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ABSTRACT

The QWERTY type keyboard is a classical device that has been used for computers for a long time. The keyboard
design of mobile devices like smartphones is an important issue to consider because of the limited space on the touch
screen. This paper presents a design for symbol allocation on the QWERTY type soft keyboard. A 27-cell model, in-
cluding the full stop (.), is proposed in this paper. A QWERTY type keyboard for smartphones is mainly known for its
spatial compatibility, whereas the characters of the ANSI keyboard are allocated to the shoulder positions for func-
tional auxiliary input methods such as the long pressing method.
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1. INTRODUCTION

The QWERTY type keyboard has been the classi-
cal type of keyboard for both typewriters and computers
for a long time. The layout shown in Figure 1 is the
standard layout of the USA’s visual arrangement of keys
on a computer, or other typographic keyboard (ANSI
keyboard, 1988).

Bemer (1982) studied the standards for keyboards
for mental aspects beyond physical aspects considering
human factors.

Currently, the touch screen keyboards of smartphones
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Figure 1. ANSI keyboard layout used primarily in the
United States.

or smart devices are widely following the QWERTY
computer keyboard layout, and similar to the QWERTY
keyboard, the touch screen keyboard also consists of
around 26 Latin letters. A good example of this is the
keyboard layout of the iPhone as is shown in Figure 2. It
is, however, important to note that the layout of the
QWERTY type keyboard found on smartphones is some-
what different from the computer keyboard’s layout
because of limited space.

Many symbols (i.e., the 42 characters shown in
Figure 1, such as the ten digits 0 to 9, the comma, and so
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Figure 2. Keyboard layout of iPhones.
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Figure 3. An example of dual assignment.

on) are not assigned directly and cannot be input by a
single tapping for many smartphones. However, touch
screens of smartphones have many functional input me-
thods, such as long pressing. Therefore, other symbols
can be assigned simultaneously with the 26 Latin letters
shown here in Figure 3.

This paper proposes a character allocation design
for touch screen keyboards of smartphones. The alloca-
tion of non-graphic keys and function keys, such as
level 2 select (frequently called ‘shift’), ‘capitals lock,’
‘return,” ‘backspace,’ etc., is not discussed in this paper
although the arrangement of these function keys is an-
other important issue. Neither the space bar will also be
discussed here which is generally located between non-
graphic function keys of the lowest row.

2. PRELIMINARY AND ASSUMPTIONS

This paper focuses on the design of three rows of
graphic characters except for the space bar. There is no
row for the digits 0 to 9. A row for these digits will give
an advantage of the direct input of digits, but this will
result in a smaller display window on the screen. There-
fore, the auxiliary method, for example, the long press-
ing method of a basic alphabet key is used to input digits
in this paper.

The alphanumeric zone of the ISO/IEC 9995-2
(2009) includes the 83 invariant graphic characters of
the 52 small and capital Latin letters, the digits 0 to 9,
the character space, and 20 symbol characters as is
shown in Table 1. However, the ANSI keyboard has an
extra 12 symbols as is shown in Table 1.

2.1 Symbol Allocation of Some Smartphones

We have researched the symbol allocation of basic
keyboards of some smartphones. As shown in Figure 2,
iPhones have no symbols even though accent letters,

Table 1. Symbols arranged in the ANSI keyboard

Symbol characters Number
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Figure 4. Some kinds of keyboards of smartphones. () GOOGLE keyboard, (b) SAMSUNG keyboard, (c¢) MULTILING
keyboard, and (d) A.LTYPE keyboard.
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such as A are possible by long pressing.

Figure 4 shows some kinds of keyboards, represen-
tatively, found on smartphones as well as Figure 2. There
are many soft keyboards than these. Many soft keyboards
allocate symbols on shoulder positions of keys, but spe-
cific positions are different respectively. The ten digits
0-9 can be found on the shoulder positions of the first
row and are the same for all the keyboards. However,
the second and the third row of the SAMSUNG key-
board, for an example, have no symbols when compared
to the other keyboards, and so on.

In Figure 4, it is reasonable that, for example, hid-
den symbols, ‘[, {, and <’ have similarity to ‘(" by the
similar geometric shapes and the conceptual compatibil-
ity as ‘open’. But, in the case of a group, for example, ‘!,
&, #, and %’, they have low compatibility each other.

3. NUMBER OF CELLS FOR BASIC
ASSIGNMENT

For recommendations of key size, values for the
center-to-center spacing of keys are generally around
0.75 inches (about 1.9 c¢cm) (Lewis et al., 1997). There-
fore, over 10 columns are very difficult for the length-
wise direction of phones, but 10 columns are unavoid-
able. For small full QWERTY keyboards, text entry be-
comes more problematic because of the small size of the
virtual keys, absence of tactile feedback, and occlusion
of virtual keys by fingers (Kwon et al., 2009).

We consider two alternative designs; the 26-cell
model and the 27-cell model, see Figure 5. For reference,
Hwang et al. (2012) designed a 27-cell QWERTY key-
board layout to implement a mental spelling system.
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Figure 5. Two alternative designs: (a) the 26-cell model
and (b) the 27-cell model.

The 27-cell model is preferred, because,
1) 10 cells for the 1st row, 9 cells for the 2nd row, and 8
cells for the 3rd row are a balanced design,
2) 1 extra cell can be used as the full stop punctuation (.),
which is a frequently used punctuation in texts, and

DIREE
LT

26-cell model 27-cell model

Figure 6. The center-to-center distance of the 2nd and the
3rd row.

c

A survey for the two models, as shown in Figure 7,
demonstrates that 30 of 32 students (age 19-23 years; 20
males and 12 females) preferred with the 27-cell model.

40

30

20

10

0 .
26-Model 27-Model

Figure 7. A survey for the two models.

3) The distance of the center-to-center spacing of the
two adjacent keys of the 2nd and the 3rd rows is
longer and more separable for the 27-cell model
when compared to the 26-cell model (by the Pytha-
gorean theorem). See the two arrows in Figure 6.

4. ALLOCATION OF SYMBOL CHARAC-
TERS

There are many functional input methods for smart-
phones (for example, long pressing, long pressing and
tap, long pressing and drag, drag, and so on). Therefore,
extra symbol characters other than the alphabet letters
can be used without switching keyboards simply by
making use of dual arrangement. It is difficult to insert
many symbol characters visually, so it is therefore sug-
gested to insert a representative character at the shoulder
position (see Figure 3).

4.1 Ten Digit Characters

The ten digits 0 to 9 are located in the first row as
is shown in Figure 8. This allocation is due to the origi-
nal location and the spatial compatibility (Williges et al.,
1987) of computer keyboards. A survey about the alloca-
tion of the digits 0-9 shows that 20 of 25 students (age
19-23 years; 16 males and 9 females; some participants
are same of Figure 7) agree with this type of layout.
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Figure 8. The first row.
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4.2 Symbol Characters in the Second Row

There are some alternative symbol allocations for
the nine cells of the 2nd row.

- Alternative A: To select nine symbols from ten shifted
characters of the digits row of ANSI keyboard, [!],
[@], [#], [$], [%], [*], [&], [*], [(], and [)], because of
spatial compatibility.

- Alternative B: To select nine symbols from all symbols
of ANSI keyboard (i.e., 32 symbols), depending on
the importance of symbols.

Alternative A is considered more desirable, and a
survey shows that 20 of 32 students (same participants
of Figure 7) agree to this idea. There are nine keys in the
second row, therefore, one symbol among ten symbols
should be omitted. Which one is preferable? After a
preliminary examination, these are some of the candi-
dates;

[!] because it is a punctuation like the comma (,) and the
remaining symbols have good spatial compatibility,
[$] because it is a national currency symbol,
[*] because it is a accent symbol like ['] and ['],
or others.

The result of the survey of 33 students (ages 19-23
years; 20 males and 13 females; 1 participant is added
the survey of Figure 7) is shown in Figure 9.

Hence, nine symbols except the exclamation mark

(1), are allocated in the 2nd row as is shown in Figure 10.

We grouped the 4 brackets as a group, (, <, [, {’
and the remaining 4 brackets as another group, °),
> 1, V', where ‘(C and )’ are the representative symbols
due to their conceptual compatibility of shapes and the
usage.

4.3 Symbol Characters in the Third Row and
Grouping

The exclamation mark (!) is located in the first key
of the 3rd row. The number of remaining cells is 7, and
25
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Figure 9. A symbol to omit in the 2nd row.
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Figure 10. Symbol allocations in the 2nd row.

>

the remaining symbols are 15, ['], [~], [-], [_], [=], [*],
[\1 05 [:1, G, [0, [, L], [/], and [?]. Seven symbols
should be chosen among them.

This problem may be solved by two approaches.
First, we need to consider the symbols in the basic posi-
tions on a computer keyboard (the set A in Figure 11),
and the symbols of ISO 9995-2 (the set B in Figure 11).
The common set of them are the 6 symbols, ['], [], [-],
[=], [/], and [;].

Second, we surveyed the user’s preference about
symbols. We requested to rank 1 to 5 among 15 symbols
and the rank 1 scored 5 points, rank 2 scored 4, and so
on. We did not request to rank 1 to 15, because it is dif-
ficult to rank 1 to 15 considering human’s information-
processing channel capacity (Knight, 1987).

Dell’Amico et al. (2009) studied the total fre-
quency of usage for the single-finger keyboard layout
problem. Here, only the space, the apostrophe, and the
hyphen had significant frequencies. Total of 81 students
(age 19-25 years; 46 males and 35 females) participated
in my study. The result (sorted by descending scores) is
as shown in Figure 12.

It is desirable to select the question mark (?) as one
of 7 symbols, though it is not in the basic position on
computer keyboards when compared with ['], [,], [-], [=],
[/], and [;]. On the other hand, ["], ['], and [~] are also
ranked high. The quotation mark (") may be important,
but ['] is ranked higher and is a basic positioning symbol
on computer keyboards. Further, ["] can be obtained by
doubling of [']. We think ['] may be confusing as a sin-
gle quotation mark, and may be selected for psychologi-
cal effect because of its first instance among 15 symbols.
It has the geometric similarity or conceptual compatibil-
ity to the apostrophe ['].

Figure 11. Classification of 15 symbols.

200

150 +

100

50 +

0 -

? [ " - N ~ . . / + = \ |

Figure 12. User’s preference about symbols.
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Figure 13. A design of the third row.
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Though [~] scored higher than [/] and [=], both of
[/] and [=] are included in the 7 symbols due to its origi-
nal location on a computer keyboard. It is difficult to
decide what to choose between [;] and [:]. We chose [:]
because we think it may be slightly more useful than [;],
for example, 5:30 pm.

The end result is shown in Figure 13, where the
specific location would follow the orders of a computer
keyboard. The comma (,) is located in the full stop (.)
key, and [?] is located near [.].

Now, we must group the remaining 8 symbols, [;],
L1 [+ 1" 1 I\, [~], and [|] to the prior assigned 17
symbols by the compatibility or geometric similarity, a
survey, and the ANSI keyboard’s existing group such

CI G B B B E
b 2 2 b b )and/'

According to a survey of 58 students (age 19-25
years; 33 males and 25 females) as shown in Figure 14,
the 8 symbols are grouped to the already assigned 17
symbols as follows;

[;] is grouped in [:] for similar shape. The survey result
shows the same.

[ ]is grouped in [-] for similar shape. The survey result
shows the same.

["] and ['] are in ['] because of its shape and usage as an
accent symbol. The survey result shows the same.

[\] is in [/] for similar shape. The survey result shows
the same.

The next three symbols are not easy to decide and
we choose among alternatives. We consider [|] be allo-
cated; 1) in [/] because it is located with [\] on the com-
puter keyboard and [\] is grouped to [/], or 2) in [!] be-
cause of its shape. The survey shows the first rank is [/]
and the second rank is [!]. Therefore we decide [|]
should be in [/].

We think alternatives for [~] can be 1) in [=] be-
cause it can be used as a ‘similarity symbol’ or, 2) in [-]
because the usage is similar to that of the hyphen.

The survey shows the first rank is [-] and the sec-
ond rank is [!]. The group of the second rank said they
used [~] and [!] as emotional symbols.
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Figure 14. The compatibility of the 8 symbols to already
assigned 17 symbols.
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Figure 15. [] and [=] versus [+] and [~].
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Figure 16. Dual arrangement of 27-cell model.

Table 2. Hidden symbols
Representative Hidden symbol
( <[
) =1}
+_
/ \|

We consider [+] be 1) in [-] because it is an arith-
metic symbol, or 2) in [=] because of the position com-
patibility on the computer keyboard.

The survey shows the first rank is [-] and the sec-
ond rank is [=].

In order to adjust the number of symbols of [-] and
[=] groups, we surveyed the compatibility of groups as
Figure 15 by 47 students (ages 19-25; 25 males and 22
females). The Figure 15 shows grouping {-, +} and {=,
~} is preferable.

4.4 Result

Figure 16 shows a dual arrangement of the 27-cell
model with 27 symbols first at shoulder positions.
Hidden symbols are allocated as shown in Table 2.

4.5 Other Symbols, For Examples

There may be other extra symbols. Currency sym-
bols, [£], [€], [W], and so on, may be in [$]. The stan-
dard keyboard of Great Britain have two more symbols
such — (not sign) and £ (pound sign) than ANSI. The
‘not sign (—)” may be in [!] because [!] frequently means
‘not’ in computer programming. The broken bar [|] may
be in [|] because of its shape. The centered dot (middle
dot) may be in the [.] key.
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5. CONCLUSIONS

Symbols on shoulder positions of smartphones can
be input by the auxiliary method, for example, the long
pressing method. There may be other hidden symbols
that have the compatibility to symbol characters of the
visual shoulder characters.

We designed a 27-cell model for QWERTY type
keyboard on smartphones, where the 27th cell is for the
full stop mark. The digits and symbols on the computer
keyboard are allocated and grouped to a smartphone
keyboard as shown in Figure 16 and Table 2.

This paper may be useful to make an international
standard by ISO/IEC JTC 1/SC 35 (User interfaces).
Many non-graphic keys as Backspace, Shift, etc., were
not considered in this paper, and this topic should be
studied in a future.
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