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 A B S T R A C T

We explored the ISO 9241-411 multi-directional tapping (2D) test for evaluating computer pointing techniques. 
Based on Fitts’ law, the test evenly distributes targets around a circular layout and requires the same movement 
distance between targets for all trials in a sequence. We demonstrate that this is only possible when using an 
odd number of targets. We reviewed 200 research papers using the 2D task and found that about a third 
of them use an even number of targets, and consequently report incorrect values for throughput, reinforcing 
the need to advertise this overlooked but relevant issue. Our findings imply that adhering to an odd number 
of targets and to the correct definition of movement distance ensures methodological consistency, leading to 
valid throughput values. Consequently, we argue for revisiting and updating the ISO 9241-411 standard to 
explicitly state that an odd number of targets is required for the 2D task.
1. Introduction

Fitts’ law (Fitts, 1954) describes the relationship between movement 
time, movement distance, and selection accuracy for rapid-aimed target 
selection tasks. In human–computer interaction (HCI), Fitts’ law applies 
to point-select operations using input devices and interaction methods. 
Since Fitts’ original publication (Fitts, 1954), the law has proven to 
be one of the most robust, highly cited, and widely adopted models 
to emerge from experimental psychology (MacKenzie, 1992; Soukoreff 
and MacKenzie, 2004). For these reasons and in an effort to bring 
consistency and promote best practices, it is crucial to understand 
Fitts’ law assumptions, especially on the often-overlooked parameters 
in Fitts’ law experiments.

In this paper, we point out two common errors in calculations 
when applying Fitts’ law in a two-dimensional (2D) reciprocal target-
selection task (see Fig.  1), as per ISO 9241-411 (ISO, 2012, 2002).1 
The errors are minor, but they are errors, and they result in small 
deviations in reported values from the correct values. Furthermore, 
we demonstrate in an extensive literature review that the errors are 
common in published research.

An aspect that has not received sufficient attention is the number of 
targets in the 2D test. See Fig.  2. In particular and as demonstrated in 
this paper, accurate performance measurement requires an odd number 
of targets in the 2D multi-directional tapping test. To our knowledge, 
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1 ISO 9241-411 is an updated version of ISO 9241-9. With respect to performance evaluation, the two versions of the standard are the same.
2 https://www.yorku.ca/mack/FittsLawSoftware/doc/index.html?GoFitts.html
3 https://vrevan2.github.io/fittsLaw/report.html

there are no published sources that explicitly state that an odd number 
of targets is required for the 2D task. This important point is not 
mentioned in the ISO 9241-411 standard, nor is it mentioned in the 
2004 paper by Soukoreff and MacKenzie (2004) which is the most-cited 
paper describing the 2D task.

There are, however, unpublished sources briefly mentioning this 
topic. As an example, the GoFitts application2 — a tool for Fitts’ law 
experiments — only allows an odd number of targets for the 2D task, 
with the API explaining as follows: ‘‘Using an odd number ensures that 
the distance between successive targets is the same for each trial’’. 
However, a contrary approach is found in an HTML5-based imple-
mentation3 that only allows an even number of targets, and without 
providing a rationale. While GoFitts is used in some published research 
(e.g., (Pagan et al., 2022; Wührl et al., 2024; Li et al., 2022; Thushara 
et al., 2024; Schachner and Doyon-Poulin, 2024)), the vast majority 
of research using the 2D task relies on custom software developed by 
the researchers. While many experienced Fitts’ law researchers may be 
aware of the need for an odd number of targets in the 2D task, our 
literature review reveals that many researchers are clearly unaware 
of this requirement. This paper aims to clarify and correct this often 
overlooked but significant point.

Related to this is another point, also demonstrated herein: Move-
ment amplitude (A) is slightly less than the diameter of the layout 
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Fig. 1. The multi-directional pointing task layout as exemplified in ISO 9241-
411 (ISO, 2012, Annex B).

circle (d) around which targets are positioned. The GoFitts applica-
tion also reinforces this in the API: ‘‘[The movement] distance is a 
bit less than the specified amplitude, which is the diameter of the 
layout circle’’. The ISO standard mentions as well that the amplitude 
movements are not equal to the diameter of the circle. These points — 
movement amplitude and the number of targets — have a direct effect, 
albeit small, on the accuracy of the throughput measures in Fitts’ law 
studies using ISO-conforming 2D tasks. Therefore, it is important for 
researchers to understand how target parity (odd vs. even; and that 
an even number of targets should never be used) and the definition of 
movement amplitude (using A vs. incorrectly using the diameter of the 
layout circle d) affect throughput in the multi-directional tapping (2D) 
test, and to provide guidance for configuring Fitts’ law experiments 
accordingly. We conclude with a literature review on 2D Fitts’ law 
testing where an even number of targets was used, revealing that many 
researchers are unaware of the importance of these parameters.

2. The calculation of ISO throughput

In HCI user studies, Fitts’ law is adopted mainly as a procedure 
to measure throughput (Fitts’ index of performance) in comparing 
pointing devices or interaction techniques. Although user performance 
is typically evaluated with multiple dependent variables (e.g., speed, 
accuracy), the only performance measure stipulated in the ISO standard 
is throughput. Throughput (TP) in bits per second (bps) is calculated 
as follows: 
𝑇𝑃 = 𝐼𝐷

𝑀𝑇
(1)

where ID in the index of difficulty in bits and 𝑀𝑇  is the movement 
time in seconds. ID is computed as 

𝐼𝐷 = log2
( 𝐴
𝑊

+ 1
)

(2)

where A is the distance to the target and W  is the width of the target. 
Testing proceeds in sequences of trials covering a range of movement 
amplitudes and target widths. Thus, ID provides a theoretical measure 
of the difficulty of the tapping task based on the target size and 
movement distance. Of course, a user will not hit the target perfectly 
every time. To account for the spatial variability in hits, an ‘‘effective’’ 
index of difficulty (𝐼𝐷e) is used instead of ID. 𝐼𝐷e is a measure of the 
difficulty and user precision in accomplishing a task, computed as 

𝐼𝐷e = log2

(

𝐴
𝑊e

+ 1
)

(3)

where 𝑊e is the effective target width, calculated from the width of 
the distribution of selection coordinates made by a participant over a 
2 
sequence of trials. The effective target width is calculated as 
𝑊e = 4.133 ⋅ 𝑆𝐷x (4)

where 𝑆𝐷x is the standard deviation in the selection coordinates in the 
direction that movement proceeds.

Therefore, the recommended calculation for throughput is defined 
by Eq. (5): 

𝑇𝑃 =
𝐼𝐷e
𝑀𝑇

(5)

The effective amplitude (𝐴e), which is the mean of the actual 
movement amplitudes in the sequence of trials, can also be used to 
compute IDe if there is an overall tendency to overshoot or under-
shoot (Soukoreff and MacKenzie, 2004).

Using the effective values (𝑊e, 𝐴e), throughput is a single human 
performance measure that embeds both the speed and accuracy in hu-
man responses. The index of difficulty calculated without the effective 
values (ID) quantifies the movement task that the experimenter wants 
subjects to perform; however, subjects often do not actually perform at 
this index of difficulty.

A detailed description of the calculation of throughput is found 
in other sources (Soukoreff and MacKenzie, 2004; Roig-Maimó et al., 
2018; Magee et al., 2015; MacKenzie, 2018).

3. Number of targets (Odd vs. Even)

As stated by the ISO standard (ISO, 2012), the procedure for the 
multi-directional tapping test is to move a cursor across a circle to 
sequentially select targets. See Fig.  1. Testing for each sequence starts 
upon selecting the topmost target (0 in Fig.  1). Then, the user moves the 
cursor and sequentially selects the remaining set of nearly diametrically 
opposed targets. In practice, since the time to select the first target is 
not recorded, a sequence typically continues until the first target is 
selected again (25 in Fig.  1). As such, there are 25 selections for 25 
targets. Although the ISO standard illustrates the test with 25 targets 
(as in Fig.  1), most research uses fewer targets, just to keep the testing 
time reasonable.

It is also stated in the ISO standard that the targets ‘‘should be 
equally spaced around the circumference of the circle’’ and arranged 
‘‘so that the movements are nearly equal to the diameter of the cir-
cle’’ (ISO, 2012, Annex B). It is also noted that the diameter of the 
layout circle, and thus the distance between the targets, should vary 
between sequences; meaning that the movement distance for all trials 
in a sequence should be equal. Although not stated in the ISO standard, 
that last requirement only occurs when an odd number of targets is 
used. Also, it should be noted that the movement distance between 
targets (𝐴) is not equal to the diameter of the layout circle: It is nearly 
equal.

Fig.  3 illustrates configurations of multi-directional pointing tasks 
with 5 targets (Fig.  3a) and 6 targets (Fig.  3b) placed around a layout 
circle with diameter d = 300 px. All targets are equally spaced around 
the circle. For the configuration with 5 targets (an odd number of 
targets) the movement distance (𝐴) is the same for all the trials. In 
particular, 𝐴 = 285.3 px or 95.1%4 of the diameter of the circle, 𝑑. 
Henceforth in this paper, we use 𝑑 as the diameter of the layout circle 
as distinct from 𝐴, the movement amplitude between targets.

For the configuration with 6 targets (an even number of targets), 
a problem is revealed since there are two movement distances: The 
distance for odd trials (𝐴′) is equal to the diameter of the circle, while 
the distance for even trials (A) is lower (A = 259.8 px, which is 86.6% 
of 𝐴′). This is simply wrong, since the target-to-target distance varies 

4 These results in percentages are approximations as they are a dis-
cretization into pixels as the result of using a continuous trigonometric 
function.



M.F. Roig-Maimó et al. Applied Ergonomics 131 (2026) 104680 
Fig. 2. ISO multi-directional pointing task layouts with targets equally spaced around a layout circle: (a) 12 targets, (b) 13 targets, (c) 14 targets, (d) 15 targets. 
Gray lines show the movement distances or amplitudes (A) from target to target. For an odd number of targets, the movement distance is the same from trial to 
trial. For an even number of targets, there are two movement distances that alternate trial to trial.
Fig. 3. Odd vs. even: Task layouts with (a) 5 targets and (b) 6 targets. Targets are equally spaced around a layout circle with diameter d = 300 px. The diameter 
of the circle (d) is depicted with a black dashed line. Gray lines show the movement distances (A) between targets.
from trial to trial in a sequence. When evaluating a pointing device 
or interaction technique for multi-directional pointing (i.e., using the 
2D multi-directional tapping test), the same movement distance is 
required for all trials in a sequence; otherwise, the evaluations are 
biased towards particular trials within a sequence.

3.1. Amplitude calculations for an odd number of targets

When positioning an odd number of targets, the difference between 
the distance of movement to a target (A) and the diameter of the circle 
(d) depends on the number of targets and decreases as the number 
of targets increases. Fig.  4 shows the effect of a different number of 
targets on the target-to-target distance (𝐴) given a layout circle with 
𝑑 = 300 px. With 7 targets, 𝐴 is 292.5 px or 97.5% of 𝑑; with 9 targets,
A is 295.4 px or 98.5% of 𝑑; and with 11 targets, A is 296.9 px or 99.0% 
of 𝑑.

Given the above summary of movements for layouts with an odd 
number of targets, it is worthwhile to have equations to assist re-
searchers. Two variations seem relevant: (i) an equation for the actual 
movement distance (𝐴) given the diameter of the layout circle, and (ii) 
an equation for the required diameter of the layout circle for a desired 
movement distance (𝐴). Of course, the number of targets is also needed 
in the calculations. These equations are developed next.

Given a circle of diameter d and an odd number of targets n
equally spaced around the circle, all targets are visited with the same 
movement amplitude A. See Fig.  5 where a sequence begins at target 𝑖. 
Following selection of target 𝑖, the farthest target (𝑖+1) is visited, then 
the farthest target diametrically opposed to that target is visited (𝑖+2), 
and so on until all targets are visited.
3 
Let 𝛼 be the angle formed by segments joining the targets 𝑖 and 𝑖+1, 
and the targets 𝑖+1 and 𝑖+2. See Fig.  5b. As 𝑖 and 𝑖+2 are symmetric 
respect to the diameter from target 𝑖+1, the angle 𝛼 is split by the 
diameter in two equal angles 𝛼2 . See Fig.  5c. Additional details of the 
geometry in Fig.  5 are provided in Fig.  6.

In view of the geometry in Fig.  6a, the movement distance 𝐴 to a 
target is 

𝐴 = 𝑑 cos 𝛼
2

(6)

where 𝛼, as seen in Fig.  6b, is 𝛼 = 180
𝑛 .

Therefore, given a circle of diameter 𝑑 and an odd number of targets 
𝑛 equally spaced around the circle, the movement amplitude 𝐴 is 

𝐴 = 𝑑 cos 90
𝑛
. (7)

Solving for 𝑑 yields 

𝑑 = 𝐴
cos 90

𝑛

. (8)

Eqs.  (7) and (8) are potentially useful for researchers designing 2D 
Fitts’ law experiments. If the number of targets and the diameter of the 
layout circle are known, Eq. (7) gives the movement amplitude; that is, 
the target-to-target distance. If the number of targets and the ‘‘desired’’ 
movement amplitude are known, Eq. (8) provides the required diameter 
for the layout circle, with 𝑑 slightly larger than 𝐴.

In summary, Table  1 shows the values of movement distances (𝐴) 
versus the diameter of the circle (𝑑) for different numbers of targets. 
This difference increases as the number of targets decreases. When 
computing 𝐼𝐷e (see Eq. (3)) using 𝐴 instead of the effective amplitude 
(𝐴 ), 𝐴 is the movement distance, not the diameter of the circle (d).
e
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Fig. 4. Layout configurations varying the number of targets around a layout circle with diameter d = 300 px. (a) 7 targets, (b) 9 targets, and (c) 11 targets. The 
diameter (d) is depicted with a black dashed line. Gray lines show the movement distances (A) between targets.
Fig. 5. Example of consecutive targets to visit. The movement distance or amplitude (𝐴) to reach each target is the same. The diameter of the layout circle (𝑑) 
is depicted with a black line. Gray lines show the movement distances (𝐴) across the targets.
Fig. 6. Relationship between half of the movement distance ( 𝐴
2
) and the radius of the circle (𝑟 = 𝑑

2
) for an odd number of targets equally spaced around the 

circle: 𝐴
2
= 𝑑

2
cos 𝛼

2
.

3.2. Implications for throughput

So, what is the effect of the above analysis on the calculation of 
throughput? This is explored in Table  2 which distinguishes throughput 
calculated using 𝑑 (incorrect) vs. 𝐴 (correct). The first row corresponds 
to the incorrect calculation of throughput using the diameter of the 
layout circle (d = 300 px) as movement distance (A). The following 
4 
rows correspond to the correct calculation of throughput using the 
actual target-to-target movement distance (A), which slightly differs 
from d depending on the number of targets (n). There is indeed a differ-
ence (right-hand column), albeit small. The correct value of throughput 
is slightly less than the incorrect value computed using 𝑑. The dis-
crepancy increases as the number of targets decreases. Notably, small 
differences in throughput across devices or test conditions frequently 



M.F. Roig-Maimó et al. Applied Ergonomics 131 (2026) 104680 
Table 1
Movement distances (𝐴) for odd numbers of targets around a circle with 
diameter 𝑑 = 300 px.
 Targets A (px) Relation to d (%) Targets A (px) Relation to d (%) 
 5 285.3 95.1% 17 298.7 99.6%  
 7 292.5 97.5% 19 299.0 99.7%  
 9 295.4 98.5% 21 299.2 99.7%  
 11 296.9 99.0% 23 299.3 99.8%  
 13 297.8 99.3% 25 299.4 99.8%  
 15 298.4 99.5% 27 299.5 99.8%  

Table 2
Throughput (TP) calculated using the correct value of movement distance (A) 
compared to the diameter of the layout circle (d). First row: Incorrect TP using 
the diameter of the layout circle (𝑑) for movement distance (𝐴). Following 
rows: Correct TP using the actual target-to-target movement distance. For this 
analysis, target width (W ) is set to 50 px and movement time (MT ) is set to 
1000 ms. TP calculated using Eq. (1).
 Details for A A (px) W (px) ID (bits) MT (ms) TP (bps) 𝛥TP  
 d (layout diameter) 300 50 2.8074 1000 2.8074 –  
 A (𝑛 = 5) 285.3 50 2.7455 1000 2.7455 −2.20% 
 A (𝑛 = 7) 292.5 50 2.7760 1000 2.7760 −1.12% 
 A (𝑛 = 9) 295.4 50 2.7884 1000 2.7884 −0.67% 
 A (𝑛 = 11) 296.9 50 2.7947 1000 2.7947 −0.45% 
 A (𝑛 = 13) 297.8 50 2.7983 1000 2.7983 −0.32% 
 A (𝑛 = 15) 298.4 50 2.8006 1000 2.8006 −0.24% 
 A (𝑛 = 17) 298.7 50 2.8021 1000 2.8021 −0.19% 
 A (𝑛 = 19) 299.0 50 2.8031 1000 2.8031 −0.15% 
 A (𝑛 = 21) 299.2 50 2.8039 1000 2.8039 −0.12% 
 A (𝑛 = 23) 299.3 50 2.8045 1000 2.8045 −0.10% 
 A (𝑛 = 25) 299.4 50 2.8049 1000 2.8049 −0.09% 

appear in the HCI literature. Examples of small TP differences as a 
percent include 0.86% (Babu et al., 2022, Figure 4), 0.86% (Raynal 
and MacKenzie, 2024, Figure 3), 0.43% (Dube et al., 2022, Figure 5a), 
0.75% (Imai and Misaki, 2023, Figure 6), 0.42% (Jude et al., 2014, Ta-
ble 3) 0.15% (Isokoski and Raisamo, 2002, Table 3), 0.72% (Wobbrock 
et al., 2009, Table 2) and 0.22% (Yamanaka et al., 2022, Figure 8). 
Thus, the small discrepancies seen in Table  2 may surface as incorrect, 
slightly inflated, values for throughput or as a change in the rank order 
of conditions based on throughput. Inaccuracies in the calculations of 
throughput weaken between-study comparisons. As the main applica-
tion of Fitts’ law in HCI is the comparison of input devices or techniques 
based on throughput, it is crucial that the method of calculation is 
correct and consistent across studies.

For instance, half of the previously listed examples (differences 
ranging from 0.72% to 0.86%) could completely change the results of 
the compared devices when using less than 21 targets.

To summarize, we recommend using an odd number of targets when 
designing a 2D Fitts’ law experiment and also using the actual value of 
movement distance as movement amplitude (A) to calculate throughput 
(TP), instead of using the diameter of the layout circle (d).

4. Review of Fitts’ law studies using the multi-directional tapping 
test with an even number of targets

Since the publication of the ISO 9241-9 in 2002 and its subsequent 
update in 2012 as ISO 9241-411, there is widespread use of the stan-
dard and the prescribed evaluation tests for input devices. A general 
search in major bibliographic resources (Science Direct, Scopus, ACM 
Digital Library, IEEExplore and Google Scholar) using ‘‘ISO 9241-9 OR 
ISO 9241-411’’ as a selection criterion gives a sense of the impact of 
this standard, as more than 1600 references are returned.

To inquire into the effect of using an even number of targets when 
applying the multi-directional tapping test in the literature, we intend 
to analyze the results of a manageable and representative sample of 
articles. We do not aim to conduct an exhaustive review, as our main 
5 
objective is to verify the effect that choosing an even number of targets 
in the multi-directional tapping test has on the calculations obtained.

To select articles, we drew a systematic random sample (interval 
𝑘 = 8, random start 𝑠 = 3) from the corpus (𝑁 = 1671) by selecting 
every eighth record until 200 items were obtained. We examined 
their methodology and selected only publications that applied the ISO 
multi-directional tapping test. We also eliminated contributions that 
were doctoral theses, master’s theses, or preprints. This first screening 
reduced our review to 160 articles. From this sample, we proceeded to 
extract information on the relevant details in the methodology.

Of the 160 papers, 52 (33%) used an even number of targets, and 
108 used an odd number of targets. Of the 52 papers using an even 
number of targets, 22 strictly followed the reciprocal multi-directional 
tapping task. Papers were discarded that (i) used variations not involv-
ing reciprocal selection of targets, (ii) used a home target at start of 
each trial, (iii) did not specifically compute throughput, analyzing only 
error rate and movement time, or (iv) did not specify how throughput 
was calculated (e.g., Burno et al. (2015), Tao et al. (2021), Man and 
Wong (2007), Asque et al. (2014), Chen et al. (2019), Fernandes et al. 
(2023), Hemati et al. (2020)).

Table  3 summarizes the selected papers in chronological order. 
Where not stated directly in the paper, details on the computation of 
the effective values of the index of difficulty (𝐼𝐷e), movement distance 
(𝐴e) and target width (𝑊e) were deduced from formulas in the papers. 
Note that if 𝐴 is used instead of 𝐴e to compute TP, the value of
TP is wrong since the diameter of the layout circle is the movement 
amplitude only for half the trials. Where it was not possible to deduce 
details from the text of the publication, the annotation not specified is 
used. But, even if 𝐴e is used to compute TP (reducing, somehow, the 
impact of the error), the design used is still wrong.

The examples in Table  3 include a variety of designs for the multi-
directional tapping task. The common link for all the studies is that 
an even number of targets was arranged around the layout circle. The 
number of targets (2nd column in table) varied from as high as 20 
targets for one study (Roig Maimó et al., 2018) to as few as 8 targets for 
two studies (Qian and Teather, 2017; Caesaron et al., 2022). As when 
using an odd number of targets, when using an even number of targets, 
the difference between 𝐴 and 𝑑 increases as the number of targets 
decreases. Although 𝐴 is 98.8% of 𝑑 for the 20-target arrangement the 
difference is more pronounced for the 8-target arrangement where 𝐴 is 
just 92.4% of 𝑑.

As an example, Clarke and Gellersen (2017) (15th row in table) 
used a multi-directional tapping test with 10 targets distributed on the 
circumference of a layout circle with diameter d = 900 px. So, the 
movement distances were A’ = 900 px for odd trials and A = 855.9 px 
for even trials (𝐴 = 𝑑 cos 180

𝑛 ). This indicates a mean A of 878.0 px in a 
sequence of trials (97.5% of 𝑑, the diameter of the circle), but not all the 
trials had the same movement distance (A). As already noted, although 
the equation for throughput (last column in table and Eq. (5)) used the 
effective amplitude (𝐴𝑒), the accuracy or relevance of 𝐴𝑒 is questionable 
since, as demonstrated in Fig.  3b, participants performed a slightly 
different task for odd trials (𝐴 = 900 px) compared to even trials (𝐴 =
855.9 px). A possible effect is that variability in movement time or 
other behaviors might result due to the different distances presented 
from one trial to the next. This potentially influences the calculated 
values for throughput.

The case of Bernardos et al. (2016) (13th row in table) is different. 
The authors used 12 targets in a layout circle of diameter d = 800 px 
to compute the throughput for deictic and head pose pointing methods. 
The movement distance for odd trials was A’ = 800 px and for even 
trials A = 772.7 px. This — as in all the examples in Table  3 — implies 
that not all the trials in a sequence had the same movement distance. 
But, unlike the previous example, the authors used A to compute TP, 
meaning they used the diameter of the layout circle as the movement 
amplitude, which was not the movement amplitude for half the trials. 
Therefore, the values for TP are wrong: They are too high since for half 
the trials in each sequence participants were given credit for moving a 
greater distance than they actually did. In Table  3, 14 of 22 (63.6%) 
studies reported similarly inaccurate values of throughput (TP).
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Table 3
Survey of 22 studies that used the multi-directional tapping test with an even number of targets.
 Source na A W Pointing ∙ Selection Throughput
 (1st author, year) (px) (px) TP (bps) Eq., A/Aeb 
 Oh and Stuerzlinger (2002) 16 300, 400, 500 40, 50, 60 Mouse, laser pointer ∙ Button 3.98, 3.04, 4.09 𝐼𝐷e

𝑀𝑇
 , A  

 Pereira et al. (2009) 16 150, 620 20, 50 Head tracker ∙ 0.5-s dwell 0.75 𝐼𝐷e
𝑀𝑇

, A  
 Cheong et al. (2011) 16 250, 300, 400, 500 30, 40, 50 Mouse, GyroPoint, Hall mouse, OFN ∙

Button
8.9, 2.0, 7.2, 6.5, 4.6 𝐼𝐷e

𝑀𝑇
, A  

 Karpov et al. (2011) 16 10 different IDs: [1.32–4.40] Head tracker ∙ Voice 1.59 𝐼𝐷e
𝑀𝑇

, 𝐴e  
 Kouroupetroglou et al. (2011) 16 5 different IDs Wiimote ∙ Button 2.97, 0.75 𝐼𝐷

𝑀𝑇
, A  

 Gallo and Minutolo (2012) 16 441, 530 54, 82 Wiimote, data glove ∙ Button, stick out 
thumb

1.67–3.07 𝐼𝐷e
𝑀𝑇

, A  

 Kouroupetroglou et al. (2012) 16 5 different IDs Wiimote 2D, 3D ∙ Button 2.97, 0.75 𝐼𝐷e
𝑀𝑇

, A  
 MacKenzie and Teather (2012) 12 125, 250, 500 40, 60, 100 Tilt device ∙ First entry, 500-ms dwell 0.9–2.46 𝐼𝐷

𝑀𝑇
, A  

 Yuan et al. (2013) 12 282, 423, 819 94, 188 Mouse, wiimote (virtual laser), Kinect (hand 
movement) ∙ Button, 0-ms dwell

1.26–3.7 𝐼𝐷e
𝑀𝑇

, 𝐴e  

 Yuan et al. (2014a) 12 6 conditions Mouse, virtual laser (Wiimote), hand 
(Kinect) ∙ Button, 0-ms dwell

3.44, 3.25, 1.96 𝐼𝐷e
𝑀𝑇

, 𝐴e  

 Yuan et al. (2014b) 12 3 values 2 values Mouse, Wiimote (virtual laser), Kinect 
(hand movement) ∙ Button, 0-ms dwell

1.26–3.7 𝐼𝐷e
𝑀𝑇

, 𝐴e  

 Bessa Seixas et al. (2015) 16 180 mm 13 mm Mouse, touchpad, LeapMotion ∙ Button, 
LeapMotion mouse emulation

4.85, 3.22, 2.18 𝐼𝐷e
𝑀𝑇

, A  

 Bernardos et al. (2016) 12 800 60, 130, 200 Kinect head pose, deictic (index pointing) ∙
First-entry

2.5, 3.74 𝐼𝐷
𝑀𝑇

, A  

 Brancati et al. (2017) 16 120, 200 mm 20, 30 mm Virtual pointer (index fingertip) ∙ 2-s dwell 1.4–2.7 𝐼𝐷e
𝑀𝑇

, A  
 Clarke and Gellersen (2017) 10 900 50, 100, 200 Head, hand, cup ∙ 240-ms dwell 0.75–2.97 𝐼𝐷e

𝑀𝑇
, 𝐴e  

 Qian and Teather (2017) 8 Depth 5, 7, 9 m 0.24, 0.5, 0.75 m Eye tracker: eye, head, eye+head ∙ z-key 1.7–2.4 𝐼𝐷
𝑀𝑇

, A  
 Letsu-Dake et al. (2018) 16 Size of the hotspots on the INVA display nsc Cursor control device with or without 

gloves ∙ Primary, secondary enter button
0.6, 1.3 𝐼𝐷e

𝑀𝑇
, A  

 Roig Maimó et al. (2018) 20 260, 520, 1040 130, 260 Head-tracker ∙ Touch screen 1.31 𝐼𝐷e
𝑀𝑇

, 𝐴e  
 Lin et al. (2019) 12 65, 100, 150 cm 0.21–4.64 cm Head mounted display, stereoscopic 

widescreen, using a pole ∙ 0-ms dwell
3.38, 3.36 𝐼𝐷

𝑀𝑇
, A  

 Lin and Ho (2020) 10 9 different IDs: [2–4.1] Mobile device ∙ Touch screen Only r 𝐼𝐷
𝑀𝑇

, A  
 Caesaron et al. (2022) 8 6 different IDs: [2.7–6.15] Optitrack, Gamepad ∙ Button 1.96, 2.36 𝐼𝐷e

𝑀𝑇
, 𝐴e  

 Weiss et al. (2024) 16 0.152, 0.229 m 0.025, 0.019 m AR, touchscreen ∙ Finger tip tracking, touch 3.11, 10.12 𝐼𝐷e
𝑀𝑇

, 𝐴e  
a n = Number of targets.
b Eq., A/𝐴e = TP equation, using A or 𝐴e.
c ns = Not specified.
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5. Conclusion

This paper focused on a little-known aspect in the design of 2D Fitts’ 
law experiments: the need for an odd number of targets. The multi-
directional tapping test (2D) in ISO 9241-411 is an evolution of the 
original Fitts paradigm to evaluate pointing movements in different 
directions. To achieve this, targets are equally spaced around the 
circumference of a layout circle. The important effect in a sequence 
of trials is that the user performs the same movement distance but 
in different directions. We highlighted that this is only achieved if an 
odd number of targets is used and, to the best of our knowledge, there 
are no published sources that explicitly state this. Besides, and related 
to this, we also demonstrated that the movement amplitude (A) is 
slightly less than the diameter of the layout circle around which targets 
are positioned (d). In conclusion, we offer two recommendations for 
researchers designing 2D Fitts’ law experiments:

1. Use an odd number of targets.
2. If using A to calculate throughput (TP) instead of the effective 
amplitude (𝐴e), as in Eq. (3), use the actual target-to-target 
movement distance (A) rather than the diameter of the circle 
layout (d). Using the effective amplitude (𝐴e), which is derived 
from the actual movement endpoints and, therefore, it is inde-
pendent of the diameter of the layout circle (d), ensures a valid 
computation of throughput.

Beyond these methodological clarifications, our findings imply that, 
for researchers, adhering to an odd number of targets and to the 
correct definition of movement distance ensures methodological con-
sistency and valid throughput values, thereby strengthening between-
study comparisons. Explicitly stating these requirements would help 
prevent design flaws in experiments that rely on Fitts’ law.

Finally, from a large body of studies we reviewed 22 that used an 
even number of targets in the multi-directional tapping test and verified 
that the results obtained are influenced by the different movement 
distances from trial to trial. This analysis highlights that some re-
searchers may use such configurations without knowing the impact on 
the precision of their results, with the use of an even number of targets 
potentially leading to inaccurate findings. Our aim is to raise awareness 
of this issue and encourage the use of an odd number of targets in future 
studies to ensure the reliability and validity of outcomes.

Table  3 also includes articles by the authors of this paper. Of course, 
as with the authors of other papers in the table, the mistake was 
inadvertent; we were simply unaware at the time of the importance 
of using an odd number of targets and its impact on the calculation 
of throughput. We wish for future researchers to avoid this mistake 
and offer this paper as the remedy. The fact that some of the papers in 
Table  3 are from recent years and that additional papers were published 
using an even number of targets for 2D Fitts’ law experiments while this 
paper was under review (e.g., Pino et al. (2025)), reinforces the need 
to advertise this overlooked but significant issue. Finally, we argue for 
revisiting and updating the ISO 9241-411 standard to explicitly state 
that an odd number of targets is required for the 2D task.
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