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Abstract In this paper, we propose an evaluation model to evaluate the usability of locomotion
technologies in a virtual environment (VE; Virtual Environment) and try to verify them through a case
study. The order of this study firstly, the factors for analysis are derived through theoretical approach
to locomotion technology on VR. Second, the definition and concept of mobile technology and usability
evaluation in VR are established theoretically and the elements for analysis are derived through the
literature survey through the theoretical approach to VE. Third, based on this, a usability evaluation
model is proposed to evaluate locomotion technologies in the VE. Finally, the results are derived by
experimenting and analyzing the existing VR games applied with the three locomotion technologies
derived from the literature survey. Through this paper, the locomotion technology in VR is not used
separately, but can propose mobile technology that conforms to VR game content characteristics by
assessing its usability and analyzing it, and it is considered to be a significant data that can suggest

criteria for identifying problems in locomotion technology.
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Fig. 1. The example of Real—Walking
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Fig. 3. The example of Controller
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Distance

Describe
Accuracy,
Time, Speed
Easiness (E),Fatigue (F),

Naturalness( N ),Pleasantness( P ),Mobility (M)
generated by the user while performing the task
Discrete (e.g.,switching; Analog(e.g.,navigating)

Input device [single, compound];

Output device [single, compound]

The physical response (such as static, dynamic, etc.)

Primitive(e.g. move), complex
[serial(e.g. resize after move, parallel(ressize and
move)]

Efficiency
Satisfaction
Modality
Task
T/0 device

Classification
Effectiveness

Table 1. Evaluated factors of locomotion technology
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Table 2. Evaluated factors of Virtual Environment

Classification Describe

The system and interface should stay in synchrony
with human head & body movement in real time
to prevent lag.

Synchronous
Body Movements

The system should account for the real—world

Physical Space . ) . .
¥ Sp physical space users’ occupy when interacting

Constraints with the system.
. The system should immerse the user in virtual
Immersion . . . .
reality, specific to visual realism.
o1 The system should promote a streamlined
Glitchiness . . Lo )
experience by keeping systematic glitches low.
The system should be able to rely on itself for all
Minimize usage; that is, keep all necessary user tasks and
switching information within VR, instead of creating tasks
between actual |that the user may only be able to execute when

and virtual world | VR headset is taken of or information that can only

be accessed by taking headset off.

The cord of the system should be designed such
that VR usage requires minimal maintenance, e.g.

Cord Design providing adequate length and mobility to keep
entanglement to a minimum.
Headset Comfort The headset of the system should be designed to

be comfortable for prolonged wear.

The system should be designed to prevent
sensations of physical illness during use, by
preventing jarring movement lag, increasing
realism of visuals, and so on.

Mental Comfort

The system’s interface and hardware controls
should have a intuitive design and navigation,
adhering to usability conventions.

User Interface
Design

o
(24
o

3 Physical Space
Distance(D) Constraints(PS

Time(T) Immersion{lm)

Speed(S) Glitchiness(G)
Satisfaction(Sa) ;w&t‘cn!’lﬂbugt‘mdrgal

Modality(M) Cord Design(CD)

Task(Ta) Headset Comfort(HC)

170 device(De) Mental Comfort(MC)

User Interface
Design(UID]

Interaction(l)

~
N

~ >

Locomotion in Virtual Environment

~
Survey + SP5S

Fig. 4. Usability Evaluation model of Locomotion
Technology in VE
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Table 3. Categories of Questionnaires

Category

Questionnaires

Efficiency

(Q1) How does moving time affect immersion when using
locomotion technology?

(Q2) How does moving speed affect immersion when
using locomotion technology?

Effectivene
ss

(Q3) How accurately reach desired destination when using
locomotion technology?

(Q4) How the movement of the field of view accurately
follow the movement of the body when using locomotion
technology?

(Q5) How does moving distance affect immersion when
using locomotion technology?

Ease of
learning

(Q6) How easy to learn when hen using locomotion
technology?

Ease of
memory

(Q7) How easy to memory hen using locomotion
technology?

(Q8) Did the user succeed in executing the given tasks
and how well did he/she perform when using locomotion
technology?

Ease of
understandi
ng

(Q9) How easy to understanding when using locomotion
technology?

Feedback

(Q10) How do you feel tired when using locomotion
technology?

(Q11) How do you feel when using locomotion technology?
Is it comfortable?

Guideline

(Q12) How satisfied was the user while moving ?

Flexibility

(Q13) How flexibility in manipulating locomotion
technology?

(Q14) How the flexibility of the switching between real
world and virtual world when using locomotion technology?
(eg, when the headset is removed, can the task be
completed accurately?)

(Q15) Did the user understand the usage of modes? Was
the user able to switch flexibility between the modes
properly?

Catholicity

(Q16) How about the comfort of the headset while
moving ?

(Q17) How rationality of the design of the connecting line
when moving in a virtual environment, is it easy to be
tripped when moving by real—walking?

Stability

(Q18) How the interface navigation, device connection,
display settings and interaction between when moving in
a virtual environment?
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