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Abstract 
In this paper, we carry out QoE (Quality of Experience) assessment to inves-
tigate influences of olfactory and auditory senses on fairness for a networked 
virtual 3D object identification game with haptics. In the game, two players 
try to identify objects which are placed in a shared 3D virtual space. In the as-
sessment, we carry out the game in four cases. Smells and sounds are pre-
sented in the first case, only sounds are done in the second case, and only 
smells are done in the third case. In the last case, we present neither smell nor 
sound. As a result, we demonstrate that the fairness deteriorates more largely 
as the difference in conditions between two users becomes larger.  
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1. Introduction 

By using haptic and olfactory senses in addition to visual and auditory senses, 
various kinds of multisensory communications become utilizable for users at 
remote different places [1] [2] [3] [4]. With the advantage of multisensory 
communications, we can realize various applications such as networked games, 
arts, entertainment, and remote education with high sense of presence [5]-[10]. 
To provide higher sense of presence to users, a number of researchers have been 
investigating effects of the senses on Quality of Experience (QoE) [11] by dealing 
with a variety of multisensory communications. 

In [6], Murray et al. investigate human perception on synchronization errors 
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between olfactory and visual media, and those between olfactory and audio- 
visual media by QoE assessment. They show that the allowable range of media 
synchronization error between olfactory and audio-visual media is much larger 
than that between olfactory and visual media with the advantage of synchro-
nized audio and visual media. From results of QoE assessment using several 
video clips with olfaction, Ghinea et al. also show that the combinations of ol-
factory sense with other senses lead to increase of the sense of presence [7]. In 
[6] [7] [8] [9] [10], by using olfaction for several types of games in virtual envi-
ronments, it is illustrated that the sense of presence and users’ enjoyment for the 
games can be enhanced largely. Although there are various types of work for 
QoE on the sense of presence for several kinds of applications in networked vir-
tual environments, investigations for other QoE parameters are not necessarily 
enough; for example, fairness between players in networked games is not inves-
tigated sufficiently. In the networked games, not only the sense of presence, 
fairness between players is also important to reflect the game ability of each 
player to win-loss records. However, we cannot sometimes use some senses by 
sickness, injury, surroundings, and so on.  

In [12], the authors examine influences of the difference in time until smells 
reach players on QoE about the fairness. As a result, they illustrate that as the 
time difference becomes larger, the fairness deteriorates. In [13], the authors in-
vestigate the influence of network delay on the fairness between two players in a 
balloon bursting game with olfactory and haptic senses by QoE assessment. As a 
result, they find that the allowable range of absolute difference in network delay 
is within around 150ms. They also illustrate that MOS (Mean Opinion Score) 
[14] of fairness can be estimated from the average difference in the number of 
correct judgments or the delay difference with a high degree of accuracy. From 
the results in [12] and [13], we can know the relationship between the fairness 
and the factors, the time difference and the delay difference. There may be other 
factors which largely affect the fairness between players. However, what kinds of 
factors largely affect the fairness is not necessarily clear enough. Thus, we need 
to assess the fairness in various networked games. In [15], the authors carry out 
an experiment to investigate how much correctly 3D objects are identified with 
haptic, olfactory, and auditory senses in a virtual environment by using an object 
identification system. As a result, they illustrate that the object identification ac-
curacy can be improved largely by adding sounds and smells to the objects. 
However, the system is standalone, and we also need to assess the influence of 
olfactory and auditory senses on the fairness in networked games. In such 
games, whether olfactory/auditory sense is used or not may strongly affect the 
fairness, and it is very important to investigate the influence in the networked 
games. 

In this paper, we investigate the influence of olfactory and auditory senses on 
the fairness by QoE assessment for a networked virtual 3D object identification 
game with haptics by switching four cases depending on whether olfactory and 
auditory senses are employed or not. In the first case, olfactory and auditory 
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senses are employed. Only auditory sense is done in the second case, and only 
olfactory sense is done in the third case. In the last one, neither olfactory nor au-
ditory sense is done. The remainder of this paper is organized as follows. Section 
2 describes our networked virtual 3D object identification game. The assessment 
system is outlined in Section 3. Assessment results are presented in Section 4, 
and Section 5 concludes the paper. 

2. Networked Virtual 3D Object Identification Game 

The system configuration of the game is shown in Figure 1, where each PC has a 
display, a haptic interface device (Geomagic Touch [16]), a headset, and an ol-
factory display (SyP@D2 [17]). The two PCs are connected to each other via a 
network. The game is developed by enhancing the virtual 3D object identifica-
tion system with haptic, olfactory, and auditory senses [15] so that two players 
can play. 

In the game, two players try to identify each object which is placed in a shared 
3D virtual space (see Figure 1), and they cannot see the object initially because 
the screen is black. We use nine objects which have different features such as the 
shape, softness, smell, sound, smoothness, and characteristics (see Figure 2 and 
Table 1). We selected nine objects which have smells or sounds from among 
sixteen ones in [15] in order to clarify effects of olfactory and auditory senses 
well. In the virtual space of Figure 1, there are four objects actually; each ques-
tion symbol indicates where an object exists in the space, and we can see two 
objects (high-hat cymbals and grapefruit) in the space for the reason mentioned 
later. Each player operates his/her haptic interface device to move a cursor of the 
device in the virtual space. While the player touches an object with the cursor 
(see the virtual space in Figure 1), he/she perceives the reaction force through 
the device and can recognize the shape and softness of the object. 

The reaction force F is calculated by using the spring-damper model [18] as 
follows: 
 

 
Figure 1. System configuration of networked virtual 3D objects identification. 
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Figure 2. Displayed images of objects. 

 
Table 1. Shapes, softness, smell, sounds, and characteristics of objects. 

Object Shape Softness Sound/Smell Characteristics 

(a) High-hat cymbals Disk 

Hard 

Sounds  
(depending on objects  

by hitting surface) 

Surface on top is smooth. 

(b) Snare drum 

Cylinder 

Surface on top is smooth. Snare drum  
has shallower trunk than floor tom. 

(c) Floor tom 
Surface on top is smooth. Floor tom  
has higher trunk than snare drum. 

(d) Apple 

Sphere 
Smells (depending on objects by  

aproaching them to use’s viewpoint) 

Apple has large dents on top and bottom.  
Surface is smooth. 

(e) Grapefruit Grapefruit has dent on top. Surface is smooth. 

(f) Peach 
Peach has crevice along one side with  
large dent on top. Surface is smooth. 

(g) Banana Cylinder 
Banana is thinner than snare drum and  

floor tom. Surface is smooth. 

(h) Balloon Ellipse 

Soft 

Sound of bursting 
Surface is smooth. Balloon is burst and  

sound is output if user pushes it strongly. 

(i) Gummy candy Cube 
Smell of strawberry  

(depending on objects by  
aproaching them to use’s viewpoint) 

Corners are rounded. Surfaces are  
rough and textured. Gummy candy  

is harder than balloon. 
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s  d  K K= − −F x v                      (1) 

where Ks is the spring coefficient, Kd is the damper coefficient, x  is defined as 
a vector from the contact point of the object surface to the cursor of the haptic 
interface device | x | denotes the penetration depth), and v  is the velocity of the 
cursor (see Figure 3). If the cursor is not in contact with the object surface, the 
values of x  and v  are equal to zero. 

If an object has a sound (e.g., snare drum), he/she can hear a sound via the 
headset when he/she hits the surface of the object excluding balloon. Balloon is 
burst and disappeared when he/she pushes it strongly with the device; then, 
he/she hears a sound of bursting via the headset. If an object has a smell (e.g., 
apple), he/she can perceive the smell of the object generated from the olfactory 
display by moving it toward his/her viewpoint (i.e., by bringing it close to front) 
as in [12]. The olfactory display outputs the smell by blowing air into a smell 
cartridge attached to the main body. 

In this paper, we assume that the smell of a fruit reaches a certain distance 
from the center of the fruit as in [12]. In other words, the range which the smell 
reaches is a sphere as shown in Figure 4. The sphere is called the smell space  

 

 
Figure 3. Reaction force when surface is touched by haptic interface device. 

 

 
Figure 4. Smell space of fruit. 
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[19] (corresponds to the aroma aura in [20]). When the viewpoint of a player 
enters the smell space of a fruit, the smell of the fruit is diffused by SyP@D2. 
When the viewpoint of the player goes out of the smell space, the diffusion of the 
smell is stopped. In this paper, we make sizes of the fruits in the virtual space 
and the radius of the smell space to be approximately the same to those in [12]. 
We set the distance between the olfactory display and each player’s nose to 0.3 m 
as in [12]. It takes about two seconds on average for the smell to reach the play-
er. Although the output timing of the sound and smell is different in this system, 
we do not try to adjust this because of the following two reasons. The first reason 
is that in a real world, output timings of sound and smell of objects are not the 
same. A user can hear a sound of an object as soon as he hits the object, but he 
needs to take the object close to his nose to get a smell. The second reason is that 
we investigate the fairness by focusing on the presence/absence of olfactory or 
auditory senses, not focusing on their output timings. When we run the game, a 
white board appears at center of the virtual space and two cursors appear under 
the board. When the two cursors touch the board from above, the game starts 
(see Figure 5(a)). The purpose is to maintain the fairness high at the beginning 
of the game by setting the positions of the cursors at almost the same location. 
Then, the board disappears and four objects are placed. Each question symbol is 
 

  
(a)                                         (b) 

  
(c)                                         (d) 

 
(e) 

Figure 5. Displayed images of virtual space. (a) Start of game; (b) Object selection;  
(c) Correct answer; (d) Three correct answers; (e) End of game. 
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displayed at a location where an object exists in the space (see Figure 5(b)). 
When a cursor that each player moves by using a haptic interface device touches 
the object, the word “select” is displayed above the object and the object is se-
lected to answer what it is (see Figure 5(b)). The object continues to be selected 
until he/she touches another object. In the virtual space of each player, a cursor 
of the other player is displayed, but the word “select” of the other player is not 
displayed. 

When each player identifies the selected object, he/she answers the object’s 
name by using a mouse from among a list (see Figure 1). If his/her answer is 
correct, the object appears (Figure 5(c)) as mentioned earlier, and he/she gets 
one point. Otherwise, the object does not appear and he/she loses one point. The 
two players can select the same object simultaneously as shown in Figure 5(d). 
The players’ score and time to the end of the game are displayed at the lower left 
corner of the virtual space (Figure 1). In this way, the two players compete for 
the score. 

3. Assessment System 

In our assessment, we connect the two PCs directly by an Ethernet cable 
(100BASE-TX) instead of the network in Figure 1. Subjects assess the fairness of 
the game in four cases (Smell & Sound, Sound, Smell, and None). Smells and 
sounds are presented in Case Smell & Sound, only sounds are done in Case 
Sound, and only smells are done in Case Smell. In Case None, we present neither 
smell nor sound. We employ haptic sense in all the cases. When the conditions 
of a pair of subjects are the same as each other, the game is regarded as fair [12]. 
We do not tell the subjects what their conditions are. The order of the cases pro-
vided to each subject is random. Four objects randomly-selected from among 
nine objects are placed in the 3D virtual space. When the pair answers all the 
four objects correctly (see Figure 5(e)) or the time in the game exceeds 90 
seconds, new four objects are placed again until the end of game. Totally twelve 
objects are used in each stimulus (i.e., each game competition). 

Before the assessment, we first explained the shape, softness, smell, sounds 
and characteristics of the nine objects to subjects. Each pair of subjects practiced 
the game in Case None, where the game is fair. We regarded a score in this case 
as the standard score. After the practice, whenever the game finishes, each sub-
ject was asked to give a value of 1 to 5 for each stimulus based on the five-grade 
quality scale (see Table 2) by comparing to the standard score, and they took a 
rest for two minutes. We obtained MOS by averaging the values of all the sub-
jects. The room temperature was set to 26˚C [13]. Each subject operated the 
haptic interface device and the mouse with only the dominant hand. In this 
work, we carried out the assessment with 16 subjects [11] (males) whose ages 
were between 22 and 24. It is also important to carry out QoE assessments with 
females and people (both males and females) with different ages to know wheth-
er there is a gender and age biases on assessment results or not. This is our fu-
ture work. 
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Table 2. Five-grade quality scale. 

Score Description 

5 Fair 

4 Rather fair 

3 Neither fair nor unfair 

2 Rather unfair 

1 Unfair 

4. Assessment Results 

In Figure 6, we show MOS of fairness for combinations of the four cases pre-
sented to each pair of subjects. For example, the combination of (Case Sound, 
Case Smell) means that Case Sound is presented to a subject of the pair and Case 
Smell is presented to the other subject. In Figure 7, we plot MOS of fairness for 
each case in every combination. In the figure, for example, the combination of 
(Case Sound, Case Smell) means that the left bar shows MOS of Case Sound and 
the right bar shows that of Case Smell. Figure 8 shows the number of correct 
answers for each combination of cases. Also, in Figure 9, we show the number 
of correct answers for each case in every combination. Moreover, the number of 
incorrect answers for each combination is drawn in Figure 10, and the number 
of incorrect answers for each case in every combination is plotted in Figure 11. 
The 95% confidence intervals are also plotted in all the figures. 

From Figure 6, we see that MOS values are high in (Case Smell & Sound, Case 
Smell & Sound), (Case Sound, Case Sound), (Case Smell, Case Smell), and (Case 
None, Case None). This is because the subjects are in the same condition, and 
they feel the fairness high. We carried out T-test [21] to examine whether signif-
icant differences. As a result, we noticed that there is no significant difference 
between conditions with 5% level of significance between the four conditions. 
We also find in Figure 6 that MOS becomes smaller as the number of different 
conditions of a pair of subjects becomes larger. In (Case Smell & Sound, Case 
None) and (Case Sound, Case Smell), we see that the MOS values are low be-
cause there are two different conditions between subjects of each pair. For ex-
ample, in (Case Smell & Sound, Case None), one of the subjects can perceive 
both smells and sounds of objects when the other subject can perceive neither 
smell nor sound. Also, in (Case Smell & Sound, Case Sound) and (Case Smell & 
Sound, Case Smell), there is only one different condition between the two sub-
jects. Therefore, the MOS values are higher than those of the combinations 
which have two different conditions between the subjects. As a result of T-test, 
we noticed that there are significant differences between the conditions. Howev-
er, in Figure 6, even though the number of different conditions is the same, 
MOS of (Case Smell & Sound, Case Smell) is smaller than that of (Case 
Smell\&Sound, Case Sound). The reason is as follows. In order to perceive the 
smell of an object, a subject has to move an object closer to his viewpoint. Thus, 
it is easy to find the different conditions between himself/herself and the oppo- 



R. Arima et al. 
 

137 

 
Figure 6. MOS of fairness for combinations of cases. 

 

 
Figure 7. MOS of fairness for each case of combination. 

 

 
Figure 8. Average number of correct answers for combinations of cases. 
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Figure 9. Average number of correct answers for each cases of combination. 
 

 
Figure 10. Average number of incorrect answers for combinations of cases. 
 

 
Figure 11. Average number of incorrect answers for each case of combination. 
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nent from the movement of the object in the virtual environment. For the same 
reason, MOS of (Case Smell, Case None) is also smaller than that of (Case 
Sound, Case None). From the analysis of T-Test, we also see that there are sig-
nificant differences between the combinations. 

From Figure 7, we find that MOS of a subject of each pair who uses more 
senses is somewhat larger than that of the other subject of the pair. For example, 
in (Case Smell & Sound, Case None), MOS of a subject in Case Smell & Sound is 
larger than that of a subject in Case None. This means that the subject who uses 
less senses easily notice the difference conditions between himself/herself and 
his/her opponent.  

In Figure 8, we cannot see large differences among the numbers of correct 
answers for the combination of cases. As the maximum number of correct an-
swers is twelve, we get the average value about 6.  

Figure 9 reveals that a subject who uses more senses than his opponent ob-
tains more scores. In (Case Sound, Case Smell), the number of correct answers 
in Case Sound is larger than that in Case Smell. This is because the subject of 
Case Sound can answer faster than the opponent as he can hear a sound as soon 
as he hits an object with sound. Note that it takes about two seconds on average 
for a smell to reach a subject. Therefore, he gets chance to be able to identify 
more number of objects than the opponent. 

From Figure 10, we notice that the number of incorrect answers of the subject 
who can perceive smell is smaller than the subject who cannot perceive the 
smell. For example, in (Case Sound, Case None) and (Case Smell, Case None), 
the average number of incorrect answers in (Case Smell, Case None) is smaller 
than that in (Case Sound, Case None). This is because the number of objects 
with smell is larger than the number of objects with sounds. That is, the five ob-
jects have smells, and the four objects have sounds. Also, whether olfaction is 
presented or not, balloon (i.e., one of soft objects) can be easily distinguished 
from gummy candy, which is the other soft object. Therefore, there are more 
opportunities for a subject who can perceive smells to make correct answers. In 
Figure 11, we also note that the subject who can perceive smells make less in-
correct answers than his opponent. For example, in (Case Sound, Case Smell), 
the average number of incorrect answers in Case Smell is smaller than that in 
Case Sound. 

5. Conclusions 

In this paper, we investigated the influence of whether olfactory and auditory 
senses are used or not on the fairness between players in a networked virtual 3D 
object identification game with haptics by carrying out QoE assessment. As a 
result, we found that MOS of fairness is large when a pair of subjects is in the 
same conditions, and it is small when they are in different conditions. We also 
noticed that MOS when only smell is presented is smaller than that when only 
sounds are done. We further illustrated that MOS becomes smaller as the num-
ber of different conditions of a pair of subjects becomes larger. We saw that 



R. Arima et al. 
 

140 

MOS values are different among the pairs of subjects depending on the type of 
perceived media even though there exists the same number of different condi-
tions for the pairs. These results may help to game developers when they take 
measures for game design in terms of fairness in the virtual environment. 

As our future work, we need to obtain more generalized results about fairness. 
To this end, we will add new types of objects in the game to assess the fairness. 
For example, it is important to carry out the assessment by using other types of 
smells. Effects of olfactory sense should be investigated in several types of net-
worked multisensory applications. We will further carry out the assessment with 
people who have different backgrounds and different ages. 
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