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ABSTRACT

This paper presents results from a user study designed to
evaluate the effectiveness of Korean text entry methods for
smartwatches. Specifically, the study compares the four pop-
ular text entry methods for smartphones in the context of
smartwatch use (three multi-tap 3x4 keypad methods and a
QWERTY-like method). A distinctive feature of text entry
in Korea is that traditionally different manufacturers have de-
veloped their own text entry methods starting with particular
physical layouts on feature phones that are now available as
soft keypads on smartphones. This research considers the next
step in this progression by studying the viability of adopting
these text entry methods on smartwatches. The results from
the user study indicate that existing methods can be effective
for text entry on smartwatches; analysis of the data offers sug-
gestions for improving the effectiveness of the methods.
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INTRODUCTION

The introduction of smartwatches has brought back the chal-
lenge of providing efficient and effective techniques for small
screen sizes [1]. Recent work on text entry methods for smart-
watches (e.g. DualKey [4], ZoomBoard [12], Swipeboard [3],
SplitBoard [7]) has focused on adapting the QWERTY layout
to the constraints of the small screen size. This work aims to
evaluate the effectiveness of existing 3x4 layouts for text en-
try; a QWERTY-like layout was also included as a base line.

The context of this work is Korean text entry. Korean users
have long faced multiple choices for text entry on their mo-
bile devices. Starting with feature phones different manufac-
turers offered their own fixed keypad layouts for the tradi-
tional 3x4 keypad. This trend continued with the introduc-
tion of smartphones, with the added flexibility that the users
can now choose their preferred text entry method. The larger
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screen size of smartphones has made it possible to adopt a
QWERTY-like layout for Korean smartphones, but its effec-
tiveness on a smartwatch has been questioned due to the lim-
ited space in which to fit 26 alphabetic keys. Previous work
has studied Korean text entry on feature phones [8], which
represent a significantly different form factor and mode of in-
teraction (physical vs. soft keys, two-thumb vs. single-finger
typing).

Korean text entry methods were chosen for the study, since
there are multiple alternatives that have been proven effective
and have been adopted by Korean users. In fact, some man-
ufacturers are already providing a soft keyboard for a smart-
watch based on one of the layouts considered in this study.
While these are essentially multi-tap methods, they do have
unique characteristics and offer innovative solutions to map-
ping an alphabet to a small set of keys. Note that Korean is an
alphabetic language, so the results in this work could inform
research on text entry methods for English.

KOREAN TEXT ENTRY

Figure 1 shows the layouts that were analyzed in this study:
(i) Sky (SKY), which was introduced by SK Telecom; (ii)
Chon-Ji-In (CJI), which was popularized by Samsung; (iii)
Na-Rat-Gul (NRG), which was developed by LG; and (iv)
QWERTY-like (2SET), which is the Korean layout for a stan-
dard keyboard. In the rest of the paper the term layout will be
used for text entry method.

The Korean language is alphabetic and consists of 40 letters:
14 basic consonants, 5 double consonants, 10 basic vowels,
and 11 vowel diphthongs. The basic forms can be seen in
Fig. 1(2SET) with the vowels occupying the right half of the
keypad. The 11 vowel diphthongs are typically not mapped
directly to keys on a layout, but are formed by combining the
basic vowels (e.g.ㅗ+ㅏ= ㅘ,ㅏ+ㅣ=ㅐ).

A unique feature of the Korean writing system is that the let-
ters are “packed” into syllables of 2 to 4 letters, which gives
Korean writing a distinctive appearance — for example, the
translation of the phrase Korean script has the letter sequence
ㅎㅏㄴㄱㅡㄹ, but is written as한글.

Finally, Korean letters for similar sounds tend to have simi-
lar shapes: ㄱ/ㅋ (g/k), ㄷ/ㅌ (d/t), ㅏ/ㅑ (a/ya). This has
offered opportunities for creative solutions of layout design.

The rest of this section introduces the 4 layouts used in this
study. The key mappings and an example key sequence to en-
ter the word뼛속 are shown in Fig. 1 and Fig. 2, respectively.
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Phrases Words
total: 400 1402
min len: 8 2
max len: 35 19
avg len: 25.42 6.54
letters: 10169
correlation with Korean: 0.993

SKY CJI NRG 2SET

Figure 1. The four layouts used in this study and phrase set statistics; the numeric labels are only for reference and do not appear on the interface. The
backspace key deletes only the last letter of the last syllable.

ㅃ ㅕ ㅅ ㅅ ㅗ ㄱ

888 66 77 ↲ 77 9 1

ㅃ ㅕ ㅅ ㅅ ㅗ ㄱ

777 221 8 ↲ 8 23 4

ㅃ ㅕ ㅅ ㅅ ㅗ ㄱ

5⊕⊗ 33⊗ 7 7 6 1

SKY CJI NRG

Figure 2. Key sequences for the word뼛속 assuming the standard numbering on a 3x4 keypad; ↲ is used for key segmentation in SKY and CJI.

SKY Layout

SKY is a 3x4 multi-tap layout. Letters are grouped on the
individual keys based on similarity of sound. The vowels oc-
cupy the last column and the middle key on the top row. To
enter a letter the corresponding key is tapped as many times
as indicated by the position of the letter on the key (e.g. 8 (ㅂ),
88 (ㅍ), 888 (ㅃ)). SKY requires a method for segmentation
when two letters on the same key need to be entered after each
other. For this study the only means for key segmentation was
via a single tap of the ↲ control key (timeout was not used).

CJI Layout

CJI shares some similarities with SKY with respect to the
consonants. Its distinguishing characteristic is that the vow-
els are not explicitly represented on the keypad. Instead they
are composed with the keys on the top row [ㅣ • ㅡ ], since
each vowel either has a horizontal or a vertical main stroke.
The • is used to complete a vowel by adding the shorter
stroke(s) and the order relative to the main stroke is impor-
tant. For example,ㅣ+ • =ㅏ, but • +ㅣ=ㅓ; similarly,ㅡ +
• = ㅜ , but • + ㅡ = ㅗ .

CJI also requires a means for segmentation. This layout has
the advantage of reducing the number of keys required to
compose the vowels. The disadvantage is that it has higher
gestures per vowel and increased mental load due to the order
in which the gestures are to be performed.

Note that CJI does not use the bottom-left/right letter keys.
This seems rather wasteful for a smartwatch where space is
limited. While it would have been possible to try a variation
that uses all keys (for example, distributingㅎ,ㅇ,ㅁ on the
bottom row, so that each requires one gesture), ultimately the
standard layout was used for the following reasons:

1. Manufacturers are likely to offer the standard form on a
smartwatch (e.g. LUNA G from SK Telecom) and it would
be useful to discover its performance characteristics.

2. The availability of the two extra keys makes it possible to
have immediate access to punctuation symbols and emojis.

3. To some extent SKY is a variant of CJI that uses all keys.

In fact, the results suggest that leaving out the two keys did
not affect the performance of CJI relative to the other layouts.

NRG Layout

NRG is conceptually different from the previous layouts. Its
design is inspired by the structure of Korean letters and uses
the concepts of adding a stroke (⊕) and doubling (⊗), which
are assigned to the bottom row [⊕ ㅡ ⊗]. Only a small sub-
set of letters is available on the keypad and the rest are com-
posed via these two transformations. For example:

ㅁ ⊕ = ㅂ, ㅂ ⊗ = ㅃ

ㅂ ⊕ = ㅍ

NRG does not require segmentation. It has been considered
to be faster than the other layouts for expert users, but it has
higher mental load due to the rules of composing the letters.

2SET Layout

2SET is essentially the analog of QWERTY for Korean key-
boards. The letters are mapped on a regular keyboard, includ-
ing 4 of the diphthongs. The 5 double consonants and 2 of the
diphthongs are produced by first tapping a shift key (⇑).

2SET has the advantage that most letters require just one ges-
ture and Korean users are already familiar with it. As with the
QWERTY layout for English, the challenge of offering a full
2SET layout on a smartwatch is that the small size of the keys
could make it impractical for text entry. 2SET was included
in the study as a baseline for this and future work.

EVALUATION

The performance characteristics of the four layouts were as-
sessed through a formal user study that involved a text copy
task. The study was conducted at a university in Seoul, Korea.

Participants

A total of 32 participants (16 male, 16 female; age range [20,
26], µ = 22.6) were recruited for the study. All participants
were native Koreans and none had used a smartwatch previ-
ously. Only one participant was left-handed.
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(a) (b) (c)

Figure 3. Performance averaged over all users per session with 95% CI: (a) text entry speed; (b) speed extrapolated to 28 sessions; (c) error rates.

Apparatus

The device used was an LG G Watch with a 29.6 x 29.6 mm
touchscreen. The presented phrase was shown at the top of
the screen and the participants typed underneath.

Phrase Set

The phrases used in this study were derived from the phrase
set in [8], which is a translation of the phrase set in [11]. The
phrases in [8] were adapted by the second author (a native
Korean), so that no phrase was longer than 14 syllables. Thus,
the longest presented phrase with 35 letters could fit within
the screen due to the rules of the Korean script of packing
letters into syllables. Figure 1 shows the phrase set statistics
computed using the software in [11] and the letter frequencies
reported in [9] for estimating the correlation with Korean.

Design

The study was gender balanced and used between-subject de-
sign with 8 participants per layout. The participants were as-
signed a layout that they had not used previously or were least
familiar with based on a self-report questionnaire. The one ex-
ception was 2SET, since all participants were familiar with it
and 21 participants were using 2SET on their smartphones.

The recorded data was used to analyze text-entry speed
(WPM), and total error rate (TER). Participants also com-
pleted a NASA-TLX survey [5] (Korean translation [10]).

Procedure

Each participant attended 8 sessions over 4 consecutive days
and entered 50 phrases per session for a total of 400 phrases
per participant. Each day consisted of 2 sessions separated by
a 5 minute break; within a session there was a forced 2 minute
break after 15 minutes. A typical session lasted 15–20 min-
utes. The participants wore the watch on their non-dominant
hand and entered the phrases with their dominant hand.

The first day included short training to familiarize the partic-
ipants with their assigned layout. After the participants were
briefed about the purpose of the study and signed a consent
form they were given a manual describing the layout and were
asked to enter 15 phrases. During training a new phrase was
shown only when the previous one had been entered correctly
or the participant exceeded 5 attempts.

During testing only one attempt was allowed per phrase. The
participants were instructed to enter the phrases as accurately
and as quickly as possible and to ignore errors beyond the last

2-3 syllables. Nevertheless, the participants tended to correct
most errors as observed in [13, 14].

RESULTS

Text-Entry Speed

Figure 3a shows the average text-entry speed per session for
each layout. 2SET is slowest across all sessions achieving
21.6 WPM by the end of the study (µ = 20.6,σ = 3.12), while
SKY starts to dominate around session 6 and achieves 26.4
WPM (µ = 23.4,σ = 3.42). CJI is the fastest in the first half
of the study, but ends up slightly behind SKY with 25.5 WPM
(µ = 23.6,σ = 4.15). Finally, NRG is ahead of 2SET achiev-
ing 24.5 WPM (µ = 22.0,σ = 4.26).

ANOVA revealed significant effect of layout and session on
text-entry speed (Table 1), the latter confirming the presence
of learning effect. A post hoc Tukey HSD showed that CJI
was faster than NRG and 2SET, and that SKY was faster than
2SET at p < .05. The other differences were not significant.
In contrast NRG was faster than CJI and SKY on feature
phones [8], which might be due to the advantage afforded by
two thumb typing that is lost on a smartwatch—on average
NRG requires longer travel distance with single-finger typing
to compose a letter with the ⊕ and ⊗ keys.

Source df F p F p

layout 3 10.43 < .001 15.44 < .001
session 7 9.91 < .001 1.12 > .05
layout*session 21 0.52 > .05 .48 > .05
Error 224

WPM TER

Table 1. ANOVA results for WPM and TER.

Figure 3b shows the learning curve extrapolated to 28 ses-
sions. The data suggests that NRG may continue to improve
and achieve performance similar to CJI. Despite the expecta-
tion that 2SET will be impractical on a smartwatch the partic-
ipants achieved an average speed over 20 WPM and seemed
to plateau at 21.5 WPM around session 5. This is fairly good
considering the constraints on key size. Also, CJI ranked at
the top even though it only uses 10 of the available 12 keys.

Error Rate

Figure 3c shows the average TER and UER per session for
each layout. As mentioned previously, despite the instructions
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Figure 4. Summary of the qualitative feedback from the 10-point scale NASA-TLX questionnaire.

(a) (b) (c) (d) (e)

Figure 5. Touch distributions with 95% confidence ellipses: (a) SKY session 1 (blue, dashed) and 8 (red, solid); (b) SKY all sessions; (e) average (dx, dy)

offsets in pixels between key and ellipse centers for SKY; (d) NRG left-handed all sessions; (e) 2SET all sessions.

to balance speed and accuracy the participants tended to cor-
rect most errors, which is reflected in the very low UER. As
expected 2SET had the highest TER (µ = 15.1,σ = 5.31)
due to the very small key sizes. NRG had the lowest TER
(µ = 9.6,σ = 4.18) across all sessions followed by SKY
(µ = 10.5,σ = 3.98) and CJI (µ = 12.4,σ = 5.76).

ANOVA revealed a significant effect of layout on total error
rate (Table 1). A post hoc Tukey HSD showed that 2SET had
higher TER than the other methods, and CJI had higher TER
than NRG, and this difference was significant at p < .05.

Qualitative Feedback

After the study each participant filled out a NASA-TLX ques-
tionnaire to rank the various dimensions of the task work-
load (Fig. 4). Of particular interest are the responses to
the Mental, Temporal, and Frustration dimensions. (The re-
sponses to Performance and Effort suggest that the partici-
pants did not have a good frame of reference of what con-
stituted good performance.) As expected 2SET had the high-
est expressed levels of workload, followed by NRG. Interest-
ingly, CJI was perceived as less demanding across all dimen-
sions, despite the reduced set of available keys and higher
difficulty for composing the vowels. SKY, which is a fairly
straightforward layout, was found more demanding than CJI.

Touch Distributions

Interesting patterns were observed in the data from the touch
distributions. In general, for the 3x4 layouts the spread of the
distributions was larger in the last session compared to the
first (Fig. 5a). The larger spread seems to correspond to faster
text entry speed — in the first session the participants were
slower and tentative, which resulted in a more concentrated
area of touches on the keys. By the end the increase in speed
resulted in less precise, though still effective, key taps.

A second observation for the 3x4 layouts is that, in general,
there was a skew toward the bottom-right corner of each
key (Fig. 5b,c — only SKY shown due to space constraints);
for the single left-handed participant the skew was toward the
bottom-left corner (Fig. 5d). This corresponds to the relative
orientation between the line of sight and direction of approach
to the keypad, and seems to be a result of the participants’

intent to compensate for the occlusion problem. The data for
2SET showed an overall tendency to touch below the key cen-
ters (Fig. 5e), which is consistent with the findings in [6, 2].

A possible direction for future work could be to study the
impact on error rate of the compensation functions described
in [6] that shift the coordinates of the touch by a fixed or dy-
namically computed offset. The results in [6] for QWERTY
layout on smartphones showed a decrease in error rate and it
would be important to confirm this effect for smartwatches.

DISCUSSION

This paper presented results from a user study on the effective-
ness of 3x4 and QWERTY-like layouts for Korean text entry
on smartwatches. The results show that these are viable op-
tions that achieve competitive speed at reasonable error rate.

Although the study was on Korean text entry, it could inform
work on English, particularly 3x4 layouts, which have been
studied less extensively. Note that the Korean layouts arrange
the letters so that the consonants and vowels occupy two dis-
tinct areas (vowels in top row of CJI, right column of SKY
and NRG, and right half of 2SET). This arrangement is well
suited for two thumb typing on a smartphone, since within
a phrase consonants and vowels alternate which generates a
rhythm for typing. This might also enhance text entry on a
smartwatch, since the vowels are accessible in a fixed loca-
tion that facilitates recall. Here are possible modifications of
the standard English layouts inspired by the consonant-vowel
split with only minimal changes and treating y as a vowel:

ae io uy

bc df gh
jk lm npq
rs tvw xz

q w r t y a e u i o

s d f g h j k l p
z x c v b n m

Similarly, one might expect comparable performance for the
English QWERTY layout. While the participants expressed
higher levels of frustration with 2SET, they still achieved over
20 WPM, albeit with 14.7 TER. Since 2SET has higher de-
mand than QWERTY (7 letters require shift key), it seems
that QWERTY should be closer to 2SET in speed. The data
reported for QWERTY [7, 12] does not support this observa-
tion, which might be due to differences in experimental setup.
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