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Figure 1 Experimental principle (a)Discrete feedback description; (b)Operation method
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Figure 2 Relationship between force/position score and attention state in different difficulty levels
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Figure 3 Normal distribution characteristics of scores
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Figure 4 VR platform with integrated multi-region contacts force feedback and immersive visual feedback (a)Hardware
system; (b)Haptic interaction
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Figure 5 Sphere-tree model of sketchpad and brush
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Algorithm 1 T BRAT IR 1 Al A I vk

Input: sphere-trees of two objects, with root spheres s; and sg;

Output: Sieqf;

1: stack S <= 0;

2: Sleaf <= 0;

3: if sp intersects s then

4:  push (s1,52) to S;

5: end if

6: while S is not empty do

7 pop (s1,s2) from S;

8: S1 < children of sy;

9: So <= children of sg;

10: for each pair (s,17 .5/2)7 5/1 € 51,5/2 € Sy do
11: if s/1 intersects s; then

12: if 8/1 and 5/2 are leaf-nodes then
13: add (s;,s;) t0 Sieaf;
14: else
15: push (sll,s;) to S;
16: end if
17: end if

18: end for
19: end while
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Figure 6 Collision response using configuration-based optimization approach
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Figure 8 Experimental flow chart (a)Entire experiment; (b)A block
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Figure 9 Change of force/position score
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Figure 10 Change of attention level
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Figure 12 Time contrast between high force score, high position score, and both of them are high score
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Figure 13 Maximum duration contrast between high force score, high position score, and both of them are high score
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Abstract Accurate haptic interaction tasks require intensive activation of attentional resources. Exploration on
the relationship between haptic channel and attention is not only conducive to understand the interaction mech-
anism between human perception and cognition, but also important for the design of brain-computer interaction
system based on haptic modality. In this paper, we built a virtual reality environment incorporating the multi-
region force feedback and immersive visual displays, and developed a collaborative force-position control task to
monitor the attentional states objectively based on this platform. The force and position control performance of
users at four different difficulty levels were used to measure the attentional level and the attentional spotlight.
The user’s subjective assessment showed that the task can effectively activate attentional resources. Experimental
results showed that the task can be used as an attentional “oscilloscope” to monitor the change of attentional level
and the target of attentional spotlight with a high temporal resolution, which provides a behavioral ground-truth
for exploring attentional bio-markers.

Keywords virtual reality, haptic interaction, collaborative force-position control, attentional states
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