














 
Figure 6. (a) Predicted and observed error rates for each 
A×W×MT% across levels of MT%. (b) Averaged over ID for each 
level of MT%. 

pointing error rates; from these results, it is clear that W and 
A do not contribute proportionally, indicating a departure 
from Fitts’ law. 

DISCUSSION 
On the whole, our error model for pointing provides good 
error-rate predictions (Figure 5). Although models are 
always imperfect and measurements noisy, the match 
between error rate predictions and observed error rates is 
strong, especially given the contrived nature of 
experimentally controlled movement times. Our data 
confirm the logarithmic speed-accuracy tradeoff and the 
relative harmony between our metronome-guided pointing 
and pointing modeled by Fitts’ law (Figure 4). This itself is 
noteworthy, as prior metronome studies [26,34,35] often 
exhibit a linear speed-accuracy tradeoff. 

As Figure 2b shows, the values for Fitts’ a and b 
coefficients substantially affect predicted error rates. Future 
work is necessary to tease out the sensitivities of the error 
model to its parameters. Our own explorations indicate that 
a and b should be elicited from trials that span the 
movement times of interest. We discovered that single per-
participant values for a and b improve model predictions 
compared to separate a and b values for each level of MT%, 
or values from a subset of MT%s. These insights are 
consistent with Zhai et al. [37]. Also, a and b values from 
traditional Fitts tasks, where error rates are held at 4% (e.g., 
phase one), make for poor error model predictions. Instead, 
when eliciting a and b for use with the error model, 
Crossman’s correction should be applied, all movement 
time conditions should be pooled, and per-participant a and 
b should be elicited. 

 
Figure 7. (a) Observed error rates grouped by levels of A show an 
intermixing of rates consistent with ID and the error model. (b) 
When grouped by levels of W, banding appears, indicating error 
rates are overly influenced by W compared to A. 

It is important to emphasize that neither the metronome nor 
the notion of “MT%” is necessary for a and b elicitation; 
these were only used for experimental manipulation. 
Likewise, for fitting an instance of the error model, it is not 
necessary to run the traditional Fitts calibration trials from 
phase one. The error model for pointing (Eq. 12) uses raw 
time values (MTe), so it is only necessary to use trials that 
cover a range of MTe along with varied A and W. In other 
words, a researcher wishing to successfully employ the 
error model only needs to manipulate A and W (as with any 
Fitts study) and elicit movements that cover a range of slow 
and fast speeds (MTe). 

W’s disproportionate effect on error rates is important 
because it is at odds with Fitts’ notion of ID. Zhai et al. [37] 
had similar findings: Large target widths are under-utilized, 
while small target widths are over-utilized. Even within the 
same level of ID, Wallace and Newell [30] found lower 
error rates for larger W. And C. L. MacKenzie et al. [14] 
found that velocity profiles are determined much more by 
W than by A, which may be a clue. Clearly, more work is 
necessary to refine W’s role in the error model for pointing. 

Finally, we should note that an error model is useful in 
areas of human factors outside HCI. For example, on an 
assembly line, inspectors might have limited time to grab 
items as they pass by. And the design of aircraft cockpit 
controls, with which Fitts himself was quite familiar [7], 
might be informed by better error prediction and estimation. 

FUTURE WORK 
As noted, further work should tease out the model’s 
sensitivity to the a and b coefficients, discovering exactly  



 
Figure 8. (a) Movement time follows Fitts’ law according to ID, with 
proportional influence from W and A. (b) Error model predictions 
follow suit, owing to their basis in Fitts’ law. (c) Observed error rates 
indicate a discontinuity, where lower IDs with smaller targets have 
higher error rates than the model predicts. (d) Error rate over-
estimation is higher for larger W and lower for smaller W. 

how their elicitation affects model performance. Also, we 
should discover more precisely the role of W and its 
relationship to A in determining pointing errors; clearly the 
idea of “equal but inverse contribution,” so firmly rooted in 
Fitts’ law, does not entirely apply. Other future work should 
test the model in different experimental conditions, where 
MTe is not controlled by a metronome, but instead, perhaps, 
by different payment schemes [9] or reinforcement [37]. 
The model also should be tested for discrete movements, 
rather than Fitts’ reciprocal tapping. Also, the model should 

be tested with a stylus, where arrival at a target and 
selection of that target are bound. If a metronome is used 
with a stylus, it may be difficult to maintain Fitts’ 
logarithmic speed-accuracy tradeoff; perhaps a Schmidt-
based error model for pointing could be similarly effective. 
(The same mathematical process applied to Eq. 5 could be 
applied to Eq. 14.) 

CONCLUSION 
The field of human-computer interaction has benefited over 
the years from quantitative models of human performance, 
and Fitts’ law is undoubtedly the most prevalent of these. 
However, Fitts’ law is centrally concerned with movement-
time prediction, not the prediction of error rates. In this 
work, we “round out” the theory by deriving an error model 
for pointing that is strongly implied by Fitts’ law. The 
model holds over a range of target sizes, target distances, 
and movement times, although discontinuities with Fitts’ 
law emerge concerning the role of target size. Researchers, 
modelers, designers, and usability experts may benefit from 
quantitative models such as ours, which provide input for 
design and support rigorous evaluation of interactive 
systems. 
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