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Angle bias and variability across target directions.

In addition to differences in the average angular bias and variability between input devices, we
found large heterogeneity in both measures across target angle (Supplementary Figure 1). The effect of
target direction on angular biases and their amelioration with feedback is well documented (Ghilardi et al.,
1995), and recent work demonstrates these patterns differ slightly across arm and trackpad movements
(Wang et al., 2024). These patterns also differ between mouse and trackpad movements, in particular
when no visual feedback of movements is provided. The peak-to-peak magnitude (difference in maximum
vs minimum bias) for users with no feedback was 25.0° for trackpad users and 11.2° for mouse users,
which reduced to 3.9° and 3.6° respectively when visual feedback was provided. We found main effects of
input device (𝐹1,149 = 35.60, 𝜂2

𝑔 = .06, 𝑝 < .001) and target angle (𝐹7.58,1128.89 = 44.03, 𝜂2
𝑔 = .18, 𝑝 <

.001), but no main effect of feedback (𝐹1,149 = 0.02, 𝜂2
𝑔 < .01, 𝑝 = .896). All two-way interactions

(𝐹 > 14.04, 𝜂2
𝑔 > .03, 𝑝′𝑠 < .001) and the three-way interaction (𝐹7.58,1128.89 = 11.36, 𝜂2

𝑔 = .05, 𝑝 <
.001) were also significant. Note that Greenhouse-Geisser sphericity corrections were applied for terms
including target direction. Consistent with previous work (Wang et al., 2024) we found that the bias
functions correlated well within input device across groups (Mouse: Pearson’s 𝑟22 = .57, 𝑝 = .003 r_22
= .57,p = .003; Trackpad: 𝑟22 = .83, 𝑝 < .001).

We also found a distinct pattern of variability across target directions both with and without visual
feedback, where variability appeared to reach local minima for cardinal directions. We found main effects
of input device (𝐹1,149 = 7.87, 𝜂2

𝑔 = .02, 𝑝 = .006), feedback (𝐹1,149 = 25.31, 𝜂2
𝑔 = .06, 𝑝 < .001), and

target angle (𝐹17.89,2665.47 = 9.72, 𝜂2
𝑔 = .04, 𝑝 < .001). There was no interaction between input device

and pointer (𝐹1,149 = 0.00, 𝜂2
𝑔 < .01, 𝑝 = .973), but the other two-way interactions (𝐹 > 2.65, 𝜂2

𝑔 >

.01, 𝑝′𝑠 < .001) and the three-way interaction (𝐹17.89,2665.47 = 1.82, 𝜂2
𝑔 = .01, 𝑝 = .018) were significant.

Note that Greenhouse-Geisser sphericity corrections were applied for terms including target direction.
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Supplementary Figure 1

Differences in bias and variability in hand angle across direction.
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Note. A target angle of 0° is directly to the right of the start point, with positive angles going counter-
clockwise.
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