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1. INTRODUCTION

With the technical advancement of ¢
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availability assessment ;

systems, and
shifting their

It is difficult for humd o have a good interactive
experience in the VR, becausethe space is perceived poorer in
the virtual environment than in the real environment. Studies
have shown that humans can estimate the distance in the real
world accurately, but tend to underestimate the distance in the
VR, especially in the HMD interface [1]. The precise
perception of space is the premise of effective interaction. To
solve the distance underestimation, scholars have carried out
experiments from two angles: interactive tasks [2] and non-
visual stimuli [3], and achieved fruitful results.

The visual clues provided by the space environment have
been confirmed to aid the perception of the space dimension
in the virtual environment. Thus, it is possible to improve the
distance perception based on the design features of the task
environment [4]. In the virtual environment, the distance
estimation by users can be improved by adjusting the parallax
and interpupillary distance, and pixelating the surrounding
frames [5]. Knapp and Loomis [6] compared two visual fields
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(limited and unlimited) using the HMD. The experimental
results show that the limitation/non-limitation of the visual
field does not affect the distance perception by the subjects.
Hornsey [7] explored the difference between monocular vision
and binocular vision in the distance perception in the virtual
environment. Cyril et al. [8] studied the influence of the screen
distance of the VR system over the perception depth. Li et al.
[9] demonstrated that the human distance perception is not
affected significantly by the mode of motion in the VR.

So far, various interactive modes and distance perception
methods have been introduced to measure the perception
precision of distance [10]. Some scholars relied on different
display devices to compare the distance perception differences
of humans between VR, augmented reality (AR), and mixed
reality (MR) [11]. Some recent studies found that humans may
underestimate the object scale in the virtual environment [12].

The above studies have improved the perception precision
of space in the VR by means of interactive task design, and
task environment layout. However, none of them considers the
relationship between the type of cursor and perception of
absolute distance, nor takes account of stereo pointing. From
the perspective of stereo pointing, this paper analyzes the
perception precision of absolute distance and object pointing
velocity of the subjects, and explores the design rules for the
of cursor, absolute distance, and stereo pointing. On this basis,
the authors discussed how the pointing cursor, absolute
distance, and stereo pointing affect the perception of absolute
distance and object pointing velocity, in the HMD interface.


https://crossmark.crossref.org/dialog/?doi=10.18280/ts.390209&domain=pdf

2. PERCEPTION OF ABSOLUTE DISTANCE IN THE
VR

Thanks to the growing interactivity of VR interfaces and the
popularity of HMD, user-interface interaction has evolved
from visual interaction to stereo control. Therefore, it is crucial
to perceive the absolute distance accurately, choose the
pointing cursor appropriately, and design the stereo pointing
task reasonably.

The absolute distance refers to the depth distance from the
observer to an external object. In the virtual environment,
humans tend to underestimate the absolute distance [13]
(Figure 1). The underestimation used to be attributed to
backward measuring methods and techniques [14], or the poor
quality of images [15]. Some studies have shown that the
longer the absolute distance, the less precise the distance
perception, and the greater the underestimation of the distance
[14]. Some scholars [16] divided the perception area of
absolute distance into three circles centering on the observer:
the personal space (within 150cm), the action space (150-
3,000cm), and the distant space (>3,000cm). Since most VR
apps are developed around the personal space [17], this paper
decides to focus on the distance within the personal space.
Normally, the perception of absolute distance is tested on three
planes of the human subject: the forehead plane, the lateral
plane, and the horizontal plane. Considering its relative
importance in VR application [18], the forehead plane was
selected to study the perception of absolute distance.

Underestimated absolute distance

Actual absolute distance
gctual absolute distance

solyte didtance in the

ies user interaction
? extensive use of cursor
interaction, a common int¢i Wion mode in VR apps, provides
new possibilities for the r&Zarch into absolute distance.
During cursor interaction, the user manipulates the cursor and
executes specific tasks in the virtual environment by
controlling physical controllers like the mouse, the joystick, or
the stylus. With the advancement of VR technologies, the
traditional planar cursor is being phased out by the stereo
cursor in the interaction research of the virtual environment
[19]. For instance, some researchers introduced virtual hand
cursor, virtual offset cursor, and virtual ray cursor to the
experiments of object pointing [20] and remote dragging [21],
and compared the difference between virtual hand cursor and
virtual offset cursor in the precision of task execution, and the
velocity of object pointing [20].

Pointing is one of the fundamental tasks of graphical user
interface. Object pointing precedes the other interactions
between the user and the object [19]. The previous studies
have proved the pointing and dragging functions of stereo
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cursor in the VR. But few scholars have applied stereo cursor
to the perception of absolute distance, and compared different
types of cursors. This paper chooses typical pointing cursors
for comparative experiments, in a bid to verify the relationship
between the type of cursor and the perception of absolute
distance.

Fitts’ law has been widely recognized as a robust
psychological prediction model for linear or planar pointing
tasks. Some researchers have introduced the model to the
pointing and positioning, dragging, and key layout of the VR.
Fu et al. [22] studied the influence of the multi-sensory
collaborative positioning over the performance of Fitts’
pointing tasks. According to the Fitts’ law, the object pointing
duration depends on the object scale, and the distance between
the starting point and the object. The larger the object, and the
smaller the distance, the shorter the duration of object pointing
[23]. Murata et al. [24] included the azimuth angle of object
into Fitts’ law, and noted that the object pointing duration of
stereo pointing is more likely to be affected by that angle than

Fitts’ pointing tasks, the
effects of the object s;

zimuth angle of object and object
affect the perception of absolute
ointing velocity in the VR, and verifies
our model in predicting stereo pointing in

effectiveness
VR.

METHODOLOGY
3.1 Assumptions

Our experiments were designed based on the perception of
absolute distance and pointing cursor in the personal space of
the VR, and the Fitts’ law extended for stereo pointing. Four
variables were selected, namely, absolute distance, pointing
cursor, object scale, and azimuth angle, to discuss the change
law of perception precision of absolute distance and object
pointing velocity.

Referring to the previous literature, six assumptions were
presented (Table 1).

Table 1. Assumptions

n?l;l;ll?:r Assumption
The absolute distance is negatively correlated
Al with the subject’s perception precision of absolute
distance.
A2 The absolute distance is negatively correlated
with the object pointing velocity.
The type of cursor affects the perception precision
A3 of absolute distance, and the influence varies with
the absolute distances.
The type of cursor affects the object pointing
A4 velocity, and the influence varies with the
absolute distances.
AS The object scale is positively correlated with
object pointing velocity.
A6 The azimuth angle of object affects the object

pointing velocity.




3.2 Experimental design

3.2.1 Variables and values

Four variables were selected, including two types of virtual
stereo pointing cursors, three absolute distances, three object
scales, and five azimuth angles of object (Table 2).

Table 2. Variables, levels, and values

Name of variable Level Value
Virtual finger cursor -
Type of cursor Virtual hand cursor -
D1 45cm
Absolute distance D2 80cm
D3 115cm
S1 7cm
Object scale S2 5cm
S3 3cm
Al Sin=1
A2 Sin=-1
Azimuth angle of object A3 Sin=0.7
A4 Sin=-0.7
A5 Sin=0

(1) Type of cursor

Nguyen-Thong Dang divided stereo pointing cursors into
point-based cursors, and line-based cursors [19]. Our
experiments use the virtual hand cursor, a point-based cursor,
and the virtual finger cursor, a line-based cursor (Figure 2).
According to the standard body sizes of Chinese adults, the
virtual hand lengths at different absolute distances were
determined by adding the standard for females in the fifth
percentile with the forearm length, minus the joystick erro
and dividing the final length evenly into three parts (10, 20,
and 30cm). The virtual hand cursor was adjusted to the real

palm size and position of the subjects.

ursor (left) and

Figure 2. Two pointing cursors:

virtual II

urso

(2) Absolute distance

Absolute distance of the object

l:l Personal space

l:l Object area

Figure 3. Absolute distance and view angle of the object

Our experiments mainly target the perception of absolute
distance in the personal space, i.e., the circular area with a

radius of 150cm, and with the subject as the center [16].
Taking the subject position as the origin, the distance from the
position of the HMD display to 150cm away from the forehead
plane was evenly divided into five distances. After excluding
the longest and shortest values, 45cm, 80cm, and 115¢cm were
selected as the absolute distances to be tested (Figure 3).

(3) Object scale and azimuth angle

Drawing on the existing experimental paradigms, the circles
with the diameter of 7, 5, and 3cm were selected, and the
azimuth angle of object was divided into five levels (0, 0.7, -
0.7, 1, and -1) according to the sine value [24, 25]. Figure 4
shows the object scales and layout.

3cm
—>O<—
. O _.5cm‘_
O 7em O
O sin90°=T O e
sin135°=0.7 :

4. Object scales and layout

.2 Evalugtion indices

mgagn evaluation indices include the precision and
du f object pointing.
bject pointing precision
Some studies [26] have shown that the object pointing
position in stereo pointing tasks can be viewed as the object
position perceived by the subject. Therefore, the object
pointing precision can be adopted to measure the subject’s
perception precision of absolute distance. The object pointing
precision reflects the proximity between the perceived value
and the true value. The closer the proximity is to 1, the more
precise the perception of absolute distance. As stated by Lin et
al. [25], the perception of absolute distance can be measured

by precision:
) (D

where, De and Da are the perceived and true absolute distances,
respectively.

De-Da

AC :(1—

(2) Object pointing duration

Object pointing duration refers to the time for the tip of the
virtual cursor to move from the specified starting point to the
position of the virtual object. In stereo pointing, the shorter the
object pointing duration, the faster the object pointing velocity
[24].

3.2.3 Experimental setup and flow

Our experiments were designed as repetitive tests on the
subjects with a layout of 2x3x3x5 (pointing cursor X absolute
distance x object scale x azimuth angle of object). The red
virtual objects of three different scales were projected to the
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forehead plane with the preset absolute distances and angles. experiment on the perception of absolute distance and the

The object heights were adjusted according to the shoulder pointing of finger cursor/virtual hand cursor is completed.

height of each subject (Figure 6). According to Chinese During task execution, if the object is too far away, the subject

standards for ergonomic, the visual field of the human eyes for may walk one step forward, and return to the original position

red is 45°. Thus, the width of the forehead plane was set to after each experiment.

37.2cm for the minimum absolute distance (45cm) of our

experiments. To unify the interval between objects, the 3.3 Subjects and experimental environment

maximum center distance of all objects was fixed at 37.2cm

(Figure 3). A total of 15 subjects were invited to our experiments,
The experiments were divided into two groups by the type including 8 males, and 7 females. All of them are students aged

of pointing cursor (virtual finger cursor, and virtual hand between 18 and 25. 30% majored in design and the related

cursor). Each group consists of two parts, pre-experiment, and disciplines, and 70% majored in computer and the related

formal experiment. Before the formal experiment, the subject disciplines. All subjects are right-handed, and have normal or

must read the instructions on the display, learn how to wear corrected-to-normal vision.

the HMD, adjust the interpupillary distance on the display, and The experimental platform and task development were

experience the experimental flow through the pre-experiment. completed on Unreal Engine 4. The input device is HTC Vive

To minimize the interference of memory and muscle fatigue, (Figure 7), which provides a field angle of 110°, and a

the two groups of experiments were carried out in two days binocular pixel resolution of 2,880x1,600. Each subject needs

(Figure 5). to move the virtual cursor by_controlling the joystick. The

coordinates of the click pog ad time of clicking on the

|Device adjustment and scenariosettingl Formal experiment on virtual joystick were automatie [l by the system. Each
hand cursor pointing task was carj . 2 botidless dark environment,
[ Reading instructions | 1 with only one lig ¥to eliminate the influence
Pre-experiment on virtual hand of the other fa ect’s distance perception. In
cursor I . . .
| Learning device operations | T 22 hours later addition, a tp dlsplayed on the floor to help
the subje g position and direction.

Formal experiment on virtual
| Pre-experiment on virtual finger cursor |—’ finger cursor

Figure 5. Experimental flow

Figure 6 illustrates a task in our experiments. Each time, an
object is displayed randomly at each absolute distance. The
the subject needs to control the cursor via the joystick. Firstly,
he/she should press the trigger on the joystick at the start point,

object, and right below the display. Then, the Figure 7. The experimental environment

to the object, the subject should press the

C ; 3.4 Data processing
the timing. Then, the current experime

The repeatedly measured experimental data were subjected
to variance analysis on IBM SPSS Statistics 26. If the p-value
is smaller than 0.05, then the data difference is statistically
significant. The experimental data were linearly fitted, and the
regression model were established on MATLAB R2019b.

4. RESULTS AND ANALYSIS

4.1 Comparison of object pointing precision

Absolute distance The repeatedly measured data on object pointing precision
were subjected to variance analysis. The main results are as
Figure 6. Illustration of a task in our experiments follows:

Different types of pointing cursors differ significantly in
Every subject executes the pointing task using two types of object pointing precision (F=15.650, P=0.001<0.05), which

pointing cursors. When the virtual finger cursor is being used, supports A3: the type of cursor significantly affects the
the subject quickly points to the current object with the tip of perception precision of absolute distance. As shown in Figure
the virtual finger. The finger length varies with absolute 8, the object pointing precision of the virtual hand cursor was
distances. When the virtual hand cursor is being used, the generally higher than that of the virtual finger cursor. Previous
subject points to the current object with the tip of the index studies have found that more familiar objects in the virtual
finger of the virtual hand. environment could enhance the subject’s precision of distance

When the subject moves the tip of the virtual finger or the perception [16, 27]. Besides, VR simulations of the human
tip of the index finger of the virtual hand to the object position, body can improve the perception of distance [28]. In our
and presses on the trigger of the joystick, the current experiments, the virtual hand cursor was adjusted to the size
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of the real right hand of the subject, which provides some hints Under the condition of D1, the object pointing precision of

to the subject. That is why the virtual hand cursor leads to a the virtual hand cursor was much higher than that of the virtual
relatively high perception precision of absolute distance. finger cursor (P=0.000<0.05). If the object is 45cm away from
There is no significant difference in object pointing the subject, the absolute distance can be perceived better by
precision between different absolute distances (F=2.040, pointing at the object with the virtual hand cursor. When the
P=0.149>0.05). Therefore, the absolute distance does not subject controls the virtual hand cursor to approach the object,
significantly affect how precise it is perceived, which falsifies is would be easy to observe that the cursor is approaching or
Al. This finding goes contrary to the results of predecessors traversing the object, that is, to obtain a visual hint [16]. When
[14], who believed that the human perception precision of the object lies at D1, the subject does not need to move his/her
absolute distance would decline, if the object is in close range, body to pointing at the object. Thus, his/her visual field is
because of the adjustment and focusing functions of our eyes, relatively stable, which favors the observation of the occlusion
as well as the limited rotation range of our eyeballs [29, 30]. between the object and the cursor. Besides, the occlusion
According to the Chinese standards for ergonomics, our between the virtual hand cursor and the object is more
experiments set the objects within an area that can be apparent than that between the virtual finger cursor and the
recognized comfortably by the human eyes. In this way, the object.
effects of the said eye features on the experimental results Under the condition of D2, the object pointing precision of
were minimized. It was also found that the subjects the virtual finger cursor was much higher than that of the
underestimated the absolute distance for D1-D3. When the virtual hand cursor (P=0.000<0. 05) If the object is 80cm away
object was displayed at the absolute distance of 45, 80, and from the subject, the absolute d ance can be perceived better
115cm, the mean perceived distance was 44.36cm (SD=1.34), by pointing at the object wz ual finger cursor. When
78.50 (SD=2.18), and 113.05 (SD=3.08), respectively. The the object lies at D2, the ds to stretch out his/her

result is consistent with the finding of the predecessors [1]. right arm. Thus, obj

This study further discovers the significant effect of object call different parts i *ms (cognitive system, and
scale on object pointing precision (F=9.245, P=0.003<0.05), sensorimotor i he \sensorimotor system works by
i.e., the object scale would significantly affect the subject’s conditional
perception precision of absolute distance. Pairwise
comparison reveals that, the object pointing precision with the
diameter of S3 was way higher than S1(P=0.001<0.05), and
S2(P=0.001<0.05), and that with the diameter of S2 was much
greater than S1(P=0.018<0.05). Thus, the smaller the object,
the more precise the object pointing, and the greater the
perception precision of absolute distance. As can be seen from
the pointing durations of objects of different scales (Figure 9),
the subjects need a much longer object pointing duration, and
a slower object pointing velocity for small obig
complementary relationship between objecti @

ile the cognitive system would
ation [31]. During the use of the
the cursor position is the right-hand

the virtual hand cursor. The subject’s vision and
inly concentrate on the object, and his/her right
trolled by the sensorimotor system to approach the
object. During the use of the virtual finger cursor, the subject
ore concerned with the matching between the cursor and
the object, and tends to call the cognitive system to match the
tip of the cursor with the object [31]. The position matching
by the cognitive system is a probable reason for the relatively

relatively high perception precision of 4 3 high object pointing precision of the virtual finger cursor at D2.
during the pointing at small objects. In add i Under the condition of D3, the object pointing precision of
of object shows no significant effect e inti the virtual hand cursor was much higher than that of the virtual
precision (F=1.124, P=0.3994>0.054. finger cursor (P=0.000<0.05). If the object is 115cm away

As shown in Zone A of Fi from the subject, the absolute distance can be perceived better
absolute distance have a bidire i by pointing at the object with the virtual hand cursor. Hale et
object pointing precision /@ 001<0.05), which al. [27] pointed out that the motion parallax produced in body
supports A3: The typf ects the perception movements can improve the human perception of distance in
precision of absolute e influence varies with the virtual environment. When the object lies at D3, the subject
the absolute distances. Th& Wiect pointing precision of each needs to move his/her body towards the object, such as to
type of cursor at the three dii§yrent absolute distances can be select the object with the virtual hand cursor. The resulting
simply analyzed below: motion parallax improves the perception of absolute distance.

Moreover, there is no significant bidirectional interaction
between the type of cursor and the object scale (F=3.541,
P=0.059), or between the type of cursor and the azimuth angle
of object (F=0.604, P=0.668), in terms of object pointing
precision. Through the above analysis on experimental results,
when the VR stereo pointing task requires a high perception
precision of absolute distance, the object should be placed with
an absolute distance of 45 or 115c¢cm away from the subject,
and the virtual hand cursor should be adopted for interaction.
L L If the object is placed with an absolute distance of 80cm from
D1 D2 D3 S1 S2 S3 AL A2 A3 A4 A5 the subject, the virtual finger cursor should be adopted for

Variable interaction. The subject’s perception precision of absolute
distance can be enhanced by reducing the target size. However,

Figure 8. Mean object pointing precisions of each type of it is not significantly affected by the changes in the azimuth
cursor at different object conditions angle of object.

0.995
0.990
0.985
0.980
0.975
0.970
0.965
0.960
0.955
0.950

—o— Virtual hand cursor

—&— Virtual finger cursor

Object pointing precision
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4.2 Comparison of object pointing duration

The repeatedly measured data on object pointing duration
were subjected to variance analysis. The main results are as
follows:

1.6
—&— Virtual hand cursor

L5

—&8— Virtual finger cursor

Object pointing duration

D1 D2 D3 S1 S2 S3 Al A2 A3 A4 AS
Variable

Figure 9. Mean object pointing durations of each type of
cursor at different object conditions

Different types of pointing cursors differ significantly in
object pointing duration (F=4.728, P=0.047<0.05), which
supports A4: the type of cursor significantly affects the object
pointing velocity of stereo pointing. As shown in Figure 9, the

Table 3. Pairwise comparison results of

overall object pointing duration with the virtual finger cursor
was shorter than that with virtual hand cursor. This is because,
when the subject uses the virtual hand cursor to point at the
object, his/her right arm needs to move across a long distance,
which lengthens the object pointing duration, and slows down
the object pointing velocity. By contrast, the virtual finger
cursor extends the arm length, such that the subject could
quickly reach the object.

The object pointing duration varied significantly with
absolute distances (F=13.787, P=0.001<0.05). As shown in
Table 3, obvious differences were observed through pairwise
comparison of D1-D3. The three absolute distances can be
ranked in ascending order of object pointing duration as
D1<D2<D3. H2 is thereby validated: the absolute distance
affects the object pointing velocity of stereo pointing; the
longer the absolute distance, the slower the object pointing
velocity. In addition, the object scale significantly affected
object pointing duration (F=93.340, P=0.000<0.05). As shown
in Table 3, obvious differences were observed through
pairwise comparison of SLg5 ree object scales can be
ranked in ascending oz t pointing duration as
S1<S2<S3. H5 is the c object scale affects the
e object scale, the faster
c effects of absolute distance
findings of predecessors about

D1 Mean (s) Standard error
D1 - =0.000<0.05 1.039 0.050
Absolute distance D2 P=0.000<0.05 1.241 0.073 Supporting H2
D3 P=0.000<0.05 P= 1.358 0.096
Overall
S1 S3 Mean (s) Standard error
S1 P=0.000<0.05 1.133 0.073
Object size S2 P=0.000<0.05 1.201 0.063 Supporting H5
S3 . . - 1.304 0.072
Overall .340, P=0.000<0.05

Besides, object pointing dur

the object pointing dur: th angle A2 was much
smaller than that of A1 (P <0.05), A3 (P=0.016<0.05),
and A5 (P=0.041<0.05); th$" object pointing duration of
azimuth angle A4 was much smaller than that of Al
(P=0.019<0.05), A3 (P=0.001<0.05), and A5 (P=0.006<0.05).
The existing studies have proved that, in stereo pointing, it
takes a shorter time to point at an object below than to point at
an object above [24]. In addition, the object pointing duration
of azimuth angle A5 was significantly smaller than that of A3
(P=0.026<0.05). There are two possible reasons: Firstly, the
angle between the object and A5 is only 0°. The object can
only move the cursor horizontally, which accelerates the
object pointing. Secondly, the movement velocity can be
increased by setting the object height equal to the shoulder
height of the subject. In our experiments, the object height was
adjusted to the shoulder height of each subject. Thus, the
object at azimuth angle A5 is as tall as the shoulders of the
subject.

As shown in Zone B of Figure 9, the type of cursor and
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absolute distance have a bidirectional interactive effect on
object pointing duration (F=22.506, P=0.000<0.05), which
supports A4: The effects of the two types of pointing cursors
on object pointing velocity vary with the absolute distances,
which can be simply analyzed below:

Under the condition of D1, the object pointing duration of
the virtual hand cursor was significantly shorter than that of
the virtual finger cursor (P=0.024<0.05), that is, the subject
can point to the object with an absolute distance of 45cm faster
with the virtual hand cursor. This phenomenon can be
attributed to two factors: Firstly, the subjects master the two
types of cursors differently. Pointing to a near object with the
virtual hand cursor is similar to the interactions in our daily
lives (e.g., touching the electronic screen). But the subjects
rarely engage in any interaction behaviors similar to the use of
the wvirtual finger cursor. Secondly, the theories of
anthropometry suggest that, when the subject points at a near
object with the virtual finger cursor, which has a certain length,
the movement would be limited by the palm and arm. If the
subject uses the virtual hand cursor, it would be easier to
control the arm movements during the pointing at the near
object.

Under the condition of D3, the object pointing duration of



the virtual hand cursor was significantly longer than that of the

17
virtual finger cursor (P=0.000<0.05). Therefore, the subject S 16
can point to the object with an absolute distance of 115cm %15
faster with the virtual finger cursor. When the virtual hand 3 14
cursor is adopted for stereo pointing, the actual movement %D 13
distance of the right arm increases rapidly with the widening 5 12
absolute distance. Thus, the object pointing duration would g
grow. On the contrary, the virtual finger cursor as a specific 210
length for each absolute distance. When this cursor is used for © g:
stereo pointing, the actual movement distance of the right arm 07 . . . . . . .
would not significantly increase with the widening absolute 25 30 35 40 45 50 55 60
distance. That is why the object pointing duration would not Virtua Virtual 1D

I hand finger " Linear (virtual ™ Linear (virtual
extend Clearly' cursor cursor hand cursor) finger cursor)

Moreover, there is no significant bidirectional interaction
between the type of cursor and the object scale (F=1.728,
P=0.216), or between the type of cursor and the azimuth angle
of object (F=0.190, P=0.939), in terms of object pointing
duration.

Through the above analysis on experimental results, when
the VR stereo pointing task requires a fast object pointing
velocity, the object should be placed with an absolute distance
of 80 or 115cm away from the subject, and the virtual finger
cursor should be adopted for interaction. If the object is placed
with an absolute distance of 45cm from the subject, the virtual
hand cursor should be adopted for interaction. The object
pointing velocity can be enhanced by increasing the object
scale, and reducing the absolute distance. The velocity can also
be improved by setting the object, starting point, and shoulder
height of the subject at the same height, or placing the object
directly below the starting point.

Figure 10. Linear regression results between object pointing
duration and ID for virtual hand cursor/virtual finger cursor

Virtual hand cursor
Virtual finger cursor
Linear (virtual hand cursor)

Linear (virtual finger cursor)

Object pointing duration

Virtual hand cursor
Virtual finger cursor
Linear (virtual hand cursor)

Linear (virtual finger cursor)

4.3 Goodness-of-fit evaluation

According to the Fitts’ law extended by Murata et al., the
greater the ratio of d to s, and the larger the sine valug
bigger the coefficient of difficulty (ID), and thg
object pointing duration of stereo pointing [24]!

3.8 4.3 4.8 53

ID=log,(d/s+1.0)csin

Virtual hand cursor

1.7 r Virtual finger cursor

= — Linear (virtual hand cursor)

% 16 — Linear (virtual finger cursor)

315 f

£1af w’/‘/(.‘

. § 13 u
10). It can be observed that thefobject pointing duration of each 127 J )
type of cursor in stereo pointing had a significant linear RN
correlation with ID (virtual hand cursor: MT=0.063+0.2901D, 10 ' ' '
R?*=0.832; virtual finger cursor: MT=0.0593+0.138ID, 58 i T,f >3 >
R?=0.950). (c)Absolute distance: 115cm
At different absolute distances, the correlation coefficient

between the object pointing duration of the virtual hand cursor Figure 11. Fitted curves between object pointing duration
and the ID was: R?p1=0.922. (MTp;=0.360+0.182ID); and ID for virtual hand cursor/virtual finger cursor at
R%p,=0.903. (MTp2=0.340+0.2331D; R%p3=0.879. different absolute distances
(MTp3=0.936+0.113ID). At different absolute distances, the
correlation coefficient between the object pointing duration of The slope of each linear regression curve reflects the change
the virtual finger cursor and the ID was: R?p;=0.937. rate of the object pointing duration, i.e., the throughput,
(MTp;=0.644+0.124ID); R*p,=0.919. (MT=0.587+0.136ID; induced by the growing ID. As shown in Figure 10, the object
R?p3=0.900. (MTp3=0.633+0.132ID) (Figure 11). Therefore, pointing duration of the virtual hand cursor increased faster
our model can predict the stereo pointing based on pointing with the growing ID than that of the virtual finger cursor. That
cursors in the VR. is, the former cursor has a larger throughput than the latter.

Figure 11 shows the fitted curves between object pointing
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duration and ID for virtual hand cursor/virtual finger cursor at
different absolute distances. Under the conditions of D1 and
D2, the fitted curve of the virtual hand cursor was steeper than
that of the virtual finger cursor. Thus, when the object lies with
an absolute distance of 45 and 80cm from the subject, the
object pointing duration of the virtual hand cursor increases
faster than that of the virtual finger cursor, with the growth of
ID. Under the condition of D3, there was no significantly
difference in the slope between the fitted curves of virtual hand
cursor/virtual finger cursor. This means, when the object lies
with an absolute distance of 115cm from the object, the object
pointing duration of the virtual hand cursor and that of the
virtual finger cursor would increase at similar rates, with the
rise of ID.

To sum up, the virtual hand cursor should be chosen to
strictly control the users’ object pointing duration by changing
the ID of the stereo pointing task in the VR personal space.
Meanwhile, the virtual finger cursor should be selected, and
the object should be placed with an absolute distance of 45 and
80cm from the subject, to significantly affect the users’ object
pointing duration by changing the ID of the stereo pointing
task at the same absolute distance.

5. CONCLUSIONS

The main conclusions of this paper are as follows:

(1) In the VR, the type of cursor, and object scale
significantly influence the perception precision of absolute
distance. With the changing absolute distance, different types
of cursors affect the perception precision of absolute distance
differently. When the object lies with a very short or long
absolute distance in the personal space, the subject could

perceive the absolute distance more precisely using the virtual ‘

hand cursor to point at the object. When the object

ith a
moderate absolute distance in the personal spacegt i

L Jject

(2) In the VR, the type of cursor,
scale, and azimuth angle of objec

different types of cursors affect
differently. When the obiagi
absolute distance more§ g the virtual hand cursor
to point at the object. Whei e object lies with a moderate or
very long absolute distance 1§*ne personal space, the subject
could perceive the absolute distance more precisely using the
virtual finger cursor. The object scale should be maximized,
and the object should be placed at the azimuth angle of 0° or
180°, or right below the starting point, in order to accelerate
the subject’s object pointing velocity.

(3) In the VR, the object pointing durations of the two types
of pointing cursors basically meet the Fitts’ law extended for
stereo pointing. In the personal space, the object pointing
duration with the virtual hand cursor is significantly affected
by the ID of the task. When the object lies with a moderate or
very long absolute distance in the personal space, the object
pointing duration with the virtual finger cursor is significantly
affected by the ID of the task.
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