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Abstract  This paper’s objectives are to investigate the criteria for ergonomic evaluation of indoor bike
coordinated with virtual images, and to compare HMD-based VR bike with 2D-based one. 12 experts performed
delphi method with an aim to determine ergonomic evaluation criteria that were classified into 4
categories(Usability, Emotion, User Values, Reality). 2D-based bike and HMD-based one were compared
according to part of final criteria through fuzzy-logic question performed by 20 subjects. Though there were no
confidential difference in usability, HMD-based VR bicycle resulted in greater scores than 2D-based one in
elements related with emotion, user value and reality statistically. It is expected that this research results will
be used as references to evaluate ergonomic design of other indoor exercise equipments combined with VR or AR.
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[Fig. 1] VR bike combined with TV
(source :http://www.barrons.com/articles/virtual-reality-hits-its
—stride-with-zwift-cycling-game—1468641596)
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<Table 1> Result of Delphi(1st & 2nd)
- Elements M | SD | DCVG | DCCS | Ng | CVR |Decision
Simple operation 483 | 0.39 0 1 12 | 1.00 O
Ease of system access 467 | 065 0 1 11 0.83 O
System control through HMD 450 | 067 0 1 11 0.83 O
Accuracy of the operation 450 | 067 0 1 1 | 083 (0]
Providing information(Current position, Direction, Speed etc.) through HMD | 4.33 | 0.65 0 1 1 | 083 (0]
. Clear background display 467 | 049 0 1 1 | 083 O
Usability — - - - — -
a3) Recognition of information provided 450 | 052 0 1 12 1.00 O
Easy menu control 425 | 062 0 1 12 1.00 O
Easy memory of operation process 450 | 052 0 1 11 0.83 O
Intuitional understanding how to use the system 450 | 052 0 1 12 | 1.00 O
Preventive function of human errors(Cancel, Warning, etc.) 4.25 | 0.75 0 1 10 | 067 (0]
Feedback related with inputs 425 | 062 0 1 10 | 067 O
Providing of help function 433 | 065 0 1 1 | 083 O
Refined design 4331 0.78 0 1 10 | 067 O
Simple design 442 067 0 1 11 | 083 O
i High quality and low price 458 | 067 0 1 11 0.83 O
Emotional 15 g users’ interest 125062 0 1 o8| o
as(‘;“ Immersing degree 458 | 067| 0 1 |1 ]os| o
Less display fatigue(simulation sickness) 467 | 049 0 1 12 1.00 O
Attractive texture 392 | 1.00 0 1 8 | 0.33 |rejected
Attractive color 358 | 1.08 0 1 6 | 0.00 |rejected
Feeling achievement 37 | 114 0 1 10 | 067 (6]
Self-satisfaction 367 | 1.30 0 1 10 | 067 O
Feeling joyful 450 | 052 0 1 12 | 1.00 (0]
User values Providing energy and vigor 433 | 065 0 1 1 | 083 O
@) Useful to operator 433 | 065 0 1 1 | 083 (0]
Able to change the system specifications to operator’s preference 442 | 067 0 1 11 | 083 O
Unique and interesting system 383 | 094 0 1 10 | 067 O
Valuable and precious system 383 | 094 0 1 10 | 067 O
Feeling social human network 292 | 1.24 0 1 3 | -0.50 | rejected
Adjusting left and right direction through handle 5.00 | 0.00 0 1 12 | 1.00 O
Adjusting velocity through pedal 5.00 | 0.00 0 1 12 | 1.00 O
Dimensional movements of bicycle 475 | 045 0 1 1 | 083 O
Reflecting the effect of operator COP change on bicycle movement 492 1 029 0 1 12 | 1.00 (0]
Menu selection according to operator’'s gaze 400 | 1.04 0 1 10 | 067 O
Degree of FOV(Field of View) according to lateral head motion 467 | 049 0 1 12 | 1.00 (0]
Degree of FOR(Field of Range) according to up—and-down head motion | 467 | 0.49 0 1 12 | 1.00 (0]
S:;‘aslft;f Degree of satisfaction related with total distance driven 475 (045 0 1 2 [10] o
ae) Degree of satisfaction related with road width 467 | 049 0 1 12 1.00 O
Degree of satisfaction related with a variety of road conditions 458 | 051 0 1 12 | 1.00 O
Degree of satisfaction related with a variety of curved roads 467 | 065 0 1 11 0.83 O
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1309 ARAEE 7]207 2D9} 3D VRo] 414
O & Fo8A] dolr | & Pairwise t-TestS At

Mean(SD) P-value
- Criteria (Pairwise
2D SD VR t-Test)
Usability Clear background display 1.71(0.37) 1.70(0.48) 0.7
(2) Recognition of information provided 1.24(0.38) 1.55(0.46) 0.157
Emotional | Causing users’ interest 1.85(0.32) 1.91(0.38) 0.656"
aspect Immersing degree 1.90(0.31) 2.38(0.35) 0.041*
(3) Less display fatigue(simulation sickness) 1.40(0.40) 1.09(0.86) 0.222°
Self-satisfaction 1.13(0.29) 1.58(0.32) 0.009™
User Feeling joyful 00(0.34) 1.88(0.29) 0.398"
values Providing energy and vigor 1.86(0.40) 1.78(0.43) 0.601"
(B) Unique and interesting system 0000.41) 2.08(0.86) 0.764"
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