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Abstract.

The aim of this study was to analyse the effects of manipulating the contextual cues of depth on
the accuracy of an aiming task in three-dimensional computer environment. Subjects performed a
pointing task. For this task, we used two kind of input devices : a 3D mouse and an isotonic
device. The target was a cube presented in a 3D room. The 3D context is configured by three
factors which are texture, shadow or no shadow to the pointer and shadow or no shadow to the
target. The results have shown the superiority of using isotonic input device and the usefulness
of the shadow for a guidance in a 3D computer environment.
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1. Introduction.
Recent developments for a 3D interactions showed that people had trouble in identifying the
depth of a visual scene (Wanger & al, 1992; Carr & England, 1995) when using 3D input
devices. The user identified with difficulty objects when the depth and the distance inside the
scene was important.One explanation of this finding is that sources of information signaling
depth in a given (for instance, the depth cues) may not be sufficient to indicate the full depth of
the object object in the computer 3D environment. It was observed (Gombrich, 1995; Cavanagh
& al , 1989; Puerta, 1989) that shadows significantly enhance the depth perception in everyday
reality. The shadow of objects provide hints on spatial relationships and the depth (Slater & al,
1995). Typically the 3D computer environment does not support shadows whereas the simple
task of pointing or moving to an object can be confusing when the distance of the target cannot
be easily determined within the scene or within a specific frame of reference. Shadows caused by
one object are a powerful source of information for the spatial position, the localization of an
object and depth relations in a computer scene 3D. Wanger & al (1992) showed a dominant effect
of shadows for object locations in judge task. The shadow enables users to infer both the position
and the location of an object. The gap between an object and its shadow indicates the object's
height above the ground plane. The location of a shadow on the ground plane indicates the
object's distance. We hypothesize that shadow cues provided by objects and the dynamic shadow
cues provide by the pointer influence the access to the depth and distance perception. They



enhance the guidance for pointing an object in 3D scene and the pointing performance. The user
is enabled to use static shadow informations and dynamic shadow informations to guide actions,
to achieve a particular goal and make decisions in a three-dimensional world. A relevant aspect is
that many users have little or no experience with input 3D devices to navigate in a 3D space.

In this framework, our study has a double objective. First, to determine which are the visual and
relevant contextual hints allowing the guidance of actions in an 3D environment. Second, to
study the compatibility of the traditional and isotonic input (Owl) devices during a motor activity
requiring of the speed and the precision.

2. Method
Subjects : Nine subjects with normal or  corrected vision volunteered to participate in the

experiment. They performed a pointing task in a 3D computer environment. The  right or left
handiness was controlled too. They all preferred to use their right hand in this context. None of
the subjects were familiar with the hypotheses investigated in the experiment.
Apparatus : The experimental apparatus consisted of a twenty one inches screen. This screen
was supported the 3D interface is represented as a 3D room made up of two adjacents walls, a
floor and a ceiling and a lighting whose luminosity is constant. At the interior of this scene, a
cube and a pointer are presented. The input devices are of two kinds : a 3D mouse (figure 1) and
an isotonic input device which is called Owl (figure 2). A degree of freedom was added to the
mouse by means of the arrows of the keyboard, thus the axis y is supported by the arrows (up-
down) of the keyboard. The Z and X Axes were browsed with the mouse.

   

Figure 1. The 3D mouse             Figure 2. The isotonic input device:  owl

The isotonic input device (Owl) moves with the user, and has no resistance. The device consists in a transmitter with
ultrasounds fixed on a ring and a sensor placed around the screen. It comprises the three degrees of freedom (x,y,z).
The configuration of the 3D context depends on the three following variables: (1) texture (T) comprising two modes,
squared and  non squared, (2) static shadow of the cube (C) including two degrees, cubic echo and without cubic
echo, (3) dynamic shadow of the pointer (P)  consisting of two modes, pointer echo and without pointer echo.

Procedure : Two experimental sessions were conducted. The first one was carried out by using
the 3D mouse and the second one was carried out by the isotonic input device. Before initiating
the session, the subjects were given a practice trial to be accustomed them with the response
device and the handling the input device (the 3D mouse or Owl). The subjects sat in front of the



screen at a distance of approximately 70 cm. The task consists in pointing the cube as fast as
possible. When the subject thinks of having reached the target, it validates its response by a
click (mouse down). A beep sound is emitted if a correct answer is encountered. Following this
one, the subject must reposition the pointer in its initial position , i.e. at the bottom of the screen. In
the menus of the interface, the experimenter selected properties corresponding to the selected
condition. As soon as the cube and the pointer appeared on the screen, the chronometer starts
and stop with the beep sound. For each subject the presentation order of the target and the
position of the cube was randomized. The time between the beep sound and the presentation of
the following cube was two seconds. For each experimental presentation eight conditions were
investigated: texture, shadow of the cube, shadow of the pointer and the type of input devices.
The conditions resulting from the combination of the variables presented previously. Each
subject completed a total of 160 trials For each condition, the subject performed a block of 20
trials at a time. The order of presentation of experimental conditions was counterbalanced across
subjects.

4. Results
The number of clicks and the reponse time to point the cube correctly were recorded for each
presentation and the eight conditions. A within-subjects means for all dependents measures were
calculated from the pointing time and the number clicks for each combination of texture (T:
squared vs no squared), the shadow of the cube or target (C: echo vs. without echo), the shadow
of the pointer (P: echo vs. without echo) and the type of input device (O: 3D mouse or owl). For
each dependent variable, an ANOVA was performed on a subjects x texture x shadow of the
cube or target x  shadow of the pointer x type of input device. The ANOVA performed on the
pointing time reveals the presence of a significant effect of the input device (F ( 1,120) =
31.51,p<.01), a significant effect of the static shadow of the target (F(1,120) = 11.89, p<.01) and
a significant effect of the dynamic shadow of the pointer (F ( 1,120)  = 13.393, p<.01).
Conversely , there is no significant effect of the texture. The users are faster to point the target with
the owl (9081.27 ms) than with the 3D mouse  (13743.49 ms). In the same way, they point the
cube more quickly in the presence of a static shadow with the target (10037.12 ms vs. 10787.65 ms)
and, also in the presence of a dynamic shadow with pointer (9952.907 ms vs. 12871.86 ms).

The interaction between the dynamic shadow of the pointer and the type of the input device is
significant (F(1,120)  = 4.0098, p<.05). The result means that the effect of the dynamic shadow
to the pointer differs according to the type of the input device and vice versa, meaning that the
effect of the input device type is not the same one according to the presence or not of dynamic
shadow to the pointer. To refine these results, we have realized contrasts. About use of the
mouse 3D, we observed different performances in the situation of the dynamic shadow to the
pointer compared to the situation where there is no dynamic shadow below the pointer (F (1,
120) = 16.03, p<.01). The subjects spend less time to point the cube in the presence of a
dynamic shadow with pointer  (11512.42 ms) that in absence of a dynamic shadow to pointer
(15974.58 ms). On the other hand, with regard to the use of the owl, there is no significant
difference according to the presence or not of the dynamic shadow to the pointer.
For the presence of dynamic shadow to the pointer, the speed of pointing is different according
to the type of the input device used (F(1,120)  = 6.52, p<.05). The users point more quickly the
cube having an shadow with the owl (8393.38 ms) that with the mouse 3D (11512.42 ms). This
effect is more marking when there is no dynamic shadow with the pointer (F(1, 120)  =29.001,
p<.01). The subjects are faster to point with the owl (9769,4ms) that with the mouse 3D (15974.58
ms).



The ANOVA carried out with the number of clicks to deliver the correct answer showed us that
there is a significant effect of the static shadow of the target (F(1,120) = 3.33, p<.10) and a
significant effect of the dynamic shadow of the pointer (F (1,120) = 6.228, p<.05). For the other
variables, no significant differences have been recorded. The users produce less clicks to point
the target when there is a static shadow with the target (2.356 vs. 3.173) and a dynamic shadow
with the pointer (2.221 vs. 3.307).

In short, the subjects performances were better when the input device used is the owl, when
there is a shadow as well with the pointer as with the target. However, this can be modulated.
Indeed, when the input device used is the 3D mouse, the users spend less time to point the target
when there is a dynamic shadow to the pointer. Conversely, this conclusion is not valid any
more when the owl is used. With a dynamic shadow or not to the pointer, we always observe a
superiority of the use of the owl. These  results are compatible with our hypotheseses (1) the performance
of the subjects in a pointing task should be of higher degree in the presence of a shadow and
this, that the shadow either presents to the target or the pointer,  (2) the use of Owl should facilitate the
pointing of the target, (3) the shadow of the pointer should help the pointing of the target, this more
especially as the used input device is the 3D mouse.

5. Conclusion
In this study we investigated the influence of static to the target and dynamic shadows to the
pointer in according to 3D input devices on the pointing task in a 3D computer environment. The
results indicated that the subjects point more quickly the target when the input device is
isotonic. The dynamic shadow to the pointer and the static shadow to the target help the
pointing. However, we can note that the performance of the users with 3D mouse is better when there
is a shadow to the pointer. The owl is sufficed for itself and that the shadow with the pointer proves
to be especially a guide when the input device is the mouse. But one cannot neglect dimension
shadow because it facilitates the pointing. It seems that to interact with a 3D environment, the
owl appears more usable than the 3D mouse. The relevant contextual hints are the static shadow
with the target and the dynamic shadow with the pointer, especially the dynamic shadow with
the pointer when the input device used is the mouse 3D. It seems that to mitigate the lack of
mobility in an 3D environment via the 3D mouse, the users are based on dynamic shadow
dimension with the pointer to guide itself in this environment. The static shadow provided a
ground plane relative reference for height and distance of the target (Wangner, 1992) whereas
the dynamic shadow gives information concerning the depth (Slater et al 1995). The dynamic
shadows indicate to the subject the distance between the target and the pointer. The combination
of the static and dynamic shadows enhances depth and distance perception when the subject
must achieve a particular goal in a 3D world. The shadows provide a guidance framework for
actions and enhance the pointing performance in a 3D scene.
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