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Abstract. Thumb control area is a significant concern for manipulating hand-
held controllers. In order to obtain the thumb’s comfortable control area of
Chinese people, experimental measurements were designed and carried out. The
measuring parameters included right thumb size, comfortable control area and
comfortable control angle range. The data showed that with the increase of
control angle (from 0° to 90°), the thumb’s comfortable control far-end limit and
the near-end limit presented a monotonic increasing tendency. The thumb’s
comfortable control far-end limit equaled to the thumb length when control
angle was about 60°. Combined with the Chinese people hand size database,
typical percentiles of thumb sizes were calculated. The results can provide
references for handheld controller interface design, especially those for
single-handed operations.
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1 Introduction

Handheld controllers, such as TV and air conditioner remote controls and mobile
phones, have become a part of people’s life. When using a handheld controller, most
users prefer to use one hand to hold the device and control it with the thumb of the
same hand. Some handheld controllers are designed poorly, which make it difficult to
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reach the control key with the thumb while holding it with the same hand. In such a
case, the user has to adjust the holding position or use the other hand to assist oper-
ation, which makes it inconvenient to use. In order to improve operation performance,
the important and frequently used buttons should be located in the area where the
thumb can reach easily and control comfortably. This is also helpful for carrying out
control activities smoothly with only one hand.

Previous researches showed that the controller interface size, button layout, button
size, control form (physical button or touch screen), handiness and hand size have a
significant impact on operation performance and user experience. For small handheld
devices, such as mobile phone, most users prefer touch screen and attempt to manip-
ulate it with the thumb of the same hand (Pekka P., et al. 2006, Min K.C., et al. 2010).
Research on single-handed thumb interaction with a mobile phone showed that the
location of the icons on the touch screen had significant effect on operation perfor-
mance (Yong S.P., et al. 2010). For the user, interface of a mobile phone with
single-handed usage, the most comfortable icons were located on the middle, followed
by the upper side and the lower side; the bottom most part contributed to the worst
performance. Slightly larger interface had more disadvantages for single-handed
manipulation because of more zones that the thumb found difficult to touch (Yunfei X.,
et al. 2006, Amy K.K., et al. 2006). Whether operating hand was the preferred hand or
not also had significant effect on single-handed thumb manipulation (Keith B.P., et al.
2008). When the phone was a medium size, users with three types of hand sizes (small,
medium and large) have no significant difference in operation speed and accuracy. But
medium hand size users got the best experience from the flexibility of finger activities,
the total satisfaction of operation and the compatibility between phone size and hand
size (Hongting L., et al. 2014). It could be concluded from these studies that the
location of touch point on the interface had an effect on the thumb operation perfor-
mance and user experience. Thumb touching position on the interface is an important
issue influencing operation. The manipulation would be more comfortable and more
convenient if the touching points were located within the thumb’s comfortable control
area.

However, there is no data to represent where the thumb’s comfortable control area
is based on the hand size of Chinese people. This made the designers wonder where
exactly would be the comfortable location for arranging the buttons/icons, and how
large should the interface size be. Based on the concerns above, the experimental
measurements, addressing on the Chinese adult thumb’s comfortable control area were
designed and carried out. By collecting and analyzing the data, the thumb’s comfort-
able control area for Chinese users on single-handed devices was represented. The
results can provide helpful references for handheld controller interface design.

2 Method

2.1 Participants

28 participants were recruited for this experiment through online, email, and poster
advertisements. Participants were eligible if they were right handed, without a history
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of any disease of the right hand and were between 25 and 45 years old. All participants
were Chinese residents and lived in Beijing, China. They were 14 females and 14
males, half of them were between 25–35 years old, and half of them were between 36
and 45 years old. Their basic features are shown in Table 1. There was a significant
difference in the right thumb length between females and males (p < 0.01). Participants
were paid for their participation.

2.2 Design

A hand scanner was used to obtain hand dimensions. The participants were required to
put their palm down on the scanner screen with fingers spread and straight. The data of
hand and thumb would be obtained directly from the scan picture. Thumb length refers
to the distance of the transverse line between the thumb base and the tip, as shown in
Fig. 1.

A thumb movement range measuring plate was designed for recording the area of
thumb tip touching, as shown in Fig. 2. From the base point, the vertical upward was

Table 1. Participants’ basic features

Gender Participants Age Height
(cm)

Weight
(kg)

Right thumb Length
(mm)

Female 14 32.6 ± 5.8 162.4 ± 3.3 57.4 ± 4.8 55.5 ± 3.6
Male 14 32.2 ± 5.4 171.9 ± 4.8 70.3 ± 5.6 59.7 ± 3.9
Total 28 32.4 ± 5.6 167.2 ± 6.3 63.8 ± 8.3 57.6 ± 4.3

Fig. 1. Hand scanner
for thumb
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Fig. 2. Thumb movement range measur-
ing plate
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set as 0°. With the counter clockwise direction, lines were drawn evenly with 5°
intervals until 120°. A nail pole was placed perpendicular to the surface of plate at the
base position. Although the plate showed lines in 120° range, the actual measurement
was only between 0° and 90°, because this was the thumb joint range of motion.

The measuring scene is shown in Fig. 3. The goal was to obtain the comfortable
reaching area for the thumb. This was surrounded by the minimum comfortable angle,
the maximum comfortable angle, the near-end comfortable line and the far-end com-
fortable line. When measuring, participants remained sitting, arms naturally placed on
the desktop, wrist kept in neutral position, right hand held the measuring plate,
part of the hand between the thumb and the index finger was close tightly to the nail
pole, and the left hand assisted the fixed measuring plate. Except the thumb, all other
parts of the hand, as well as the arm were still. That is, during the experiment, only the
right thumb could move. If any movement occurred in the measuring process, the
measurement would be taken again. A lead was pasted just below the tip of the right
thumb to record the reaching area of thumb.

Participants were asked to make reaching actions with their right thumbs on the
measuring plate surface. The actions included reaching:

• The reachable limit line, which was composed by the maximum distance that
participants could reach with effort;

• The minimum comfortable angle line, which was composed by the minimum angle
that participants could reach naturally and comfortably by thumb adduction;

• The maximum comfortable angle line, which was composed by the maximum angle
that participants could reach naturally and comfortably by thumb abduction;

• The near-end comfortable line, which was composed by the minimum distance that
participants could reach naturally and comfortably by thumb flexion;

• The far-end comfortable line, which was composed by the maximum distance that
participants could reach naturally and comfortably by thumb extension.

Fig. 3. Thumb control area measurement
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2.3 Procedure

Prior to measuring, the experimenter guided the participant through the following:
informed consent, filling personal information, scanning right hand on hand scanner,
calibrating the measuring plate holding posture for the individual participant, giving
participants an overview of the experiment, teaching the participant how to perform the
task, and acclimatizing the participant to keeping the arm and hand still except the right
thumb. First, the right thumb reachable limit line was measured. Then the comfortable
reach area was measured. Participants were told to do this task in a natural and
comfortable way with their right thumb. After these setup activities, participants
practiced a bit and then marked their experimental data on the measuring plate. A brand
new measuring plate was provided for each participant.

3 Results

3.1 Data Obtained from Experimental Measurement

Data for the thumb reachable limit, minimum comfortable angle, maximum comfort-
able angle, near-end comfortable line and far-end comfortable line were collected by
experimental measurement. The overall means of the data obtained at various angles
are shown in Table 2. The data kept increasing with the increasing angles. It can be
seen that with the increase in angles (from 0° to 90°), thumb reachable limit presented a
monotonic increasing tendency, as well as the near-end and far-end comfortable reach
distance. The comfortable angle range was between 35° and 75°.

3.2 The Ratio Between the Thumb’s Comfortable Limit
and the Thumb Length

The proximal ratio and distal ratio were used to represent the relationship between the
thumb’s comfortable limit and the thumb length, i.e., proximal ratio equaled to the
thumb’s comfortable near-end limit divided by the thumb length and distal ratio
equaled to thumb’s comfortable far-end limit divided by the thumb length. The
proximal ratio and distal ratio could be calculated since the thumb’s comfortable

Table 2. Thumb’s reachable limit and comfortable reaching area (mean)

Angle(°) 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Reachable
limit

50 50 50 50 51 51 52 52 53 54 55 56 57 58 59 60 61 61 62

Near-end
distance

37 37 37 37 37 37 38 38 39 40 41 41 42 43 44 45 46 47 48

Far-end
distance

49 49 49 50 50 51 52 52 53 54 56 57 58 59 61 61 62 63 64

Comfortable
angle

√ √ √ √ √ √ √ √ √
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near-end value and far-end value had been obtained by experimental measurement, as
well as the thumb’s length. The results are shown in Table 3 and Fig. 4.

There was no significant difference in the proximal ratio between females and
males (p > 0.5). There was also no significant difference in the distal ratio between
females and males (p > 0.1). It can be seen that with the increase of control angle (from
0° to 90°), the proximal ratio and the distal ratio presented a monotonic increasing
tendency. When control angle was about 60° (for female, it was 65°; for male, it was
55°), the distal ratio was approximately 1. When the control angle was less than 60°,
the distal ratio was less than 1. When the control angle was larger than 60°, the distal
ratio was larger than 1. It showed that when control angle was about 60°, the thumb’s
comfortable far-end distance equaled to the thumb length. When the control angle was
less than 60°, the far-end distance was less than the thumb length. It was contrary to the
situation when the control angle was more than 60°. This was perhaps mainly caused
due to the following reasons:

• The hand anatomical structure. When the control angle was larger than 60°, besides
the thumb, part of the metacarpal that connected the thumb to the hand was also
involved during the action. Therefore, the thumb’s comfortable reaching distance
was increased due to the contribution of the metacarpal.

• The contact area of thumb pulp. When the control angle was small, flexion was
needed to make the thumb pulp have larger contact with the plate surface. Other-
wise, the contact was handled mostly by the thumb side, which was less

Table 3. Proximal ratio and distal ratio of the thumb’s comfortable reaching

Angle (°) 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Proximal ratio
(female)

.64 .64 .64 .64 .64 .65 .65 .66 .67 .68 .70 .71 .73 .74 .75 .78 .64 .64 .64

Distal ratio (female) .87 .87 .87 .88 .89 .89 .90 .91 .93 .94 .96 .97 .99 1.00 1.01 1.03 .87 .87 .87

Proximal ratio (male) .64 .64 .64 .64 .65 .65 .66 .67 .68 .70 .71 .73 .75 .77 .78 .79 .64 .64 .64

Distal ratio (male) .89 .89 .89 .90 .90 .91 .92 .94 .95 .97 .99 1.01 1.03 1.05 1.08 1.09 .89 .89 .89

Fig. 4. Proximal ratio and distal ratio of the thumb’s comfortable reaching
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comfortable than when handled by thumb pulp. As the control angle kept
increasing, the thumb pulp was more and more parallel with the plate surface, which
made the thumb reach farther.

• Personal habits. It was maybe the personal habit of the participants to reach with
thumb flexion when control angle was small and with thumb extension when
control angle was large.

3.3 Calculate Chinese Adult Thumb’s Comfortable Control Area

The thumb length of Chinese adults at various percentiles has been obtained by our
previous measurement, which was included in the Chinese people body dimensions
database, based on 20,000 samples of Chinese adults, as shown in Table 4.

As an example of extreme case, the thumb length of 5th percentiles female and 95th

percentiles male were calculated for their thumb’s comfortable control area. According
to the proximal and distal ratio in Table 3 and Fig. 4, the near-end and far-end com-
fortable line could be calculated. This is shown in Table 5.

It can be seen that the thumb’s comfortable control area was different for different
populations. The thumb’s comfortable far-end line of 5th percentiles female mostly
coincided with the thumb’s comfortable near-end line of 95th percentiles male. This
meant that the comfortable control area of 5th percentiles female and 95th percentiles
male was totally different. If a button/icon was located in the area that the 95th per-
centiles male find comfortable and convenient to manipulate, the 5th percentiles female
would find it uncomfortable and difficult to reach. Of course, the comparison between
5th percentiles female and 95th percentiles male was an extreme situation. A common
(overlapping) comfortable control area would definitely occur if the controller design
was based on 50th percentiles females and males.

Table 4. The thumb length of Chinese adults

Gender Female (18 to
65 years old)

Male (18 to
65 years old)

P5 P50 P95 P5 P50 P95

Thumb length (mm) 48 54 61 53 59 66

Table 5. Thumb’s comfortable reaching area of 5th percentiles female and 95th percentiles
male

Angle(°) 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

P5
Female

Near-end 31 31 31 31 31 31 31 32 32 33 34 34 35 36 36 37 38 39 39

Far-end 42 42 42 42 43 43 43 44 45 45 46 47 48 48 48 49 50 50 51

P95 Male Near-end 42 42 42 42 43 43 44 44 45 46 47 48 50 51 51 52 53 55 56

Far-end 59 59 59 59 59 60 61 62 63 64 65 67 68 69 71 72 73 75 75
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The thumb’s comfortable control area of 95th percentiles male is shown in Fig. 5.
For the handheld controller, if the buttons were located in the comfortable control area,
95th percentiles male could manipulate comfortably and conveniently with single-hand.
An application of the thumb’s comfortable control area study was the remote controller
design, as shown in Fig. 6.

The data in this study was suitable for a Chinese adult. Diverse races and ethnic
groups usually have different anthropometric features. So the proportion of each body
part may vary, including the ratio of limbs and hands. Therefore, the thumb’s com-
fortable control area for other races and ethnic groups should be measured all over again.

For a handheld controller, the operating performance and satisfaction is affected
significantly by the location of the buttons/icons, especially for the single-hand
manipulation. Putting the frequently used components within the thumb’s comfortable

Fig. 6. Remote controller: an application of the thumb’s comfortable control area

Comfortable control angle
Reachable limit

Comfortable control far-end

Comfortable control near-end

Comfortable control

Fig. 5. Thumb’s comfortable control area of 95th percentile male
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control area would result in better performance, more convenience and better experi-
ence for the user. The results could provide helpful reference for handheld controller
interface design, especially those for single-handed operations.
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