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ABSTRACT: This paper studies the 3D interaction performance and user experience evaluation of the virtual 3D object in
the mixed reality sand table, and puts forward interaction design principles and design suggestions. The interaction design
is carried out for the "selection” task of virtual objects outside the touchable range of both hands in the mixed reality en-
vironment. The layout mode of virtual objects is creatively introduced as an evaluation variable. And under the three typ-
ical virtual object layouts, a comparative study on the performance and user experience of three interactive modes of
hand-controlled light, head movement, eye movement and gesture coordination is carried out. Through the design of an
experimental prototype system, user experience test, experimental data analysis and evaluation, we verify the principles of
interactive design, and put forward interactive design suggestions. The experimental results show that the hand-eye col-
laborative interaction mode combined with gaze and pinch gesture has significant advantages in time, task load and user
preference. The accuracy of point and pinch interaction is the best in all the three layouts. It is suggested that the design of
"selection" task interaction in the mixed reality environment should pay attention to the principles of functionality, conti-
nuity and pleasure, and put forward some design suggestions to reduce the work load and fatigue of "selection” task in-
teraction and adopt novel interaction to improve pleasure.
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Fig.1 Scenarios of mixed reality sand table
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Tab.1 Analysis of experimental data under vertical layout
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SEQ 2.50+1.16 2.36+0.74 2.00+0.96 0.986 0.382

sSuUs 79.64+11.64 85.36+11.84 87.14+10.55 1.665 0.202
B 5.21+2.97 5.43+4.33 2.71+1.64 3.167 0.053
TR 4.93+5.05 4.71+5.34 2.64+1.91 1.162 0.324
N&2vi 5.43+4.55 4.7145.17 2.79+2.52 1.461 0.244
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i 73 3K 4.14£3.23 3.50+2.53 2.36+2.17 1.593 0.216
Aisf [ 7 K 5.57+4.16 3.71+3.56 7.14+4.45 2.482 0.097

LIRPA 3.07+0.92 4.29+0.99 3.79+0.70 6.746 0.003**

itk 3.36+0.63 4.64+0.63 3.86+0.66 14.208 0.000**

F: * P<0.05** P<0.01,
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Tab.2 Analysis of experimental data under horizontal layout

ZHITA CFAEARERE )

Al 3 F P
KF-3hF (n=14) KFE-IRF (n=14) KFE-2iF (n=14)
fi ] 47.08+8.98 27.73+6.41 35.05+7.35 22.819 0.000%*
FER 0.57+1.09 0.14+0.36 0.00+0.00 2.817 0.072
SEQ 3.57+1.70 2.71+1.33 2.64+1.69 1.495 0.237
sus 75.18+18.57 78.57+17.37 74.64+21.92 0.169 0.845
B hRE 6.79+4.23 4.64+3.75 6.64+4.38 1.179 0.318
TR 6.93+5.01 2.64+2.34 5.71+5.24 3.529 0.039*
M 57K - 6.71+5.58 3.71+2.61 4.86+4.83 1.570 0.221
[UAEEIN 7.36+4.24 3.50+2.71 8.71+5.66 5.359 0.009**
oG F7 75 5k 3.57+2.53 3.93+3.10 3.07+2.97 0.313 0.733
] T ok 7.79+5.22 3.50+2.21 8.93+6.08 4.976 0.012*
LIRS 3.00+0.96 4.36+0.50 3.36+1.15 8.333 0.001**
A 3.29+0.83 4.36+0.74 3.29+1.07 6.755 0.003**
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Fig.7 Visualization of task completion time and number of errors
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