language 
by connecting all kinds of objects to words. They begin to 
interact with the world and learn new languages by grasp-
ing things and naming them. At the end of the first stage of 
development, the preoperational phase, a child is able to 
reason. At exactly this stage, when children are still in the 
stage of understanding their surroundings by grasping 
things but also develop first thoughts about logic relations, 
the foundations for programming should be set. It is very 
important to foster this as early as possible, because every-
thing a child really understands can later be applied to simi-
lar problems. As for the ability to speak a language without 
any accent, it is too late to set the basis for a new language 
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at an advanced age. The ability to understand the world by 
handling physical objects is decreasing continuously with 
late childhood or early adulthood. At a young age children 
use their sensor-motor skills to explore the world. They 
need the reference to the physical world in order to learn. 
In terms of the pedagogic of Célestin Freinet children un-
derstand (e.g. mathematics) by handling, arranging struc-
turing and counting objects. Thus they have the ability to 
visualize mathematics and physically take hold of it. Physi-
cal objects, like stones and pebbles, which children can 
touch and explore with their hands, help them to refine and 
stabilize the already acquired knowledge. Renowned peda-
gogues like Friedrich Froebel, Maria Montessori, Célestin 
Freinet and Jean Piaget have propagated this approach to 
physical bound teaching for a long time. This knowledge 
about learning habits of children can be used to foster logic 
and abstract ways of thinking and even first programming 
experience. Programming is similar to learning an abstract 
language. If we start very early to teach first programming 
skills in a playful manner, it is easier for children to learn 
complex programming languages and reasoning later on. 
More and more elementary and nursery schools begin to 
teach languages at an early age and for the same reason a 
basis for computer scientific way of thinking should be set. 
Tangicons can support this process. We thought about a 
way to get kindergarten and first class children interested in 
programming. For the 5 to 6 year old children the Tangi-
cons are kept very simple but upgradeable. In later versions 
the level of difficulty can be increased for older children 
step by step. Thus the younger ones can learn the basics 
and the older ones can learn more advanced programming 
methods.  
This paper describes a first prototype of non-electronic 
tangible programming bricks, called Tangicons, which can 
trigger many functions with the help of a LEGO RCX and 
a digital camera. We begin with a description about related 
work in the fields of Ubiquitous, Visual, and Tangible 
Computing. Before we show the process and the results of 
the development of the Tangicons with teachers and 
kindergarten children, we show the structure of the whole 
system.  
RELATED WORK 
Ubiquitous Computing  
Very important for programming with children is the fact, 
that we have to get rid of the computer in the sense of a 
machine developed for office work with a keyboard, screen 
and mouse. Computers are difficult to use and master for 
young children and standard applications have too many 
integrated functions, which will confuse the young users. 5 
to 6 years old users feel overburdened by these computers, 
where still technology is in the visible centre of attention 
[13]. Tasks cannot be fulfilled in an efficient way, because 
the design of the devices has not been optimized for this 
purpose. During the late 80s Mark Weiser coined the 
notion of Ubiquitous Computing at the Xerox Palo Alto 
Research Center (PARC) changing the perspective [19]. 

Ubiquitous Computing expects that future technology will 
act unseen in the background. There is no need for the user 
to bother with the technical aspects. Instead of such 
complex general purpose computers there will be 
information appliances, each constructed for a specific 
purpose. These appliances shall be based on three 
important aspects. First of all they should be kept simple. 
The complexity of a tool should be in accordance with its 
purpose. That means that there is no need for further 
functions, which would only distract the users. Technology 
should disappear, because it is not important for the user of 
an appliance to see how it works, only that it fulfils its task. 
The second aspect is about versatility. All appliances 
should be designed in a way, that they grant the user new 
and innovative interactions and applications. The last but 
not least important aspect is pleasure. All devices should be 
fun using them [13]. Ubiquitous Computing takes the 
human being to the centre of interaction. The computer 
serves just as an extension of humans, designed for support 
[9]. What is essential for the adult everyday user is even 
more essential for children at 5 or 6 years. We need easy to 
use interfaces, but computers have difficult input devices 
like a mouse and keyboard. They prevent the children from 
doing collaborative work because only one or two children 
can effectively work together in front of one monitor. This 
is another reason that the computer has to disappear and act 
unseen in the background of a social setting. 

Tangible Computing 
The highest level of programming is seen in complicated 
functional or object orientated programming languages like 
Java or C. They require a high level of knowledge and 
abstract thinking and are not easy to learn. There are also 
scripting and macro languages, which are easier to learn 
but are restricted and still quite complicated in their usage. 
Visual programming languages are said to be easier 
because of their iconic user interface. Each module or 
program part can be seen and directly implemented in the 
existing program. Because of the iconic character of each 
module, they are easily recognizable and their function 
seem to be clear at first sight. This kind of programming is 
much more suitable for young children but still quite 
complex. Today there are new possibilities given by 
miniaturized devices and wireless connections. They make 
the user independent of the main computer and open up to 
new options of input devices especially tangible ones. The 
rather new approach of tangible computing has been 
proposed mainly by Hiroshi Ishii [7]. The knowledge of 
visual computing is taken, simplified and modified to get a 
quite new experience of programming. You can see and 
touch your programming modules, which creates a totally 
different relation to a program. A tangible programming 
environment is usually not as complex in programming as a 
visual or even non-visual programming environment. Too 
many tangible bricks would make it too complex to handle 
and therefore unusable. Because of their simplicity, they 
are mainly used for educational purposes to inspire 



children to do programming. The children define the 
sequence of statements and explore the results. Thus the 
computer does not function as a black box anymore [17]. 
There is a very good example for tangible interfaces by the 
game “On the design of Camelot, an outdoor game for 
children” [18]. Here, children work together in a 
collaborative way to build a castle with virtual resources. 
They run around a lot between the construction site and 
their building blocks and make use of modern technology 
that is hidden in the background. Children have a lot of fun 
playing this game. But here the black box is still present. 
The children cannot get to the bottom of the technique. Our 
approach is similar to the Camelot game but it focuses 
more on setting the foundation for algorithm and opening 
the black box for children. 
There are many approaches concerning tangible computing 
and it is discussed whether it is useful or not, considering 
complex programming languages. It is very difficult or 
sometimes even impossible to take a general purpose 
programming language and make it tangible. But the 
design of a reduced tangible programming language is 
certainly sufficient for many educational purposes. Yet 
only a few studies refer to programming for children in the 
age of 5 or 6. The younger the children are, the more we 
have to leave abtractions and complexity. But even in its 
simplicity of structure, this kind of education provides a 
foundation for increasingly more abstract and complex 
tasks. Children have to program themselves and get 
involved with their own ideas [4]. 

Tangible Programming Devices 
Tim McNerney developed the “Tangible Programming 
Bricks” [10]. They are based on LEGO bricks with 
included electronics based on the Cricket technology. The 
Tangible Programming Bricks are an easy way to program. 
The user has the ability to program all kinds of everyday 
devices like microwaves or toy cars by sticking different 
programming cards into the bricks and piling them. These 
bricks include different parameter cards for the various 
actions. They are better suited for older children or adults 
than for kindergarten children because programming with 
those blocks is still quite abstract. A difference between 
this programming device and the next two presented 
devices to the Tangicons system results from the integrated 
electronics. Tangicons do not need expensive integrated 
electronic parts. They just need a base of electronic parts 
for image processing (a digital camera and imaging soft-
ware) and they are arbitrarily extensible without much 
further expenses. A relatively new project of Michael Horn 
is Tern [6]. Tern is a tangible programming language for 
middle school and late elementary school students. It 
consists of wooden jigsaw puzzle like pieces that can be 
connected to each other. By choosing different shapes of 
connectors, the possibility of programming with syntax 
errors was reduced to a minimum because some illegal 
programming sequences cannot be made. Like Quetzal or 
Tangicons, Tern uses non-electronic tangible bricks that 

have to be photographed and then are processed by a 
computer. The Tern language lets the students control 
virtual robots on a projection screen. FlowBlocks from 
Oren Zuckerman are digital “Montessori-inspired 
Manipulatives“ that encourage children in the learning of 
abstract structures [22]. The computationally enhanced 
building blocks foster educational concepts related to 
counting, probability, looping and branching. Children can 
connect the blocks and see how the power flows from the 
generator block through their path. They can install lights 
and counters to visually enhance their program and see the 
results. There are three other projects that had influence on 
our Tangicons. One of them comes from Peta Wyeth who 
designed Electronic Blocks with integrated electronics for 
children between three and eight years. They are based on 
LEGO Duplo Primo Bricks and can be piled for triggering 
different actions. Like our Tangicons, every block has 
another outcome but there is not the possibility of laying a 
sequence of directives. Another very interesting project is 
the Display Cube project [8]. The Display Cube is a small 
wooden cube with integrated acceleration sensors for 
gesture recognition, gravitation sensors for recognition of 
the spatial state, and a display for each side, respectively. 
In field tests it was used for learning of vocabulary and to 
foster three-dimensional imaginative power. The cubes 
have no buttons for input and the only way of interaction is 
made through gestures like shaking the cube. Although not 
obvious at first sight, those gestures are very easy to learn. 
Cubes are known from early childhood and it is already 
clear that there may be information to be found on every 
side of it. Thus the users can handle them intuitively. 
Tangicons take advantage of this feature, too. The third 
project is AudioCubes. By moving around four cubes on a 
glass table the user of the interactive installation can shape 
his own soundscape. A camera is tracking the positions of 
the bottom icons of the AudioCubes. According to their 
position and icons the cubes can trigger different sounds 
like drums, base, lead or string in the corresponding 
positions of the room. The idea of cubes with symbols on 
them is similar to the Tangicons design, but instead of 
having a fixed camera below a table used for picture 
recognition, we use a small digital camera to keep the costs 
low and provide high portability. 

Visual Programming 
It does not cost much time and knowledge to learn the cur-
rently available visual programming languages in the toy 
and game markets and even non-professional programmers 
can learn to visually program and have the unique chance 
to develop their own ideas within a short time. The game 
industry, for example has discovered the wide range of 
possibilities that open up to a wide range of users, who can 
program their own toys. It are not only children who use 
visual programming to modify their toys, even a lot of 
adults use the same tools as the children, which satisfy their 
needs. Very good examples of visual programming are 
LEGO Mindstorms Robolab and the new version of NXT 



software. They are sold worldwide and have many users 
from relatively young students to adults. Robolab is a vis-
ual programming language designed for programming the 
LEGO RCX. There are also some other visual program-
ming languages like LogoBlocks or PicoBlocks that will 
not be discuss in detail here. They are used for the pro-
gramming of microcontrollers, but they are too complex 
and abstract for young children. The symbols used are too 
abstract and there are too many of them. Visual program-
ming has also several disadvantages because everything is 
programmed directly on a computer. Children with their 
small hands, having not yet developed fine motor skills, 
have difficulties in using mouse and keyboard for interac-
tion. Also collaborative work is hard to realize when work-
ing on a computer. Therefore children are forced to work 
individually. Those disadvantages led to Michael Horn’s 
project Quetzal at Tufts University. He observed students 
who programmed with the visual programming software 
Robolab and saw that they sometimes had difficulties with 
the input devices mouse and keyboard. He came up with 
the idea to make the interface tangible and developed a 
software based on some functions that Robolab implements 
and also tangible bricks that represent exactly the functions 
of that specific software. The bricks had no electronics 
inside, which made them quite inexpensive. They had small 
symbols on them for picture recognition, the so called 
Spotcodes. Spotcodes are round, black and white 42-bit 
codes with two bit-date-rings each capable of 21 bits [3]. 
They can be decoded by image processing software for 
further processing. The only expensive electronic parts 
needed were a computer and a digital camera. After con-
necting the bricks and forming a program, the students had 
to take a picture of it. The Quetzal software recognized the 
sequence of the Spotcodes in that particular picture, trans-
lated them into RCX code and transferred the code to the 
LEGO RCX. The Quetzal project gave us important ideas 
for our own project. 

 
Figure 1: Quetzal bricks 

Development 
We thought about the purpose of our system, what tasks 
should be accomplished and what problems the users might 
encounter. The approach was different than for normal 
software projects. Usually there are users in need to solve 
problems or tasks, who ask for software that could help 
them. Here we have child users who have no specific goals. 
We want them to accomplish or learn with the help of our 
product. The Tangicons system is not meant to solve 
difficult problems. So far in this paper the importance of 
play has been mentioned at several points. It is not 
important for the system to serve a purpose but to motivate, 
to intrigue and to socialize children. We concluded that in 
our case the five points below are the most important ones 
for educating kindergarten children:  

1. collaborative working;  
2. programming; 
3. reasoning and reflecting about acquired knowledge 

and skills; 
4. training sensor-motor skills;  
5. using multiple senses.  
We took a closer look at the Quetzal project [5]. It was a 
good idea to make the programming bricks tangible, but 
programming did not seem to work for very young chil-
dren. We thought about the reason and came to the conclu-
sion that the icons he used were too abstract for young chil-
dren. The tangible bricks represented exactly the visual 
version of the Quetzal computer program. Programming 
with Quetzal is very close to programming with Robolab. 
But young children have problems with deciphering those 
abstract objects because they do not have any relation to 
their real life objects. They need tangible objects, which 
can be recognized at once. We decided to adopt the idea of 
Tangible Quetzal with a new approach of making tangible 
programming bricks with a new pedagogic background. 

 
Figure 2: Final Tangicon cube 

In the center of our system are the Tangicons. They are 
influenced mostly by ideas of Froebel, Montessori and 
Freinet who mentioned the significance of practical work 
for children. Children learn by handling objects, grasping 
things and working actively on tasks with the help of all 
their senses. We wanted to create tangible bricks, which 
could be easily recognized even by very young children. 
They should appeal to different senses like visual, haptic, 
and auditory senses and have symbols close to real world 
objects. But more than just our planned tangible bricks 
were needed. By thoughts based on Montessori and 
Freinet, we came to the conclusion that we needed a given 
framework for the children within which they are allowed 
to follow their own ideas. They should not be restricted to a 
certain given exercise. We needed more than one kind of 
task, so that the children can decide themselves which kind 
of task field suits them best. It is best not to interfere too 
much in the learning process, but to provide the children 
with the needed materials. We give guidance with our tan-
gible system, but do not take a significant role so the chil-
dren still have the freedom to choose and to develop in 
their own way. We needed more diversity of tasks and also 
an appropriate attractiveness of the environment for the 
children was necessary. The learning effect is best if some-
body is interested in what he or she is doing. In order to 
keep their attention on the bricks the children needed a 
product they could program and in which they were also 



interested. We wanted the children to have fun in their ac-
tivities with the side effect of learning. 

GAME DESIGN 
“The Wizards Tower” 
The materials used for the Tangicons system are 
inexpensive. For a full set of material for the Wizard’s 
Tower game we need the following: 
• 2 x 6 (12) Tangicons (including start and stop)  
• 1 digital camera (wireless in future versions)  
• 2 LEGO RCX (NXT in future versions)  
• 2 x the same amount of building bricks for the towers  

 (we used 2x 120 bricks)  
• LEDs with different colors integrated into a box  
• modified Quetzal software 
• 1 laptop (or other computer) placed in the background  

 

 
Figure 3: A photo transfers the program sequence via  

laptop and IR transmitter to the RCX in the box 

 
Figure 4: Box with 2 RCX and LEDs 

The game is based on very simple rules. There are two 
groups of Wizards competing with each other. The two 
groups comprise of four children each. Every group has the 
same amount of bricks to build a tower and every brick 
must be used until there are no more left. The group, which 
finishes first building the tower, has won. There are some 
rules which prevent from making the building of the tower 
too easy. “The Wizard’s Tower” deals with little wizards. 
The children slip into the role of modern wizards who get 
the instruction to build a tower for their mighty wizard par-
ents. The wizard family who finishes the tower first will 
rule the wizard land. Thus the groups of competing little 
wizards try to enchant each other with the help of Tangi-
cons. The enchantment of a group means that they are pre-
vented from building. But they have the possibility to break 
the spell - again with the help of Tangicons.  

 
Figure 5: Game setting 

The Game 
For the game setting it is important to mind some aspects. 
Cognitive development is accompanied by motor develop-
ment. The cognitive development process improves with 
exercising the game. Additionally, children have a great 
need for movement. Young children at the age of 4-5 can-
not concentrate on cognitive work for a long time. They 
need to have breaks to move around. That is why there are 
stations of enchantment (where the Tangicons are pro-
grammed) and the bricks for the towers are on distant 
places. Each group consisting of 4 children has a base sta-
tion for programming and another station as the construc-
tion site for the tower. Both programming stations are posi-
tioned side by side but none of the groups is able to watch 
the others programming. Nevertheless they can see how far 
the other group has set up the tower. Starting from the pro-
gramming station, for every group there are the building 
bricks for the tower at a distance of about 5 meters. Be-
tween the base stations of both groups there is a box with 
the 2 RCX in it and 2 times 3 different colored LEDs. At 
the beginning, all of the 8 participants are located at their 
base stations. Each group has received a kit of 6 Tangicons, 
including start and stop. The Tangicons have different sym-
bols. One group is selected to begin the game. This group 
is preparing together the enchantment with their Tangicons, 
while the other group has to wait for the blinking lights that 
are triggered by the spell. The wizards need their Tangi-
cons kit for enchantment and disenchantment. By laying a 
sequence of Tangicons they can trigger an enchantment. 
For example they can lay the sequence: 1 second yellow 
light, sound, 5 seconds red light, 1 second blue light. The 
given number of Tangicons restricts the number of tasks to 
4 at a time, because it is too difficult for the children to 
remember a more complicated sequence. Now the second 
group is enchanted by the spell and is not allowed to build 
the tower as long as the spell is not broken. To break the 
spell they have to remember the given sequence of the en-
chantment and try to code exactly the same sequence with 
their Tangicons. In the meanwhile the first group is al-
lowed to build their tower. For building the tower, the chil-
dren have to run about 5 meters to the station with the 
bricks. They are only allowed to carry one brick at a time 
to the construction site. If the spell of the second group is 
broken, this group has to enchant the first group in the 
same way they did. The groups take turns until one group 
finishes building their tower with all the given bricks and 
wins. Each part of the game was tested during the design 
phase with children. It was important to know in advance, 
how long the distance between the building bricks had to 



be, how many bricks each group needed and how many 
bricks the bringer was allowed to carry at a time for a good 
workflow. We observed the children building the towers to 
see how long it takes and if programming with the Tangi-
cons in-between building was possible. It was important to 
see how the children get along with each working step and 
if there were still problems within the game model. With 
this method we could react to the behavior of the young 
users and quickly adjust to their needs within our design 
process. This formative approach saves a lot of work and is 
better than changing a system after completion. During the 
game the children learn to understand that there is a con-
nection between the programming bricks and their self 
made program. Watching them play with a prototype for 
the first time, we were surprised that one kid understood 
the idea of programming with the Tangicons at once after a 
brief introduction. He took the start cube followed by a 
sequence of lights and one sound and a stop cube, and ex-
plained to us what will happen. Then he explained it again 
to the other three children around him. 

EVALUATION 
The evaluation took place in the Lauerholz elementary 
school of Luebeck with the “Tiger” kindergarten children 
and also with a first class of the Paul-Klee primary school 
of Luebeck. We worked with interviews, because the chil-
dren were of course not able to read or write, and with 
written notes that were taken during play. We also placed a 
set of 2 video cameras, which recorded the scene perma-
nently for later evaluation. During evaluation we spoke to 
all children (5 girls and 3 boys at Lauerholz elementary 
school and 4 girls and 4 boys at the Paul-Klee elementary 
school) separately so they would not bias their answers on 
other kid’s opinions.  

Lauerholz School 
We discovered that our technically experienced kindergar-
ten children made incredibly fast progress during play. In 
the beginning they behaved very restrained and were not 
sure what to do. First they needed about 4:30 minutes for 
casting a spell with our help. Then they could not concen-
trate on the blinking lights and sounds and tried to do 
something with the cubes, not knowing exactly how to 
handle them. While giving them little instructions, they 
managed to “break the spell” in about 3:10 minutes. Only 
after a short period of time after these first attempts they 
realized how to use the Tangicons and the time to decipher 
the spells and reconstruct them was shortened. The first try 
took about 50 seconds (not including picture taking of 
about 40 seconds) but was unfortunately wrong. The time 
to fix this mistake was only 12 seconds for programming 
and 20 seconds for taking the picture. Bewitching the other 
group still took about a minute (including taking the pic-
ture). The children thought about their spell very properly 
instead of saving time. During the second round the chil-
dren became faster. The time for breaking the spell, includ-
ing picture taking, dropped down to between one 1:00 and 
1:20 minutes and was solved mostly at first try, though it is 

important to mention that these values depend on the kind 
of Tangicons used for creating this spell. If only “10-
second-light” spells are used, it is impossible to accomplish 
such times. The time for casting a spell to the others 
dropped down to about 30-40 seconds (including picture 
taking) because the children where able to find even a 
tradeoff between time consumption and difficulty of their 
spell. These results show, that kindergarten children are 
very fast learners who can understand the connection be-
tween our Tangicons and the LEDs. At first they had some 
difficulties in remembering the sequence, and had to look 
up after every step but they improved very fast, although 
they sometimes still had to look them up for a second time. 
7 out of our 8 children said that the Wizard’s Tower game 
was a lot of fun and they liked it very much. After the game 
ended, they even asked if they could play it again. Only 
one boy said that it was ok, but he did not want to play it 
again. He claimed that the running part was too hard for 
him. From the position of an external observer it sometimes 
looked like not all of the children had much fun. At the 
beginning there were only two children programming in 
the first group, while the other two members of their group 
watched them. After a while one of these children started 
watching the code again and telling the others about the 
sequence when they forgot it. The fourth child seemed to 
have fun in running and building. They all found their parts 
within the group. The second group became collaborative 
in another way. All four members counseled about pro-
gramming steps. Two laid down the Tangicons and the 
others gave advice. All of them worked together at each 
part of the game. The level of difficulty was experienced as 
medium hard and not too difficult. One girl even said that 
the game was easy for her. When we asked what kinds of 
steps were difficult, all of them agreed, that running was 
the hardest part. Two girls and one boy said that they had 
difficulties handling the digital camera but did not regard it 
as a real problem. The truth is, we helped them out to pho-
tograph. Strangely enough nobody claimed to have had 
problems with conjuring even not after inquiring. 

Paul-Klee School 
At the primary school, we had a whole class consisting of 
28 people of which the teacher picked out 8 children for 
our game randomly. The other 20 children were sitting on 
benches as spectators to the left and right side of the game 
set. Like at the other school, the children also needed a 
little time to understand the rules of the game. But the 
groups were very different. While the first group learned 
very quickly to decipher the spells by programming and 
reduced their time constantly, the second group had more 
problems. The first group needed 3:24 minutes for their 
first try, reduced to 2:05 minutes with their second try, 1:17 
minutes with the third try and then they solved the problem 
in 0:29 minutes. Not only the reduction of the time needed 
was amazing, also the number of attempts for breaking a 
spell. They had to correct their spell during the first attempt 
three times, the next round two times and after that, they 



solved everything immediately. This shows, that they really 
understood what they had to do and what they must pay 
attention to within a short time. The second group had a 
good start with 1:35 minutes to decipher the spell, but after 
that it took longer. The second attempt was 3:17 minutes 
and they had to correct the spell two times and the third 
round seemed to be very confusing to them. They needed 
5:47 minutes and five corrections. After that quite long 
attempt, they seemed to be more confident in what they 
were doing in their next round and they also reduced the 
programming time to 3:14 minutes and in the last round to 
2:00 minutes. During their last two rounds, they also 
seemed to have more fun playing the game. It took this 
group a little bit longer to get the idea behind the pro-
gramming part but after that, they improved very fast. De-
spite the fact that children have different intellectual per-
ception and therefore the groups are not equal, the scenario 
shows that both groups improved a lot during play. One 
thing we noticed was that the spectators got to know the 
game play quite fast only by observing the others. They 
sometimes said to the players what they had to do and gave 
them advice. That gave us the idea, that it is even possible 
for larger groups to play the game without much prepara-
tion. The groups can be switched easily, because the spec-
tators already know how to play the game, only by observ-
ing the others and therefore do not need further introduc-
tions. 

 
Figure 6: Playing the game at Paul-Klee School 

Like the children of the kindergarten, all of them wanted to 
play the Tangicons game again. We even had to play 20 
minutes longer during their break and their next class. Two 
of the boys, and three girls said the Tangicons game was 
great. The other three children thought it was good. Except 
one girl and one boy who just enjoyed playing a little, all of 
them had much fun playing the game. Even the boy who 
found the game itself moderate had fun playing it. The dif-
ficulty of the game was experiences as moderate by one 
boy and two girls. For the rest of the children it was quite 
easy to handle. When asking them, what they found diffi-
cult about the different game parts, the given answers also 
where similar to the other school. Three girls and one boy 
said that running was very strenuous and one boy said that 
also the programming was not very easy for him. Besides 
some technical problems, the game was very well accepted 

by the children, which manifests in the fact that they even 
wanted to spend their break in order to play a bit longer. 
With a more fluidly game play the children would probably 
be even more enthusiastic about it. 

CONCLUSIONS 
As a result it seemed that the children themselves were 
pleased with the game, except for a few technical difficul-
ties. One of the most disturbing errors resulted from han-
dling the digital camera very abrupt. We did not know 
about this problem until the children played with our 
Tangicons. When adults handle a camera they take a little 
more time with it. In our case the 1/125 sec. shutter time 
was absolutely sufficient and worked for us adults in sev-
eral tests without a problem. Children on the other side put 
the camera down immediately after having shot their pic-
ture. In that case, the 1/125 sec. shutter time results in very 
bad picture recognition with approximately 80% failure. 
Therefore the shutter time had to be decreased to at least 
1/200 sec. or more. But then the taken picture gets darker 
and it is also hard to recognize all of the Topcodes. A 
higher picture resolution would probably help a little, but 
doubles the processing time to about 15 seconds. However, 
the second disturbing part we discovered was the commu-
nication between our hardware. We did not expect that the 
USB cable from the digital camera and even more the in-
frared communication between the LEGO RCX and the 
tower could be disturbing. The cable was sometimes hang-
ing in front of the camera and we had to help the children 
with that. As children are very agile, they often tend to 
jump between the tower and the RCX, disturbing the com-
munication. After telling them not to do so, we could go 
on, but it mutilated the natural flow of the game a little. 
The internal speakers of the RCX are too quiet. The chil-
dren had difficulties in telling when the code was uploaded 
to the RCX and also often missed the beeping sound of 
their spell. It would be better not to use the internal speak-
ers or replace them by others. At last we would also rec-
ommend not to use such a heavy and big digital camera 
like the one we used (Canon Powershot S40). Because of 
their small hands, it is possible for children to handle this 
camera, but with some difficulties.  
Besides some need for improvements in game play and 
wireless connection, the Tangicons project was accepted by 
its young users. The evaluation shows, how fast the chil-
dren learned by improving their gaming abilities with 
Tangicons. The game we invented is just an example for 
what can be done with Tangicons. One can totally change 
the story and actions according to certain goals. It is only 
restricted by fantasy, inventing other games with Tangicons 
that trigger effects, move objects or react to input. Tangi-
cons can be used for many different purposes related to 
programming for young children. For example the whole 
Tangicons gaming structure could be changed for using the 
Tangicons blocks for memory tasks, where long sequences 
must be memorized. Arithmetic functions are implemented 
in the Quetzal program too and just have to be adapted to 



the Tangicons system, if needed. All in Quetzal predefined 
and later added functions can be used with Tangicons but 
we decided to stick to programming for kindergarten chil-
dren with our prototype and therefore keep it simple. The 
graspable user interface of the Tangicons gives personal 
multi-modal experiences by handling the wooden cubes 
and therefore supports a deeper understanding of pro-
grammable technology through actions, which are abstract 
(virtual) and physical (real) at the same time. In this setting 
the computer (the standard box with keyboard and screen) 
disappears completely [15]. It is invisible to the children 
while programming. The children themselves dominate the 
computer: they write a simple program in lining up the 
physical objects as defined by physical icons (phycons). 
Because of the individual learning with digital, interactive 
media in an playful way, involving gross- and fine-motor 
skilled activities and in context symbolic and rudimental 
algorithmic thinking and acting there is not only a high 
motivation for the children and a better understanding of 
abstract information, but also a natural reference to 
individual experiences and actions in collaboration with the 
other children.  
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