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input device we therefore chose an isotonic device with posi-
tion control in the form of a human-shaped prop on a board.
[SGHF05] have already shown that this kind of device is
very well suited as input device for mentally challenged chil-
dren navigating in a 3D world. Section4.1details our input
device.

We then developed and implemented four different strate-
gies for navigation which varied in the way the environment
is structured and in the way the user movements are mapped
onto movements in the virtual environment. The strategies
differ particularly in the way the transgression from one
layer of the virtual environment to the next is handled. This
was done to identify the strategy best suited for the spe-
cial needs of the mentally handicapped users. Sections4.2.1
to 4.2.4give an overview over each of the four navigation
strategies.

4.1. Input Device and System Hardware

Our prototype system was derived from the one used by
[SGHF05]. It consists of a personal computer system run-
ning Linux, a monitor and a Wacom Intuos2 A3 pen tablet
with an active area of 300 x 450 mm. The corresponding
drawing pen was built into a wooden prop depicting a per-
son as shown on Figure3. A button was integrated into the
hat of the �gure. Interaction is realised by moving the prop

Figure 3: 1) The prop from the outside, 2) the pen with a
button wired to the hat of the prop. The coil at the end of the
pen is tilted to better measure prop orientation.

over the tablet as seen in Figure4, with the whole of the
tablet representing the current layer in the virtual environ-
ment. The movement of the prop is translated into the move-
ment on the layer, e.g. the current room. The board is sur-
rounded by a wooden frame with six indentations denoting
entrances or exits, one at the top and bottom and two at the
left and right side respectively. The software was written us-
ing the Avango framework [Tra99].

Figure 4: The prop on the board.

4.2. Navigation Strategies

The following sections describe the navigation strategies we
devised for navigation with the prop on the board in a virtual
environment.

4.2.1. Staircase Scenario

In this scenario (Figure5), the movement between layers is
emphasised by a staircase which has to be used to reach an-
other layer, e.g. enter a building or move from the hallway
into a room. To this end, a wooden boundary is positioned
near the frame of the board, equipped with one exit door
at the far end and �ve entrance doors at the front.The user

Figure 5: Navigation through the staircase scenario. 1) on
the street, 2) in the hallway after entering a house, 3) on the
staircase after leaving hallway through exit door, 4) second
hallway with choice of room doors.

is �rst confronted with the �ve entrance doors correspond-
ing to �ve houses (on the world layer) or �ve rooms (on the
hallway layer or below). After passing through a door into
a building she reaches the hallway layer. To leave the hall-
way again, she has to pass through the exit door on the far
side. At this point, she can choose between a corridor to the
left leading back outside, or a staircase going up on the right
side which leads to the next level. Following the stairs she
again is standing in front of �ve doors, this time symbolis-
ing room doors and visualised as such in the virtual environ-
ment. Passing through a door she reaches a room which can
be exited once again through the door on the far side. This
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time there is a staircase on the left going down and none on
the right. Here the world can easily be expanded by adding
a staircase upwards to yet another layer of the virtual envi-
ronment, giving the opportunity for a building with a more
intricate structure.

4.2.2. Street Scenario

This scenario (Figure6) utilises two wooden boundaries at
the near end of the board, both broken by �ve doors. This
way, the board is divided into three sections corresponding
to three layers in the virtual world. The tight layout of the

Figure 6: Navigation through the street scenario. 1) on the
street, 2) in the hallway with choice of room doors, 3) in a
room, 4) only one exit door is shown when turning around.

�rst two sections restricts the size of the matching layers
to narrow corridors, the world layer is thus presented as a
street with �ve houses next to each other. Moving through
one of the doors the user reaches a hallway with �ve adjoin-
ing doors leading to �ve rooms.

4.2.3. Button Scenario

The main features of this scenario (Figure7) are the use of
a button, inserted into the hat on the prop's head for switch-
ing layers and the absence of additional barriers for walls.
The world is arranged around a central location with up to
six doors leading to other layers. In our implementation, the
door closest to the user always marks the exit, while the other
�ve doors lead to deeper levels. The user starts at the bottom

Figure 7: Navigation through the button scenario. 1) in the
hallway with choice of room doors, 2) in front of one door,
3) on the other side of the door after pressing the button, 4)
view of the next room after turning around.

end of the board. He is standing on a marketplace surrounded
by �ve buildings. Moving toward a building, he reaches the
entrance door when the prop has arrived at the edge of the
board. To pass through a door into the next layer, the button
on the prop is pressed. This initiates a change of the virtual
environment, the world layer is hidden and the hallway layer
becomes visible. The same procedure can be applied to any
transgression from one layer to the next. To go back again,
the user always has to cross the room and press the button
while standing before the bottom door of the board.

4.2.4. Position Change Scenario

This scenario (Figure8) was initially based on a Wacom
drawing board which can also act as a display. The walls
forming rooms could have been displayed on the board, with
a vibration device simulating collisions with walls. The fo-
cus in this scenario lies on the deliberate change of the prop
position by picking it up and setting it down when prompted
by visual and acoustical clues. This omits the problem of
the prop facing a wall and emphasises the passage from one
layer to the next. The user starts at the bottom of the board,

Figure 8: Navigation through the position change scenario.
1) in the hallway with choice of doors, 2) in front of one door,
3) request to relocate the prop after entering a room, 4) view
of the next room after relocation of the prop.

where part of the wooden frame is carved out to make a
niche for the prop. She faces a corridor (made of wood or
displayed on the board) with �ve doors, one on the opposite
side and the others along the walls. The door on the opposite
end of the corridor leads to another part of the same corri-
dor, thus leaving room for a scenario with several adjoining
rooms. When crossing a door by either moving the prop into
a room or reaching the far end of the corridor, clues are pre-
sented which prompt the user to move the prop back to its
initial position. The board now represents the next layer (or
another part of the same corridor).

5. Game Concepts

This section describes the game which was implemented af-
ter evaluating the navigation strategies and chosing the one
best �tted. It consists of two different aspects: navigation
in a realistic virtual environment with transfer between 2D
and 3D world representations and the “planning task” which
users can carry out.
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5.1. Navigation

The prop was implemented as an isotonic device with po-
sition control, thus when the user moves it over the board,
the same movement is conducted in the virtual world. When
reaching the border of the board, the user has also reached
the end of his current action space in the virtual environ-
ment (usually a room wall or a door). Doors are marked by
indentations in the board frame (cf.4.1) and movement be-
tween rooms takes place as presented in4.2.3. The view of
the world is as seen through the “eyes” of the prop repre-
senting the user. Navigation can therefore take place by both
watching the virtual world on screen and blindly moving the
prop or by viewing the prop and navigating it on the board
toward a goal visible on board such as a door.

Associating a 2D representation with the real world and
using it as a navigation aid is a situation commonly encoun-
tered, e.g. when reading a map to orientate oneself. This con-
cept, successfully implemented in a more restraining way
through wooden path boundaries by [SGHF05], is picked up
here in a freer form which demands greater abstraction skills
from the user. The only navigation aids are the door positions
on the board frame and the orientation of the prop. An effort
was made to create a realistic virtual world by using photo-
realistic textures and detailed 3D models, as realism is a key
to successful learning as stated in2.1. Figure9 shows views
of the virtual environment.

Figure 9: Views of the world: the outside (left) and the hall-
way inside the home (right).

5.2. Planning Tasks

In daily life there are many procedures consisting of tasks
which have to be carried out in a certain order. For example,
to do the laundry one has to �rst sort the dirty clothes by
colour and washing temperature, put them into the washing
machine, select the desired program, start the machine and
�nally put the washing on a line. Mentally handicapped per-
sons often have dif�culties remembering the correct order of
daily activities, thus sorting tasks into the correct sequence
is a frequent exercise in special needs schools. Being able to
handle such tasks independently is a crucial prerequisite for
an autonomous life after school. We therefore chose those so
called “planning tasks” as the main objective of our game.

When starting the game, the user is given one or more
tasks to perform, e.g. “make a fruit salad”, all of which con-
sist of a sequence of subtasks. The tasks are displayed on
a bar on the left side of the view window, as seen in Fig-
ure 9. The bottom of the bar displays the name of the cur-
rent location such as “Marketplace”, “Hallway” or “Bath-
room”. The user, initially standing outside the buildings on
the marketplace, has to �rst associate the given task with the
correct building. There are �ve buildings in our implementa-
tion: home, post of�ce, apothecary, supermarket and an of-
�ce building. The “fruit salad” task is associated with the
kitchen inside the home. The user thus has to navigate into
the home and then into the kitchen. (Another implemented
task, “write a letter”, is associated with the study inside the
home.) When reaching the kitchen, the user sees a bowl of
fruit standing on the counter. Approaching the bowl, a sign
pops up which prompts the user to start the task. Signs carry
symbols in addition to text, as a large percentage of users in
our target audience are illiterate.

Figure 10: Two stages of task completion: during the game
(left) and the �nished state (right).

The planning task itself is implemented in a 2D view. The
current prop position on the board is marked with a red dot
cursor. Using the prop like a mouse, users have to drag and
drop images of subtasks into the correct order as depicted
in Figure 10. This is a one-to-one equivalent of exercises
commonly done in special needs schools. After placing all
pictures in a sequence at the bottom of the screen, the user is
prompted to continue or make corrections. If the sequence is
correct, a “well done” screen with a smiling face appears, if
not, an unsmiling face is shown. The wrongly placed images
are marked red and shift back into their starting positions,
while the correctly placed ones are marked green and stay
in place. Tasks can be adjusted to the user abilities by in-
creasing or decreasing the number of subtasks, as it is done
in special pedagogy.

6. User Studies

Two user studies were conducted for ProbonoWorld: One
during the development process to �nd the best of the four
developed navigation strategies and another after the imple-
mentation was complete to test the acceptance of the �n-
ished system and to evaluate the planning tasks. To analyse
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the navigation strategies we implemented all four strategies
in a prototypical system without sophisticated graphics and
tested them with mentally handicapped children and adults
(6.1). The result is described in section6.1.5. In the sec-
ond user study, done with the �nished system, planning tasks
(6.2) as well as handling and general acceptance (6.3) were
evaluated. Evaluation was aided by program log�les, video-
taping of users during the test phases and handwritten notes
recording speci�c occurrences.

6.1. Navigation Strategy Evaluation

A participatory development strategy was adopted in eval-
uating the navigation strategies before �nalising our imple-
mentation: Tests were conducted with 16 students at a spe-
cial education school and 14 adults at an accommodation for
mentally challenged persons. For comparability, the partici-
pants were given the same task in every navigation environ-
ment with different users passing through different scenarios
to avoid a familiarisation with the world which might distort
results.

Starting on the highest layer, the "world", users had to
�nd a room two layers below, the "kitchen". This required
them to identify the home, enter the front door, identify the
kitchen door from its doorsign, enter the kitchen and then
�nd the way out again. The hallway doors were marked with
symbols familiar to the user which showed stylised versions
of the room behind the door.

Each user tested two navigation strategies. During the
tests we collected feedback from the users, noted dif�culties
they might have in orienting themselves in the world, nav-
igating through doors and making the connection between
prop movement and movement in the virtual world. The fol-
lowing paragraphs list details of the evaluation of each nav-
igation strategy, weighing positive and negative aspects of
each.

6.1.1. Staircase Scenario Evaluation

The staircase scenario (4.2.1) required users to use a stair-
case to move between rooms and layers. Problems we en-
countered with this scenario were that there was no way
of stressing that the staircase was going up or down apart
from the visual clues. Another issue was that the wooden
"doors" could not be actually closed on the board and thus
remained open even though the virtual world showed a wall
or locked door in their stead, this was especially apparent
with users who navigated by the board and little by watch-
ing the virtual environment on screen. Also, the wooden
boundary around the "staircase" disproportionately reduced
the available space on the board left for the actual rooms.
Caused by physical handicaps users spent more time pass-
ing the stairs instead of �nding the right ways through the
houses. The bene�ts of this scenario lie in the intuitive place-
ment of the prop on the board, which is always as expected

by untrained users, a dif�culty in all other scenarios as will
be shown further on.

6.1.2. Street Scenario Evaluation

In the street scenario (4.2.2) all entrances were lined up
along a street and a corridor respectively. One major draw-
back of this scenario is the limitation to three layers, which
contradicts the idea of having an expandable virtual world
unencumbered by hardware restrictions. Another disadvan-
tage is the presence of �ve possible exit doors on the board
while there is only one shown in the virtual world which
led to some confusion, although this fact was ignored by
most participants who simply moved the prop back outside
without turning it toward the doors, thus moving backwards.
Likewise most of the user found it dif�cult that the houses
were not visible completely due to the limited view in the
small "corridors". On the positive side, this scenario has a
clear structure which is easily understood by most users who
had no dif�culty drawing the connection between sections
on the board and layers in the virtual environment.

6.1.3. Button Scenario Evaluation

The button scenario (4.2.3) required users to press a button
on the prop to pass through doors. Disadvantages of this set-
ting are logical issues regarding the placement of the exit
door, which we always placed at the near end of the board af-
ter tests showed this to be the most accepted solution, and the
fact that, after each transgression, the prop has to be moved
or turned to see the next room, as the prop's initial position
after a layer change is facing a door or wall. The advantages
of this setting are the unlimited extension capabilities as new
layers can be added without problems. A passageway might
also lead to another part of the same layer, this way it would
be possible to realise a bigger world setting with one part
of the houses surrounding one area and other houses built
around an adjoining area which can be "seen" in the vir-
tual world and reached the same way another layer would be
reached, but without a visible door. Furthermore, the whole
of the board can be used as room space. As this scenario is
the one which best balances user friendliness and technical
issues, we adapted it for the �nal version of the game.

6.1.4. Position Change Scenario Evaluation

The outstanding problem with the position change scenario
(4.2.4) are the wooden walls which have to be used. This
limits the room size on the lowest layer to less than a quarter
of the board space, which is unacceptably small given the
size of the prop. When using displayed walls, the walls can
be switched off in the last room, but this leaves the issue
of walls which the user can cross without much effort as
a vibrating force feedback system is only a clue but does
not bar the prop from crossing the wall. The bene�ts of the
scenario are the very clear transits between layers, as the user
has to make a deliberate effort to change layers, and the easy
extendability.
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6.1.5. Navigation Strategy Conclusion

In general, results varied signi�cantly between participants
due to their different handicaps. Our time measurements
show that the second run was always faster than the �rst,
which supports our observations that users rapidly compre-
hend and adapt to the operation of the system. Users �n-
ished their task fastest in the street scenario, which we as-
cribe to the fact that the board represented all layer depths of
the world at once and movement between layers happened
by simply pushing the prop through a wooden door on the
board.

All criteria used to evaluate the strategies are summarised
in Figure 11.

Figure 11: Evaluation ranking, with marks ranging from 1
to 4, with 1 being the best rank.

Navigation complexity is described through the criteria
of orientation and way �nding, associability between board
and world and navigation dif�culty. Aspects like the three-
dimensional world layout, the board space usage, extensibil-
ity and the haptic feedback make up the ergonomy category.
For each criterion, the navigation strategies were ranked
from one to four, with one being the best rating. Most im-
portance was ascribed to extensibility, because with grow-
ing world size and therefore more options to act within the
world, the possibilities for planning tasks spanning several
places grow as well. We decide in favour of the button sce-
nario as the one scenario which on average yielded the best
results in terms of user friendliness and technical issues.

6.2. Planning Task Evaluation

The general usability of our input device, the interface de-
sign and the �nal navigation strategy were tested during a
week-long test at a special education school . We especially
investigated and evaluated the ability of users to use our
system to accomplish planning tasks and their strategies to
reach a solution.

Figure 12: Time needed to complete different tasks.

24 students aged 8 to 16 participated in the following test
scenario. All students of this rather inhomogeneous group
were �rst brie�y familiarised with the new system. The stu-
dents were then parted into two groups corresponding to two
planning tasks: "prepare a fruit salad" and "write a letter".
Both tasks were provided at two dif�culty levels of either
three subtasks or �ve. One group had to solve the fruit salad
problem in �ve steps and the letter problem in three steps,
the other group vice versa. Note that the test group is quite
inhomogeneous since the age ranges from 8 to 16 years.

To evaluate our planning tasks, we measured the time it
took the students to complete a task and the number of at-
tempts it took them before completion (Figures12 and13).
An attempt was considered �nished when the user pressed
the button indicating that he was done sorting the segments
of a task and thought them in the right order. Of group 1,
who had to solve the fruit salad task in three steps, 75 %
managed the task at the �rst attempt. The letter task in �ve
steps was then completed by 84 % at the �rst attempt. Group
2 started with the fruit salad task in �ve steps, the error rate
being marginally different: 66.7 % managed at the �rst try,
two students took three attempts. All students performed the
second task, "write a letter" in three steps, without any er-
rors. We interpreted this as evidence for swift comprehen-
sion of our system. While performing the tests we observed
that many students were unchallenged by the degree of dif-
�culty of the given problem design: 81.25 % of all given
tasks were completed at the �rst try. Sixteen of the twenty-
four students were able to consecutively manage both of the
tasks without errors. Six tasks were accurately completed at
the second try. A mere 6.25 % of all tasks were completed
only after the third try. The study revealed that the form of
the planning tasks is well suited for the users, the familiar-
ity with sorting pictures to depict events in a chronological
order makes it easy for them to understand the kind of task
and thus they can concentrate on learning about the events
themselves rather than spending a long time learning about
the system. While tackling the planning tasks, navigating in
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Figure 13: Percentage of planning tasks which were solved
correctly within the �rst trial.

2D with the prop did not prove very dif�cult either, as the
users were all familiar with mouse-like input devices.

6.3. Conclusion System Evaluation

All participants of our study accepted and embraced the sys-
tem, even participants which had never used a computer
were open-minded and highly motivated. Barriers using un-
known technologies were cut quickly.

The interaction concept of using a prop on a board was
adopted rapidly. The design of the prop amused our partici-
pants and reduced reservations. The orientation of the prop
in relation to the virtual world, with the prop facing the same
direction on board as the view frustum in the virtual one,
was understood by everyone. The compact design of the �g-
ure allowed for easy handling, grasping and movement. The
input device kept intact even when dropped to the ground,
which is important given the inclination of some users to
bash the prop against other objects.

All users were able to correctly associate a given task with
a room inside the home and also correctly interpreted all in-
formational signs at the room doors, thus went to the kitchen
to make the fruit salad and to the study to write the letter.
Navigating to the room itself presented no problem, either
and the wooden indentations in the board frame additionally
allowed for easy entrance �nding. Some students were so
intrigued that they even explored every possible room in the
virtual world after completing their task. We thus presume
that the choice of navigation strategy is accommodating the
special needs of our target audience well.

There is already evidence that performance from a virtual
learning environment can be translated into real-world be-
haviour [SGHF05], we therefore assume a similar improve-
ment of real-life skills through ProbonoWorld.

7. Summary and Future Work

In this paper we presented a new media system that allows
children with mental handicaps to train their skills for ev-
eryday tasks in navigation and orientation in combination
with their cognitive planning abilities. Our intuitive inter-
action concept, which is especially important for mentally
handicapped people, employed the props on a board form of
interaction through a wooden puppet on a graphic tablet. We
developed an appropriate navigation strategy for the props
on a board approach, which also includes the possibility to
extend the world nearly inde�nitely. Subsequent evaluation
showed great acceptance among students and teachers alike.
Our system thus provides the possibility that children and
adults with different kinds of disabilities are able to train
their skills in various areas.

The participants of our study had hardly any problem
solving the tasks. In order to increase the variability and to
better measure effects of learning, further tasks of various
dif�culties should be developed and included in the study.
This would also be better suited for students working at dif-
ferent skill levels.

Another area which might provide interesting possibilities
for future work is the development of the two-dimensional
card sorting tasks into exercises realisable in the three-
dimensional real-world scenario. Performance of a task in
a 3D environment further enhances realism (which, as stated
earlier, is an important factor in virtual reality for special
education) and could also train the correct usage of the nec-
essary items, for example where to �nd the correct knobs on
the washing machine and the stove. Nevertheless, whether
even such a detailed virtual environment can serve to im-
prove real-life performance remains subject to further inves-
tigation.

We can furthermore envisage several developments to
help teachers support their pupils more ef�ciently. A feed-
back system which evaluates the achievements and the
progress of an user would be a valuable tool and could be
implemented by tracking and analysing variables related to
navigation, orientation and problem solving. An authoring
system would also allow teachers to develop new worlds and
tasks and adapt the dif�culty level to the abilities of each in-
dividual user.
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