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ABSTRACT

Speech input is a natural text entry method fordhaid devices
that are used in different contexts. We conductedxeriment to
understand effects of input (speaking) style (pdiras. sentence
input) on Chinese text entry rates and user satisfawith other
two variables: recognition rate (50%, 70% and 9@%g message
length (10 vs. 20 characters). Wizard of Oz wasliegpn the
experiment due to lack of a working prototype. Tiesults
indicated sentence input was better on text enatesr and
preferred by end users rather than phrasal inpenwhcognition
rate was high. Recognition rate and message laféghted both
user performance and satisfaction. Further taskysisaon the
Mandarin message dictation process indicated thabr e
correction took the most percentage of task corgpletime,
followed by candidate selection and speaking ph#&deally,
design guidelines on Mandarin dictation applicatiovere
discussed.

Categories and Subject Descriptors
H.1.2 [Information Systems]: User/Machine Systems khuman
factors, software psychology.

General Terms
Performance, Experimentation, Human Factors

Keywords

Mandarin, Dictation, Input style, Wizard of Oz.

1. INTRODUCTION

The short message service (SMS) was widely accdptadobile
phone users in mainland China and had a tremengi@vegth in
terms of both user penetration rate and user armountecent
years.

SMS requires intensive user interaction for texryepurposes.
Entering Chinese characters is not easy in mobd#eicds.

Permission to make digital or hard copies of alpart of this work for
personal or classroom use is granted without feeiged that copies are
not made or distributed for profit or commercialvadtage and that
copies bear this notice and the full citation om finst page. To copy
otherwise, or republish, to post on servers oredistribute to lists,
requires prior specific permission and/or a fee.
Conference’04Month 1-2, 2004, City, State, Country.

Copyright 2004 ACM 1-58113-000-0/00/0004...$5.00.

Published in SIMPE 2009

Li Jiang
Institute of Psychology, CAS

Jia no.4, Da Tun Lu, Chaoyang
District, Beijing 100101, China

jiangli@psych.ac.cn

Xinxing Yang
Nokia Research Center, Beijing
Building no.2, No.5, Dong Huan Zhong
Lu, Beijing Economic & Technological
Development Area, Beijing 100176,
China

Xinxing.yang@nokia.com

Chinese is a logosyllable language and has teriioofsands of
characters. An intermediate encoding layer is reeggso enable
Chinese text entry with keyboards designed forrL&nguages,
which naturally require training [2, 3]. People asdl lack of
natural ways of entering Chinese text with mob#ides. In that
sense, speech input provides a good option forsusko are not
able to learn to use the coding systems. Moremsmech input
enables text entry with both hands free, which risical for
mobile devices that are used in various contexts.

Speech recognition technologies confront speciallehges with
Chinese. First, most Chinese characters are homiphdones
are thus very important for people to understaredtfeaning of
utterances. Second, spoken Chinese comprises atctdgroups
and Mandarin is the one with the most speakers ima[7].

Third, there are many different tones for differ@ftinese dialects
and most of the time they are semantically meaningfor

example, Mandarin has five tones. Those challengake the
Chinese speech recognition technology even morepleonthan

for other languages.

Mandarin message dictation applications based oeectp
recognition enables only character input [1]. Usins enter short
messages by speaking to the phone character bgatbarAfter a
character is uttered, the applications will recagrit and provide
recognition options in the form of pinyin marks.dds can select
the correct pinyin and Chinese character. Howewre
discontinuous input style impaired usability of thpplication.
People were expecting advanced and continuous iaples.
However, there is still more than one option fomtimuous
Mandarin speech recognition; the recognition canbbsed on
either phrase or sentence. Usually a Chinese plimakeles 2 to
4 characters and has a comparatively complete mgani

On the other hand, there is no study to exploreath@ntage and
disadvantage of the different speech input styléBus we
designed the study to understand user performamt@m@ference
of different input styles (phrase based or contusuepeaking
styles). Due to lack of working prototypes, we agplthe Wizard
of Oz method (WO2z) in the study. The method is ligwpplied
in the early phase of system design to gain anrgtateding of the
user's mental model and evaluate interaction desigtions,
especially when there is no working prototype ald#. Past
studies also indicated that text length and redagnirate affect
usability of speech recognition systems [6]. Thus study the
effects of input style together with recognitioterand text length.



In the rest of the paper, we first introduce objes and methods
of the study, followed by the results on user pennce and
subjective evaluations. Finally, we will discusse tmesearch
results and present conclusions.

2. EXPERIMENT
2.1 Objectives

We want to answer following questions with the gtud

¢ What is the effect of input style on text entryerand
satisfaction together with the other two factorseafognition
rate and text length?

¢ What are the interaction effects of the three fctn text
entry rate and satisfaction?

« Wil the effects of recognition rate and text lemgbe
comparable to past results?

*  What design implications can we get from the streblults
on Mandarin text dictation systems?

2.2 Method
2.2.1 Design

The experiment was a 3*3*2 within-subject desigrthwihree
independent variables of input style, recognitiate and length of
messages. The three input styles were phrase lrgsedwith 4

options, phrase based input with 7 options andsémence input.
Three levels of recognition rates were taken irtcoant: 50%,
70% and 90%. Users needed to input short messagesoo
different lengths: 10 characters or 20 characfinss, at least 18
short messages need to be inputted to cover aléstimg cases.
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Figurel Theinput styles (from left to right: phrase input with
4 options, phrase input with 7 options and the sentence input)

Options Exit Options

Time for entering each short message was recoraed tae
participants were also asked to give a score th @g@out case
with a 5-point Likert scale questionnaire.

2.2.2 Participants

12 users, half male and half female, took parhagtudy. All use
SMS and the Chinese pinyin method every day. Alginoail were
familiar with the Sybmian S60 user interface, they novice with
the speech input. All were right handed. Each xexka gift after
the experiment.

2.2.3 Tasks and Materials

The tasks for the participants were to copy 18 tsihrassages by
speaking to a mobile phone one by one in pre-définays. All
messages where shown to the participants durinopghe process.
Before each dictation case, the participants westrlicted on the

Published in SIMPE 2009

input styles to be used with the next message. diteome
messages of each dictation were also pre-defingddioate the
recognition rate as if there was a working speestognition
engine behind. The participants were also instdudte revise
errors in the outcome messages. The Chinese pimyint method
based on the 12-key keypad was used in the ernoeatin
process.

All SMS used in the study were selected from a tshert
message corpus. All characters in the messagensgadothe top
500 most often used Chinese characters. To indibatelifferent
recognition rates in the “recognition” results, therongly
recognized characters would randomly appear inniessage.
Table 1 shows examples of the short messages aeid th
presentation form indicating different input styles

Table 1 SM S examples and the means of indicating input style

Input Styles M essage example
Phrase BAT_IAE_ A HE_ R
Sentence | A HEKFRRPR

2.2.4 Apparatus

Nokia E50, with a software program designed speadifi for the
experiment, was used in the study. Results on tashpletion
time were automatically logged by the program fatacanalysis.

2.2.5 Procedure

Each participant took part in the experiment indiirlly with one
researcher in a quiet lab. The researcher firgbdiiced the study
objectives and emphasized that the study focused then
interactions instead of the participants. Then tlesearcher
explained how to use the dictation application. rialtsession
followed, with which the participant could practiemtil s/he
thought s/he could start the testing sessions. @kmeriment
included two sessions: one for 10-character message the
other for 20-character messages. Testing order emster
balanced to avoid transfer effect. An Infinite Inasiquare
experiment technique was applied to offset effemssed by
testing orders of input style and recognition rate.

When entering a message, a participant neededeakgp the
mobile phone in the pre-defined way and made warmessage
was exactly the same as instructed. After enteenmessage,
participants gave a score on the task difficultghwéa 5-point

Likert scale questionnaire. The process would repedil the

participant finished entering all of the 18 message

3. RESULTS

We present the results in the following two sessidepending on
their measurements: text entry rates and subjecixauation
results. In each session, descriptive results ims¢ fresented,
followed by statistical testing results.

3.1 Text Entry Rates

Figure 2 shows the descriptive input speed resResognition
rate, input style and message length all affeceed ¢ntry rate
according to the table. The text entry rate inedass the
recognition rate increased. Sentence input weréetben text
entry rate while there is no difference between tthe phrasal



input methods. Text entry rates of dictating longssages were
higher than those of dictating short messages.
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Figure 2 Text entry ratesin different conditions

Table 2 shows the ANOVA test results. Main effeaf
recognition rate (F (2, 22) = 87.884, P<.001), inptyle (F (2,
22) = 27.088, P<.001) and message length (F (1~=127.053,
P<.001) are all significant. The text entry ratesrevhigher when
the recognition rate was higher; users enter lomgessage; and
sentence input was used. The interaction effectwdmst
recognition rate and input style was significan{4F44) = 46.88,
p<.001). When the recognition were 50% and 70%tdkeentry
rates with different input styles were marginaligrsficant at the
0.05 level (50%: F (2, 22) = 5.517, p = 0.005; 70RP42, 22) =
3.525, p = 0.035). When the recognition rate is 9084t entry
rates of the three input styles were significamtifferent at the
0.001 level (F (2, 22) = 16.782, p < 0.001). Thentt is clearly

No other significant effect was found. When theoggdtion rates
were 50% and 70%, participants gave similar sctovehe three
input styles. When the recognition rates increase@0%, they

gave marginally higher scores to sentence inp2(R22) = 2.546,
p = 0.086). When the recognition rates were 70%%0%, users
gave significantly higher scores to tasks of entg20 characters
(50%: F (1, 11) = 35.609, p < 0.001; 70%: F (1,2B0.075, p <
0.001). When the recognition rate reaches 90% suselined to

give similar scores to both types of tasks (F @,4 1, p = 0.321).
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Figure 3 Subjective Scores (the higher the better)
Table 3 ANOVA test results on subjective scores

shown in Figure 2.

Table2 ANOVA test resultson text entry rates

Source F p
Recognition Rate 135.644 | <0.001
Input Style 0.933 0.408
Message Length 38.047 <0.001
Recognition Rate * Input Style 3.196 .022
Recognition Rate * Message Length 9.683 .001
Input Style * Message Length 0.376 .691
Recognition Rate * Input Style * 1883 130
Message Length

Source F p
Recognition Rate 87.884 <0.001
Input Style 27.088 <0.001
Message Length 27.053 <0.001
Recognition Rate * Input Style 7.4%94 <0.001
Recognition Rate * Message Length 0.249 .78(
Input Style * Message Length 0.281 .755
Recognition Rate * Input Style * 0.342 850
Message Length

3.2 Subjective Scores

Results of subjective scores are shown in Figure TBe
participants gave 4 or more to tasks whose recognitte was
90%. However, when the recognition rates were lpweople
gave higher scores to the tasks of dictating 20aciier messages.
The differences on subjective scores among the timgut styles
were not consistent or clear in pattern.

Table 3 shows the ANOVA test results, which indésathat the
main effects of recognition rate (F (2, 22) = 138.6P<0.001)
and SMS length (F (2, 22) = 38.047, P<0.001) weégeificant.

Recognition rate had significant interaction witd$S length (F (2,
22) = 9.683, P<0.001) and input style (F (4, 48.396, P<0.05).
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4, DISCUSSIONS AND CONCLUSIONS

The results showed that text length, recognitiole @nd input
style all affected text entry rate of Mandarin dtain. The text
entry rates for Mandarin dictation range from salV&v/PM to
about 30WPM, which are comparable with the speddstteer
methods [2, 3, 4].

We tried to explain the results based on a taslysisaof the
dictation process. The phrasal dictation task ietuthree sub-
processes: speaking, error correction and candsddéetion from
phrase options, while the sentence dictation ctmsisly the first
two phases. We recorded and computed participapsaking
time when they uttered a whole sentence. The agespgaking
times for the 20-character messages and the l1@atear
messages were respectively 6.20 seconds (SD =)0aBiti74.17
seconds (SD = 0.175) and the input speeds werectggly 3.22
and 2.4 syllable per second. The speaking time todk about
4% to 6% of the total task completion time. Thusaae assume
that the speaking time in different recognitioresatvere the same.



Moreover, with the same recognition rate, time utedaorrect

errors in messages of the same length could alsasemed as
the same. Thus, when the message length and thgnigon rate

were the same, the only difference between thesphraput and

the sentence input was that the latter doesn’tidekthe candidate
selection process. If we minus the time for sergénput from the

time for phrasal input, the results would be thmetifor the

candidate selection process. Furthermore, we camuanihe

speaking time and the candidate selection time ftwertotal time

for phrasal input to get the time used for errarection. Figure 4
presents time costs for each sub-phase with thasphdictation

with 4 options. According to the results, the eromrrection

process took the most percentage of the totaldesipletion time;
followed by candidate selection and the speakinggss.
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Figure 4 Time cost of each sub-phase for phrase input with 4
options

First, the sentence input was significantly quidkem the phrasal
inputs because the former saved time of the catelisielection
process, which took on average 23.07% of the tdaésk

completion time. Moreover, error correction tooke thmost

percentage of the total task completion time and tee most
critical process affecting user performance. Thusgher

recognition rate resulted in higher text entry rdtiee results also
indicated when the recognition rate reached 90%jrthut speed
of sentence input was much better than that of gathranput

whereas it was just marginally better when recagmitates were
50% and 70%. This was because when the recogmisitnwas
low, error correction took the most user effortsl anoffset the
advantages of sentence input on candidate seleatidrspeaking
speed. However, when the recognition rate increas&@%, user
efforts and time on error correction decreased ahdintages of
sentence input on candidate selection and speapegd were
comparatively enlarged.

The results also indicated that the input speeeraéring 20-
character messages was quicker than that of egtgéfircharacter
messages. The result partly supported theoretiodefa provided
by Price and Sears [6]. One of the key assumptiass that the
input speed of text dictation would increase assags length
became longer. This might be because Mandarin spgapeed
of long material was faster than that of short mial® Moreover,
participants had more practice with longer messagki&h might
result in an improvement in performance.

Subjective scores are usually not consistent witljeative
measures for speech recognition [5]. We found irgtyle doesn’t
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solely affect the subjective scores like the ottvay factors do.
However, input style interactively affected the jeghkive scores
with recognition rate. When the recognition rateswa0%,
participants preferred the sentence input. Whenrdéoegnition
rates were 50% and 70%, the participants didn’sist@ntly show
their preference. This was probably because whemabognition
rate was low, people still paid more attention dw terror
correction process instead of speaking style. Mgs$angth also
interactively affected the subjective scores witkagnition rate.
When the recognition rates were low at 50% and 786,
participants gave significantly higher scores t® tidisk of entering
20-character messages than 10-character ones. When
recognition rate was 90%, the subjective scorebath types of
tasks were similar. This was probably because wites
participants gave the scores, they still can rensenthe errors
occurred in the 10-character messages. Howevera# quite
difficult to remember the errors which happened tiire 20-
character messages because the capacity of shambmnevas
only 5 to 9 items. However, when the recognitiote naas 90%,
the errors were few and easy to remember in batésca

Current error correction with keyboard text entrgthods are not
proper for message dictation application since tbasts higher
percentage of time and require interactions withdsa If we refer
to the daily oral communications between peopleeaging or

further explain are common. Can we apply the sapproach?
For a Mandarin text dictation system, continuoysiirmight be a
better choice since it can increase user performaand

satisfaction on the same recognition level.
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