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Abstract. Interaction efficiency is an important concern in game playing, due to 
that it reflects the degree of how promptly users respond and dominates user ex-
perience. To understand the relationships between interaction efficiency and dis-
tance in motion-sensing games, this paper conducted empirical studies to assess 
user performance (mostly hand gesture movements) at various interaction dis-
tances. The results identify the existence of ‘low point’ at which users responded 
less efficiently, the range of ‘low point’ values was much smaller than that of 
usual distances as we selected though. Beyond that, interaction efficiency recov-
ered quickly to a steadily high level with distance increase. The results implied 
the distance’s direct influence on interaction efficiency in motion-sensing game 
playing, and it also shows new avenues to address the interaction efficiency in 
game playing according to standing distances. Furthermore, guidelines were 
provided to assist game developers to fully consider the role of distance. 

Keywords: Interaction efficiency, game interface, hand track, distance effect, 
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1 Introduction 

Motion sensing technology such as hand gesture detection provides new opportunities 
for human-computer interaction with more natural interfaces. In the domain of game 
playing, it transforms traditional interaction ways into novel ones by introducing ‘mo-
tion-sensing game’. To date such interaction has been gradually acquainted by game 
players, to whom the interaction efficiency is constantly concerned at the first place. 
Since interaction efficiency has overwhelmed influence on game user experience, 
research in how to respond promptly and precisely with the new motion-sensing tech-
nology has gained increasing interests. 

This paper is aimed at investigating the relationships between interaction efficiency 
and the distance in motion-sensing game playing. In order to understand how the 
distance at which the users stand influences the general interaction efficiency in game 
playing, empirical studies were carried out to observe and compare users’ game per-
formances. On the basis of that, the roles of distance were analyzed and the influence 
was summarized. More importantly, further implications were discussed thus to pro-
vide guidelines for future motion-sensing game development, and that also provided 
new perspectives for considering the distance in motion-sensing interaction design. 



Distance Effect: Where You Stand Determines How Promptly You Interact with Game 615 

 

2 Related Works 

2.1 Interaction Efficiency in Motion-Sensing Game Playing 

Motion sensing technologies, especially hand gesture recognition are increasingly 
applied in interactive video games since 3D depth cameras such as the Microsoft Ki-
nect sensor arose [1]. As a natural and intuitive interaction measure, the gesture be-
gins to role as one of the most primary and expressive forms of operation mode [2]. 
Be regarded as a mechanism for interaction [3], interaction efficiency of gesture rec-
ognition affects user’s manipulation experience in motion sensing games. According 
to Murthy and Jadon, for making a highly effective gesture recognition system, four 
principles are required: Robustness, Computational efficiency, User’s tolerance and 
Scalability. To this end a superior interactive system with high interaction efficiency 
for game playing are also supposed to possess such principles appropriately. 

As mentioned in other studies, gesture interaction concerns complex factors,  
including computer vision and graphics, image processing, learning mechanism, bio-
informatics and human-related psychology [3]. The interaction efficiency can be  
affected by any of these factors. From hand gesture recognition algorithms’ perspec-
tives, there are well developed techniques to enable accurate gesture recognition for 
both experimental and commercial purpose. However, research in interaction factors 
(such as the distance) and responding behaviors is little. Therefore, in this paper ro-
bust algorithms were adopted to investigate the relationships between interaction 
efficiency and the distance. Such algorithms had three main tasks, including detec-
tion, tracking and recognition, which reflected the accuracy, efficiency and robustness 
of motion-sensing interaction respectively [4-7]. 

2.2 Distance-Related Optimization in Gestural Interaction 

Despite the large amount of optimization algorithms regarding to the improvement of 
hand gesture recognition, factors concerning interaction behaviors, such as the dis-
tance between hands and display are still implicit in the specific domain. The fact is, 
as a complementary influential element, distance was focused in other traditional 
fields. 

In research work of Lee, the relationships between distance and ambient conditions 
(such as the display size and illumination) was evaluated, and it revealed user’s  
tendency (preference) of distance (in TV watching) according to various sizes and 
illumination intensity [8]. Another research by Shieh and Lee explored the satisfied 
distance by user under different conditions (light sources, ambient illuminations, and 
character sizes) in E-reading [9]. In other studies, the distance was assessed to reflect 
the accuracy of Kinect depth data in [10] and thus found the random error of depth 
measurement increases with distance increase, which lowered the recognition accura-
cy. However, these studies considered distance more as an ergonomic factor, from 
interaction efficiency perspectives the understanding is still preliminary. 

The importance of distance in previous studies is claimed as an additional and in-
essential factor to algorithm effectiveness. As a result, the emphasis on the role of 
distance in motion-sensing interaction was insufficient. To date the progress of ges-
ture recognition techniques have made the distance not only an ergonomic factor but 
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also (only more importantly) a factor that dominates overall user experience. The 
increasing popularity of virtual competition -based game is a good example of that.  
As Jaffe et al. discussed in their work [11], the balance amongst game factors deter-
mines the depth, fairness and engagement of game playing. When it comes to motion-
sensing game, such balance has not been well gained. So via comparisons of game 
playing at various distances, this paper raises the awareness of the relationships  
between interaction efficiency and distance. 

3 Method of Study 

An empirical study was conducted via observing and comparing interactions at mul-
tiple distances. The laboratory-based study evaluated the differences in terms of hand 
gesture movement. To highlight the distance as the solo variable, the study was car-
ried out in forms of within-subject experiment. 

3.1 Independent Variable and Dependent Variable 

Independent Variable. The only independent variable in our study is determined by 
how far the subject stood away from the interactive object, namely the distance from 
hand to the display, which was captured by 3D depth camera in our study. As the 
hand moving freely during the experiment, the depth value is changing accordingly. 
Thus, the depth data captured for each test per subject is floating, and average values 
were calculated in data analysis. 

Dependent Variable. Dependent variables in the study include the cursor moving 
speed. By hand tracking program, subjects’ hand moving was tracked and drove the 
mouse cursor on interface. Thus, cursor’s speed was the substitution of subjects’ hand 
moving speed. As a result, a higher moving speed means accessing targets more 
quickly and interacting more promptly. 

3.2 Subjects 

There were 27 subjects (17 male and 10 female) recruited in the study with an average 
age of 25. All subjects were undergraduate students and Ph.D candidates from local 
universities and were recruited through campus BBS. All subjects had heard about 
motion sensing games before, but only 3 of them had experience with motion sensing 
interaction. They received $5 for their participation. 

3.3 Apparatus 

The experiment was conducted in a lab equipped with a wall-sized large display (70 
inches: 1587mm × 975mm, resolution ratio: 1920 × 1280). A motion-sensing camera 
(ASUS Xtion PRO LIVE) was set underneath the display. The program drove the 
camera to track the subjects’ hand gestures and make the mouse cursor to be bounded 
to move on the interface with hand moving synchronously. The program was also 
devised to record the depth data of hand constantly and the coordinate values of mov-
ing cursor per 30 mili-seconds. 
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Geographic Map. Given many other elements might aff
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Fig. 2. Experiment scenario (th
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Table 1. Dist

Fig. 3.

Participant
(Serial : Sex)

Distances (mm)

1191.7
1526.9
1220.9
1481.2
676.9
987.9

1770.3
777.2

1092.1
1745
919.3

1237.6
1624.7
1156.5
1595.2
2180.5
1103

1363.2
1739.2
763.6

1277.8
1438.5
2003.1
994.5

1334.5
1810.3

1108.5
1312.4
1704

1229.3
1717.1
2155.4
1139

1531.8
2034.5

M

1278.1

13

01

02

03

04

05

06

11

07

08

09

10

12

14
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tance (depth) and moving speed for each subject 

. Overall efficiency with distance increase 

Participant
(Serial : Sex)

Distances (mm)

259.2 1661.9 222.1
321 1780.3 318.1

287.5 974.3 212.7
215.5 1020.5 163.3
286.4 1577.5 239.6
164.6 1369.1 288.7
217.3 1986.6 672.7
282.1 1039.1 232.1
174.4 1540.7 455.1
210 2045 400.4

246.8 846.6 383.1
185.6 1450.3 333.2
259.6 1889 407
191.2 1061.5 278.4
238.2 1312.2 282.7
279.5 1528.7 345.3
178.6 1062.3 283.1
406.2 1378.2 403.7
222.1 1627.9 394.3
281.2 992.6 354.8
243 1295.2 251.6

244.8 1775.4 408.9
605.4 924.7 288.8
367.9 1190 275.4
324.3 1634.9 325.2
357.4 1247.4 209.2

1584.9 325
1947.5 186.7

205.7 656.3 381.9
326.1 1178.6 451.2
261.7 2286.6 560.8
232.6 985.9 218.3
242.8 1590.9 230.5
284.9 2025.6 262.8
410.3 910.9 195.8
319.4 1304.8 255.2
286.1 1642.8 307.5

25

26

Mean Moving Speed
(Pixels / Second)

Mean Moving Speed
 (Pixels / Second)

328.5

15

16

17

18

19

20

21

22

23

24

27
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Fig. 4. Distance-relate

Beyond the “low point”
This finding revealed that t
helps subjects respond mor
interactions or to adjust the
tances (see Figure 5). Two 
ers or for optimizing operat

1. A distance-adapted gest
distance gap. Different l
cording to distance. The
mechanism with distanc
distance changing with d
distance affects interacti
chanism should be carri
games precisely, but ind
program more complex.
nection, pre-test of effici

2. Another alternative sugg
instance, reminder can b
distance. Since the distan
teraction, this method ca
But it can really be utili
gesting standing at a fart

To sum up, these two sugge
balance for competitors, wh
to the individual. This will 
in which there are strict re
suggestion can be applied t
rather than to supply gam
achievements, user interfac
recommending standing far

d R. Peng 

ed interaction efficiency according to individual subjects 

”, interaction efficiency improved with distances increa
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an not balance the distance factor between game play
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Fig. 5. Gamers co

5 Conclusion 

The study has explored us
finding showed that the dist
From this root, suggestions
relatively greater distance c
ize players’ operation agili
competition participants. 
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