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Investigating the Influence of Colors on the Performance of Pointing

Tasks for Human Interface Design

Jing KONG '™, Nonmember, Xiangshi REN'", and Keizo SHINOMORI'', Members

SUMMARY  Fitts’ law has been applied in many studies to evaluate
pointing tasks. However, the quantitative effect of using color in the in-
terfaces has not been discussed in the literature. This paper introduces re-
search on the effects of color in pointing tasks using Fitts’ law as the eval-
uation method. Different colors and color presentation styles are applied
in the experiments which are similar in design to the paradigmatic Fitts’
law pointing task. The experimental results show that when the subjects
use a mouse as the input device, there is no significant difference between
an interface with a colored target and one with a white target in the mean
performance time. The results also reveal that color presentation styles will
offer no significant difference to pointing tasks when the mouse is applied.
However, when the interface of tablet PC and pen was applied, subjects
without much experience in tablet personal computer usage needed more
time to perform the task with colored targets than with a white target. Fur-
thermore, when the colors are changed randomly during the selection pro-
cess, the difference is even more obvious. These results are confirmed by
a Checking Experiment and a Learning Effect Experiment which we per-
formed on different groups of subjects.
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1. Introduction

The pointing task is a ubiquitous performance in Human
computer interaction (HCI). With the tremendous speed at
which the technology is developing, numerous new point-
ing interfaces have appeared on the market, such as mouse,
tablet pen, finger, trackball, eye-tracker, etc. Each of these
devices has its own features and correspondingly different
niche in HCI applications. Therefore, we need to use mod-
els to give clear evaluations of the different devices. For
pointing tasks, the most famous model for evaluation and
prediction is Fitts” law, which was proposed in 1954 by Paul
Fitts [4], and has been widely used to predict and evaluate
the performance of rapid and aimed movements. Now the
most popular format of Fitts’ law is as follows [8]:

MT:a+b10g2(%+l) (D)

where a and b are constants, A is pointing distance, W is the
target width that limits the pointing accuracy tolerance de-
manded by the task, and MT is the expected average move-
ment time of task completion.
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The second term of Fitts’ law is called the index of dif-
ficulty (ID)[8],[10]:

A+W)

D = log, ( @)
We call Eq. 2 the /D model.

However, according to Fitts, during the task, the hits
made by the subjects need to follow a normal distribution.
Usually when the researchers apply this model, they as-
sume that the distribution of hits follows the normal distribu-
tion accurately and therefore it is not necessary to consider
the difference in performance accuracy in the pointing task.
This is not always the reality [5], [14], [15].

A model utilizing effective target width (W,) instead
of the appointed target width (W) also has the support of
researchers [2], [10], [13]. W, indicates the actual input hits
range based on performers’ behavior during the task.

A
MT:a+b10g2(W+l) 3)
e

Simultaneously, one may calculate the effective index of dif-
ficulty (ID,) as:

A
ID, = log, (W . 1) )

where W, = 4.1330.

o is the standard deviation of the hits distribution. In
this paper we call this version of Fitts’ law the /D, model.
It has been accepted by ISO standards 9241-9 [6]. ISO stan-
dards 9241-9 proposed to use Throughput to evaluate the
performance efficiency of pointing tasks.

ID,

Throughput = UT 5)

By using W,, the ID, model reconciles the perfor-
mance accuracy into the movement time to evaluate the per-
formance and make the model more reasonable. However,
neither the ID nor the 1D, models are based on mathemati-
cal deduction, but they have gained support respectively [4],
[13]. Therefore, we regard that both models are applicable
for one-dimensional pointing task evaluation, only with dif-
ferent application advantages.

Fitts” law (both the /D and ID, model) has been ap-
plied widely in human computer interaction since 1978 even
with a lack of theoretic support[1],[11]. The ID, model has
even been accepted by ISO standards 9241-9 [6]. However,
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although most of the displays in human computer interaction
include color, all the existing researches of the pointing task
related to Fitts” law, both theoretic and applied, are based
on black and white interfaces. The effects of color on motor
tasks related to Fitts’ Law have not been considered. There-
fore, the purpose of this paper is to use Fitts’ law (the ID
and /D, model) to evaluate the effect of color on pointing
tasks. This will be a new horizon for Fitts’ law applications.

Although there have been studies about colored stim-
uli, some of them concentrate on the role of color in the per-
ception of motion in animated visualization in the field of
Computer Graphics (CG) [12], while others concentrate on
visual mechanisms with colored stimuli[3]. However, the
color’s direct effects on performance have not been studied
sufficiently. Therefore, the results of this study will be use-
ful for research and interface development in the HCI field.

Since the purpose of this paper is to test the color’s
comprehensive effect on human computer interaction per-
formance through Fitts’ law models, we included the effects
of luminance and saturation changes together in the color’s
effects by applying the primary colors (red, blue and green)
defined by JAVA environment on different apparatus. By
this way, we can examine the effect of color on the users’
performance in the usual cases.

2. Experiment 1: On Interface with Fixed Colors

First we measured the effect of color in a pointing task when
the colors of the targets were fixed.

2.1 Subjects

Eleven volunteers, of different genders and ages (20 to 29
years, nine males and two females, average 22.3 years old)
participated in a pointing experiment. All the subjects were
right hand dominant.

2.2 Apparatus

We used two sets of apparatus to test the influence of color
on human performance in HCI interfaces. The first set
of apparatus included a Tablet Computer (FUJITSU FMV
Stylistic, with a screen size of 21 cm X 15.6 cm, each pixel
on the screen was 0.2055mm wide) and a plastic pen.
The second set of apparatus included a desktop personal
computer (screen size: 43cm/17.0 Diagonal, pixel pitch:
0.264 mmH x 0.263 mmV, each pixel on the screen was
0.264 mm wide) and a mouse (Agiler AGM 6124X).

2.3  Procedures

Similar to the original Fitts experiment [4], participants did
reciprocal pointing on a pair of vertical strip targets with the
plastic pen or the mouse according to the experimenters’ in-
structions. The widths (W) of the target were set at W =
12, 36, 72 pixels and the center to center distances or ampli-
tudes (A) between the two strips were set at A =120, 360,
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(a) Desk-top PC

(b) Table PC

Fig.1  Experiment interfaces (when the target is blue).

Table 1  Error rates and accidental trials of Exp. 1.
Apparatus and colors | Error rates | Accidental trials

Pen (mix) 0.016 5

Pen (red) 0.017 0

Pen (green) 0.019 2

Pen (blue) 0.013 3
Mouse (mix) 0.024 5
Mouse (red) 0.033 1
Mouse (green) 0.023 3
Mouse (blue) 0.018 1

840 pixels. The consequent IDs of different A — W combi-
nations were decided by Eq.2. The order of the 9 A — W
combinations was randomized. 12 trials were presented for
each pair of targets, with the first tap excluded in the anal-
ysis. If the subject tapped outside of the target, an auditory
signal was played.

During the task, the non-target rectangle was black,
while the color of the target rectangle changed from the reg-
ularly used white into one of the primary colors (red, blue
and green) in one A—W combination. Once tapped, the posi-
tion of the target rectangle and the non-target rectangle were
reversed. The appearance of the three colors was balanced
by a Latin square sequence and set by the experimenter be-
fore the subject began to tap. Therefore the total number of
trials afforded for one subject to fulfill was 3 (colors) X 3
(distances) x 3 (widths) x 12 (trials) = 324.

The interface of the experimental tool is shown in Fig. 1
and the details about the target colors are described in Ap-
pendix A.

2.4 Error Rates

During the experiment, if the subject tapped on the region
outside the target, an auditory signal would be played, and
simultaneously, a mistake would be recorded for future error
rate calculation.

In fact, some participants sometimes clicked when their
cursor was no where near the target due to the confusion of
the participant. For example, sometimes the target appeared
in the left part of the screen, but the subject accidentally
pointed to the right part of the screen. Usually in HCI, we
delete these data in analysis, because there are no neces-
sary relationships between the occurrence of the accidental
trials and the factors that we want to study [9], [15]. The in-
formation regarding the accidental trials and error rates in
Experiment 1 is listed in Table 1.
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3. Experiment 2: On Interface with Randomly Chang-
ing Colors

Through Experiment 1, we were able to examine the effects
of colors on pointing performance, but we also wanted to
study the effects of different color presentation styles on task
performance. Therefore, we carried out Experiment 2 ask-
ing the subjects to perform the pointing task in an interface
with randomly changing colors. The expression “randomly
changing colors” means that the colors of the target rectan-
gle were changed randomly using the three appointed col-
ors (red, green and blue) as described in Fig. A-1 during
one section of the A and W combination, i.e. while doing
the pointing task, the color of the target changed randomly
without any warning after each pointing.

3.1 Subjects

The same subjects in Experiment 1 also took part in Exper-
iment 2.

3.2 Apparatus

We used the same apparatus in Experiment 2 as in Experi-
ment 1.

3.3 Procedures

The procedure of the task was the same as that in Experi-
ment 1. The total number of the trials afforded for one sub-
ject to fulfill was 3 (distances) x 3 (widths) X 12 (trials) =
108.

3.4 Error Rates

We also recorded the mistakes and deleted accidental trials
from the data as described in Sect.2.4. The error rates and
accidental trials of the subjects with different apparatus and
interfaces are shown in Table 2.

4. Non-color Experiment
To make a comparison of the effects between white and col-

ored targets in the pointing task, we utilized some data from
the experiments we had developed previously [7],[15] and

Table 2  Error rates and accidental trials of Exp. 2.
Apparatus and colors | Errorrates | Accidental trials

Pen (mix) 0.019 18

Pen (red) 0.012 4

Pen (green) 0.027 7

Pen (blue) 0.018 7
Mouse (mix) 0.027 1
Mouse (red) 0.022 0
Mouse (green) 0.027 0
Mouse (blue) 0.032 1
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called the related experiment Non-color experiment.

One part of the Non-color Experiment using a tablet
personnel computer and pen was developed by [15], where
the two models, ID and ID,, have both been discussed thor-
oughly. Fifteen volunteers, 5 female and 10 male, aged 20
to 36 years old, participated in that project. For compari-
son, we picked up part of the data of the experiment con-
ducted by Zhai et al. [15] which had a similar procedure to
Experiment 1. During this part of the experiment, the target
rectangle was always white and the non-target rectangle was
always black. The error rate for the task was 4%, and one
accidental trial was excluded from the data for analysis.

The other part of the Non-color Experiment using a
regular personnel computer and mouse was developed by
[7]. Twelve subjects, of different genders and ages (3 fe-
male students and 9 male students, 21 to 32 years old, aver-
age age 25) participated in the experiment. All subjects were
right hand dominant. The procedure of this part of that ex-
periment was similar to our Experiment 1. During that part
of the experiment [7], the target rectangle was always white
and the non-target rectangle was always black. The error
rate of the task was 2%, and no accidental trials occurred
during the experiment.

5. Checking Experiment

Because the subjects for the experiments with colored tar-
gets were different to those we used in the experiments with
the white targets, we asked 5 subjects to perform all the ex-
periments mentioned above so as to make the comparison
reliable, (Exp. 1, Exp. 2 and Non-color Exp.) and we orga-
nized the data calling it Checking Experiment’. However,
in the Checking Experiment, since our purpose was merely
to test the reliability of the comparison results of Exp. 1,
Exp. 2 and the Non-color Exp., we asked the subjects to per-
form the pointing task only under one A — W combination
(A = 840 pixels, W = 12 pixels). The reason for this choice
was that with a low level of difficulty, different colors may
not incur much difference in performance, but with a bigger
task difficulty, the difference can be significant.

6. Results and Discussions

Since both the /D model and 1D, model of Fitts’ law have
obtained support, we show the comparison results by apply-
ing both models.

6.1 Difference Incurred by Different Colors

First, we performed ANOVA and found that there was no

significant statistical difference among the mean times of the
different colors afforded by the experiment if we used the

"The purpose of the Checking Exp. was to check whether
the comparison results of the experiments with different subjects
are identical. The subjects included in the Checking experiment
needed to perform all the experiments that had been performed by
different sets of subjects.
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Fig.2 MT — ID, regression lines with different colors of the target in
Exp. 1 and Non-color Exp. (pen).
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Fig.3  MT — ID regression lines with different colored targets in Exp. 1
and the Non-color Exp. (pen) and the MT — ID relationship with different
colored targets in Checking Exp. of Exp. 1 and the Non-color Exp. (pen)
(The open symbols denote the data points of the Checking Experiment).

pen as the input device.

However, from the Fitts’ law analysis (based on /D and
ID,), we can still observe that the colored targets consumed
more time on average than the white targets (Figs. 2 and 3).

Figure 3 also shows the Checking Experiment results
of Exp. 1, through which we were able to test whether the
sequences of the time cost pertaining to different colors for
different groups of subjects were reliable. We did a T-test
to test the statistical significance of the difference between
different colors in the Checking Exp. There is a significant
difference between white and red (Piog(t > 2.23) < 0.05),
white and green (Pjog(t > 5.13) < 0.0001), white and blue
(P1og(t = 3.49) < 0.001), green and blue (Pjpg(t > 2.29) <
0.05), red and green (Piog(t > 2.48) < 0.05), there is no
significant difference between blue and red.

Therefore, the results of the Checking Exp. supported
the comparison sequences of Exp. 1 and of the Non-color
Exp.: i.e. colored targets consume more time than the white
target. Nevertheless, the difference between the perfor-
mance with different colors (red, green and blue) is not sig-
nificant. Meanwhile, Table 1 and the results of error rates
from the Non-color Exp. show that during the task with dif-
ferent colors, the subjects made fewer errors with colors
compared to the one without color’.

ANOVA shows that there was no significant statistical
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Fig.4 MT —ID, regression lines with different colored targets in Exp. 1
and the Non-color Exp. (Mouse).
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Fig.5 MT — ID regression lines with different colored targets in Exp. 1
and the Non-color Exp. (Mouse) and the MT — ID relationship with differ-
ent colored targets in the Checking Exp. Of Exp. 1 and the Non-color Exp.
(Mouse).

difference among the mean times for the different colors af-
forded by the experiment if we used the mouse as the input
device.

Fitts’ law regression lines (Figs. 4 and 5) also show that
using a mouse and a desk-top PC, targets in different colors
affect almost no difference in mean time even when we vary
the difficulty of the task.

T-test results of the Checking Exp. only show a signif-
icant difference between white and red (Pipg(t > 2.19) <
0.05), white and blue (Pyog(t = 2.61) < 0.05), but not be-
tween blue and red, white and green, green and blue, red and
green.

Therefore, after the Checking Exp., even though there
is a tiny difference between the regression lines in Figs. 4
and 5 and the T-test analysis, we think that the difference
caused by different colored targets can be ignored when the
mouse is used as the input device.

6.2 Differences Incurred from the Color Presentation
Styles

Next we tested the difference caused by the color presenta-
tion styles.

"This difference of error rates is included in the /D, Model.



504

+ MT(random)

1600 -

1400 4 Random:y =203x +24.4
R? = 0.841

= MT(fixed)
"~ 1200 4
1000 A
800 -
BOO - .

400 4 Fixed:y = 144x + 130

200 - R =0.957
0 . . . .
0 2 4 6 ]
D.

Mean Time {ms)

Fig.6 MT — ID, regression lines of the mixed data of three colors in
Exp. 1 (fixed) and Exp. 2 (random). (pen).
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Fig.7 MT — ID regression lines of the mixed data for three colors in
Exp. 1 (fixed) and Exp. 2 (random) (pen) and the MT — ID relationship of
the mixed data for three colors in the Checking Exp. Of Exp. 1 (fixed) and
Exp. 2 (random). (pen).

6.2.1 Analysis of the Data with Pen

According to ANOVA, there is no significant statistical dif-
ference among the mean times for different color presenta-
tion styles with the pen as the input device.

However, Figs.6 and 7 coherently show that the tar-
gets displayed in randomly changing colors consumed more
performance time than the targets displayed in a fixed color.
When the difficulty increased, subjects needed more time to
track the targets which were displayed in randomly chang-
ing colors. The difference in the data regarding performance
time with the pen is obvious.

However, the Checking Exp. results contradict the
comparison results of Exp. 1 and 2 (see Fig. 7).

We did a T-test to test the statistical significance of
the difference in mean performance time between different
color presentation styles of the Checking Exp. There is sig-
nificant difference between the data from the task with ran-
domly changing colors and the data from fixed color tasks
(P213(t = 3.77) < 0.001).

One potential reason for the conflicts between the
Checking Exp. and Exp. 1 and 2 may be the different point-
ing task participation experience of the subjects in Exp. 1
and 2 and the subjects in the Checking Exp. In both Exp. 1
and 2, five of the total 11 subjects had some previous expe-
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Fig.8 Learning Effect Experiment results in throughput with the ran-
domly changing color task of Group A and the fixed color task of Group B
from Day 1.

rience using the tablet PC and had also taken part in simi-
lar pointing tasks executed in the lab previously. The other
participants were completely new to tablet PC performance.
On the other hand, all five subjects in the Checking Exp. had
more than one hour experience with similar pointing tasks,
therefore, the conflicts between the Checking Exp. and Exp.
1 and 2 may imply some learning effects of the pointing task.

Therefore, we carried out an experiment to check the
learning effects.

Learning Effect Experiment

Eight subjects without either pointing task experience or ex-
perience using a tablet PC were involved in the Learning Ef-
fect Experiment. Each of the subjects took part in the exper-
iment in 20 sessions over two successive days (20 repeats).
The subjects were divided into two groups with four per-
sons in each group. The subjects in Group A performed 10
repeats of the randomly changing colors task on the first day,
and 10 repeats of the fixed color task on the second day. For
the subjects in Group B, the sequence of the random color
task and fixed color task was reversed. The break between
repeats was 1 hour. During each session, the task proce-
dure was similar to that in the Checking Exp. except that in
the randomly changing color experiment part, the subjects
performed 6 trials three times with one repeat, and in the
fixed color experiment part, the subjects performed 6 trials
for each color with one repeat. The total number of trials for
each subject was 360 = 6 x 3 x 20. Altogether 21 misses
were exempted from analysis.

We checked the learning effect based on Throughput
(Eq.5), which is decided by considering both performance
times and error rates according to 1SO9241-9 standard [6].

The result shown in Fig. 8 shows that the throughput
was increased with practice for both tasks, and for the ran-
domly changing color task, the improvement was greater.

Through the data of Day 2, we know that after the prac-
tice of Day 1, the performance in both tasks tends to be more
stable. No more learning effects can be clearly observed
through Fig. 9.

Thus the results of the Learning Effect Exp. make it
easy to explain the conflict between the Checking Exp. and
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Fig.10 MT — ID, regression lines of the mixed data for three colors in
Exp. 1 (fixed) and Exp. 2 (random). (Mouse).

Exp. 1 and Exp. 2. Since in the Checking Exp., all the sub-
jects were experienced in pointing tasks and tablet PC usage,
their performances for the two kinds of tasks were closely
matched. On the other hand, in Exp. 1 and Exp. 2, the novice
subjects needed more time to fulfill the randomly changing
color task than the fixed color task. After training, it will
cost similar time for the subjects to perform the randomly
changing color task and the fixed color task.

6.2.2 Analysis of the Data with Mouse

According to ANOVA, there is no significant statistical dif-
ference among the mean times for different color presenta-
tion styles with mouse as the input device.

When the mouse was used as the input device, the
Checking Exp. results were identical to those obtained from
Exp. 1 and 2, and the time difference for performing with
Random Color and Fixed Color tasks is shorter than that for
using the pen as the input device (see Fig. 10 and Fig. 11).
This could be because the mouse is a familiar tool for all
the subjects (T-test results show that there is no significant
difference between the randomly changing colors task and
fixed color tasks). Even though some of the subjects had
no experience using a mouse to perform the pointing task
designed in this paper, their abundant experience using a
mouse in general computing helped them adapt to the task
quite easily.
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Fig.11  MT — ID regression lines of the mixed data for three colors in
Exp. 1 (fixed) and Exp. 2 (random) (Mouse) and the MT — ID relationship
of the mixed data for three colors in the Checking Exp. of Exp. 1 (fixed)
and Exp. 2 (random). (Mouse).
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Fig.12 MT — ID, regression lines of the interface with color (Exp. 2)
and without color (Non-color Exp.) (pen).
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Fig.13  MT —ID regression lines of the interface with color (Exp. 2) and
without color (Non-color Exp.) (pen) and the MT — ID relationship of the
checking Experiment of the interface with color (Exp. 2) and without color
(Non-color Exp.) (pen).

6.3 Differences Incurred by the Colored Interfaces

Finally we compared the results of the experiments with and
without colors.

The ANOVA results show that there is no significant
difference among the mean times for the colored interfaces
and the black and white interfaces, either with fixed colors
or randomly changing colors, pen or mouse.
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Fig.15  MT — ID regression lines of the interfaces with color (Exp. 2)
and without color (Non-color Exp.) (Mouse) and the MT — I D relationship
of the Checking Exp. of the interfaces with color (Exp. 2) and without color
(Non-color Exp.) (Mouse).
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Fig.16 MT — ID, regression lines for the interface with color (Exp. 1)
and without color (Non-color Exp.) (pen).

Nevertheless, Fig.12 and Fig. 13 show that with the
randomly changing colors in the interface, subjects need
more time to track the target when using a pen.

The results of the Checking Exp. are identical to the
comparison results (Fig. 13). T-test results show that there
is no significant difference between the fixed color and ran-
domly changing color tasks of the Checking Exp.

However, the difference in movement time is not clear
when a mouse was applied as the input device (see Fig. 14
and Fig. 15).

The comparison results of the Checking Exp. are not
the same as the comparison between Exp. 2 and the Non-
color Exp. Nevertheless, the T-test shows no significant dif-
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Fig.17  MT — ID regression lines for the interfaces with color (Exp. 1)
and without color (Non-color Exp.) (pen) and the MT — ID relationship of
the Checking Exp. of the interfaces with color (Exp. 1) and without color
(Non-color Exp.) (pen).
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Fig.18 MT — ID, regression lines for the interfaces with color (Exp. 1)
and without color (Non-color Exp.) (Mouse).
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Fig.19 MT — ID regression lines of the interfaces with color (Exp. 1)
and without color (Non-color Exp.) (Mouse) and the MT — I D relationship
of the Checking Exp. of the interfaces with color (Exp. 1) and without color
(Non-color Exp.) (Mouse).

ference exists between the Non-color and randomly chang-
ing color styles, therefore, we may ignore the discrepancy.

When the colors of the target are fixed, there is no ob-
vious difference among the colored interfaces and the non-
color interface either with pen or mouse (see Fig. 16, Fig. 17,
Fig. 18 and Fig. 19). Although the comparison results made
by Exp. 1, Non-color Exp. and the Checking Exp. are not
the same, since in either group of comparison there is no
significant statistical difference and the difference of direct
observation of the regression lines is also tiny, the difference
between the non-color tasks and the fixed color task can be
ignored.
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7. Conclusions

In this paper, we used Fitts’ law and ANOVA to thoroughly
compare the effects of using colors in pointing tasks. Three
colors (red, green and blue) were applied in the experiments.
Moreover, we also tested the effect of different color presen-
tation styles during the pointing task (fixed colors and ran-
domly changing colors). In case there could be discrepan-
cies caused by different subjects in the color and non-color
experiments, we also carried out a Checking experiment for
the three experiments (Exp. 1, Exp. 2 and Non-color Exp.).
A Learning Effect Experiment was executed to explain the
relationship between the Checking Exp. and the main exper-
iments.

The great regression of the relationship of mean time
and ID or ID, demonstrates that Fitts’ law is effective for
device evaluation of interfaces with colored targets.

With the experimental data, it is not difficult to make
conclusions on the effects of colors:

1. in pointing tasks, different colors will not produce
significant differences in performance. However, when the
subjects use a pen, they need more time to perform the color
task.

2. in the tasks with randomly changing colors, the per-
formance of the novice subjects is worse than in the task
with a fixed color. However, the difference is insignificant
when the subjects use the mouse.

3. in the task with colors (red, green and blue) and
without color (white), if the color is fixed when the target is
tapped, performance remains almost constant.

For the effects of different colors and different input de-
vices, we can conclude that the performance situation will
be different, but the differences are not big. When people
use a pen to tap the target with randomly changing colors,
the performance time is a little longer than when they tap
the target without color or without changing color. Using
the pen, there is no friction to limit the speed of the pen, and
sometimes it is difficult to change the accelerating power
so as to adjust the route of the pen. If the target’s color
is changed without warning, it is difficult for the subjects
to make changes according to their visual feedback. How-
ever, these phenomena were only apparent for the novice
subjects. For the experienced subjects, the difference is re-
duced. When people use the mouse, there is friction, so the
speed is not very fast and it is easier for subjects to adjust the
performance power when the mouse approaches the target,
regardless of whether the target is white, colorful or even in
randomly changing colors.

These conclusions imply that even though there is no
big difference for different colored targets in normal circum-
stances, in some special situations, for instance, for a novice
user, or when using a tablet pen, designers need to delibera-
tively consider the application of colors and color presenta-
tion styles.
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Appendix: Measurement of Luminance and Color
(Calibration)

We measured luminance and chromatic coordinates of the
colors that we used as stimuli by spectral radiometer (CS-
1000 made by Konica-Minolta). In measurement on tablet
PC, we set the angle between the tablet PC and the detector
of the radiometer in 66 degree from the horizontal surface,
which was obtained as the average of 5 observers’ experi-
ments. Distance from the screen and the detector was 30 cm
for the tablet PC and 50 cm for the PC (LCD), those were
also obtained as the average of viewing distance of these
observers.

Table A- 1 shows the luminance of the colors presented
by the PC (LCD) and the tablet PC. This table shows that
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Table A-1  Luminance and chromatic coordinates of stimuli used in PC
(LCD) and tablet PC.
Color of Stimuli Values SEM Error rate
Red
PC (LCD) Lv 40.71 +-0.78 1.92
iy 0.4204 | +-0.0011 0.27
v’ 0.5271 | +-0.0007 0.14
Tablet PC Lv 52.81 +—1.09 2.06
u’ 0.2829 | +-0.0021 0.76
v’ 0.5144 | +-0.0011 0.22
Green
PC (LCD) Lv 86.45 +—1.78 2.06
u’ 0.1403 | + —0.0005 0.34
v’ 0.5632 | +-0.0013 0.23
Tablet PC Lv 69.64 +—1.12 1.61
u’ 0.1979 | + - 0.0006 0.32
v’ 0.5272 | +-0.0038 0.72
Blue
PC (LCD) Lv 16.94 +-0.34 2.01
u’ 0.1295 | +-0.0012 0.90
v’ 0.2886 | + —0.0021 0.72
Tablet PC Lv 44.98 +—0.98 2.71
uw’ 0.1996 | +-0.0035 1.76
v’ 0.4520 | +-0.0054 1.18
Background White
PC (LCD) Lv 147.24 +—-247 1.68
u’ 0.2060 | + —0.0004 0.19
v’ 0.4816 | +-0.0018 0.37
Tablet PC Lv 93.41 +-041 0.44
u’ 0.2191 | +-0.0002 0.10
v’ 0.4940 | +—0.0004 0.07
06
05
04 4
- PC(LCD)
> 08 +
02 1
01 1
00 . . . . .
00 01 02 03 04 05 06
o'
Fig.A-1  CIE u’v’ chromatic coordinates of stimulus colors in PC (LCD)

and tablet PC. Squares and circles denote coordinates of colors by PC
(LCD) and by tablet PC, respectively. Open symbols denote background
white for each screen.

the luminance of the colors and the background white is dif-
ferent, therefore, we think that the target could be clearly
perceived from the background white clearly.

Figure A: 1 shows the chromatic coordinates plotted in
CIE u’v’ coordinates. As shown in the figure, the colors pre-
sented by the tablet PC are closer to the background white
compared to the ones by the PC (LCD). Although there is
difference of saturation of the three colors (red, green and
blue) in PC and tablet PC, we thought that since the aim
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of this research is to study the effect of colors on pointing
performance, therefore, we should use the most saturated
colors for each screen. Meanwhile, because the difference
of the primary colors from white is large enough in both PC
(LCD) and tablet PC, the difference of color saturation can
be included in the changing stimulus’ colors.
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