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Model comparison: Bias

MLE

Vision Only.

Haptic Only.

Simple Avg.

Switch Var.

MLE

Haptic Only.

Simple Avg.

Haptic estimates of depth were less variable than visual estimates. Unlike vision, haptic
variability did not increase with increasing board size.

Main effects: Board Size (F (2,12) = 0.02, p = 0.981); Model Comparison (F (4, 24) = 0.60, p = 0.665)
Interactions: Board Size and Model Comparison (F (8, 48) = 2.04 p = 0.061).
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Participants became less veridical as board size increased; with significantly larger biases on the large board compared to the small board (P = 0.029)
Main effects: Board Size (F (2,12) = 8.20, p = 0.006); Cue Condition (F (2, 12) = 0.75, p = 0.492)
Interactions: Board Size and Cue Condition (F (4, 24) = 1.56, p = 0.218).
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Variability in depth judgments (defined as the sigma of the fitted cumulative Gaussian) for vision increased with board size, as expected, but not for haptics (means for small, medium and large boards for the Vision
only cue: 5.95, 8.69 and 16.98 cm compared to 3.62, 3.88 and 4.93 cm for the Haptic only cue. Participants were significantly more precise using haptics compared to vision alone (P <0.001).
Main effects: Board Size (F (2,12) = 5.78, p = 0.017); Cue Condition (F (1.13, 6.79) = 17.74, p = 0.04)
Interactions: Board Size and Cue Condition (F (2.56, 15.37) = 3.01, p = 0.07).

Depth Judgments
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Task Summary

Visual- Haptic cue:

One combined cue condition:

Three conditions

2AFC task: is the target nearer or further than the plane defined by three reference
spheres?
Two single cue conditions:
Vision only cue:

Haptic only cue:

Switch to minimum variance model:
(online switching to most reliable cue
estimate)

Simple average model: An average of the
two individual cues without any weighting

To investigate how people may combine visual and haptic information for locating objects 5
cue combination models were tested:
•
•

Vision only model: Based entirely on the •
Vision only cue
Haptic only model: Based entirely on the
Haptic only cue
•
Maximum Likelihood Estimation model:
(A weighted avg. based on individual cue
reliability.)
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(A) Seven participants explored (using vision, haptics or a combination of both) three spheres
defining a reference plane. (B) A blank (1.5 sec) ISI while the robot moves the target into
position. (C) The target appears, varied in depth relative to the reference spheres. Participants
explore the target (using vision, haptics, or a combination of the two). (D) Participants make a
forced choice judgement on the depth of the target relative to the plane defined by the three
reference spheres. (E) A blank (1.5 sec) ISI while the robot moves to neutral position. The
headphone symbols represent white noise played to participants via headphones during the ISI
to mask the noise of the robot’s movement.
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As board size increases people become more variable and less veridical
High variability between people makes it difficult to distinguish between models

Conclusion

Main effects: Board Size (F (2,12) = 2.77, p = 0.102); Model Comparison (F (4, 24) = 1.47, p = 0.242)
Interactions: Board Size and Model Comparison (F (8, 48) = 0.8 p = 0.607).
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Do vision and haptics show similar patterns in
performance for locating objects in 3D space?
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How is the information combined?

Method
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Left Panel: Shows the three reference spheres arranged around the circular cut out of the
board. The central sphere represents the target which moved in depth relative to the three
reference spheres. Right panel: The dashed black line shows the centre of the reference
plane defined by the three spheres. Dashed red spheres represent example potential target
locations. Targets could appear up to ±10 cm from the centre of the reference plane.
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