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ABSTRACT suggestions rated their workload lower, their enjent

Entering search terms on mobile phones is a timehigher, and saved nearly half of the key pressas the
consuming and cumbersome task. In this paperxpoe users who were not shown suggestions.
the usage patterns of query entry interfaces tliglad/ o ; ; ;

; . ; : ur primary goal is to build a usage model of quer
suggestions. Qur primary goal is to build a usageehof sugger:\)stionsyir%J order to provide Ul ggidelines fombii(:]e ’

e e e on oo ™ 1 predicion neraces. We show trat uses podt
9 P ) correct suggestion by the third time it is showrhisT

'trr:f:rf:igrs .;/r\]/ho (\a/\;erse asléggo';os rear::jr tﬂgirlecsﬂé)lglnm:rsea behavior implies that it is safe to replace suggastafter
' with query suggest Ir w W three appearances in the list, which allows ushtwsmore

and their enjoyment higher. They also saved, onmaae . . - )
; suggestions using less screen space. Surprisinggys will
approximately half of the key presses compared stersu oftge]?\ accept sugggestions evenpif the pr(?cess afgded

who were not shown suggestions, despﬂg no asedciat results in an increase in the number of total kegges.
decrease in time to enter a query. Surprisinglgrsislso

accepted suggestions when the process of doingsstted  ExpERIMENTS

in an increase in the number of total key presses. Each user was given a phone with an instrumentee Ja
(J2ME) application (Figure 1). At the start of teaudy,
users were given a verbal outline of the user sttigt they
would be entering 23 queries on a mobile phone taad
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ACM Classification Keywords would be asked a series of questions regarding tven
H5.2. Information interfaces and presentation: Ustrfaces. preferences and experience. They were adwsedrtumio

the query to memory when it was presented, as ildvoot
INTRODUCTION be displayed on the query input screen. Users were

Typing text on a standard 9-key cell phone is difi and  informed of the position of th@K key and of the existence
time consuming. The average query on Google’s lobi of theremind mekey (which they could use in the case they
search page is 15 letters long, but takes 30 kegsps and  forgot the query). No mention was made of the query
approximately 40 seconds to enter [1]. To addthese  suggestions, or of any other interface detailsdésrom
inefficiencies, a variety of text prediction technés have  this verbal introduction, the study was not modsaat

been proposed, including eZiType, iTap and T9. We
consider systems such as eZiType to be wsrggestion
systems, since they complete the word before alldgtters
are pressed. Systems such as T9 (in its commo
instantiation) are wordlisambiguationsystems that use a

d|ct|onary.to map 9-.keypad button presses to words. key (Figure 1a). Thquery displayscreen informed the user
more detailed analysis can be found in [2,6]. of the query to enter. Thguery inputscreen consisted of a
In this paper, we study usage patterns of a queggestion  text box; only multi-tap text entry was enablecthis text
system. We show that mobile phone users will relgdily  box. If the user mis-entered a query, the appticavould
on suggestions if they are provided. Users whevasked  display an error screen, which contained the comeery
to enter queries on a search interface with query(Figure 1c). From the error screen, the user wdseeted
to the previougjuery inputscreen. In this phase, the exact
Permission to make digital or hard copies of alpart of this work fo key press sequence and associated times were logged

personal or classroom use is granted without fegiged that opies ar .
not made or distributed for profit or commercialadage and that copi In the second phase, the user was presented with th

The experiment consisted of 2 phases: a query-gfiage
and an evaluation phase. In the query-entry phasers
were shown 2 types of screens:qaery displayscreen
rtFigure la) and auery inputscreen (Figure 1b). Users
progressed from one screen to the next by presse@K

bear this notice and the full citation on the fipsige. To copy otherwis NASA-Task Load Index (TLX) [3] scales and companiso
or republish, to post on servers or to redistribiotdists, requires pri guestions (Figure 1 d,e). In addition to the NASIEXT
specific permission and/or a fee. scales, users rated the “enjoyment” of the expeeeifhis

CHI 2008, April 5-10, 2008, Florence, Italy. ti t din th kload calculati
Copyright 2008 ACM 978-1-60558-011-1/08/04...$5.00 rating was not used In the workload calculation.



On the next screen, fype the
query:
american kennel
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Figure 1:Snapshot of application provided to each ser.

Interface Variants Tested

Six interfaces were studied; each user was assigrsatgle
interface for the duration of the study. The sixeifaces
differed only in the number of suggestions dispthgs the
user was typing the query. The number of suggestio
ranged from zero (no suggestions) to a maximumive f
suggestions (the maximum number of suggestionsfithat
on the screen without requiring the user to scroll)

As shown in Figure 1, the suggestions (if preseviye
presented in a drop-down list below the textboxerds
could access the suggestions by pressing the dewnTke
first down key press would remove the cursor frdm t
textbox and highlight the first suggestion. Eachsaguent
down key press would highlight the next suggestiothe
list. Users could accept a highlighted suggestion b
pressing thé@OK key and the contents of the textbox would
be replaced with the suggestion. Text entry washdésl
while traversing the suggestions list; howeversaricould
scroll up past the first suggestion to re-enabteeatry.

Queries & Suggestions

The 23 queries that users were required to inputewe
chosen from the Google query logs and fulfilled the
following 4 constraints.  Each query consistedoofy
letters a-z and spaces, was 15-16 letters in legfgthuding
spaces), required 30-31 key presses (assuming -taplti
input, no use of suggestions, and no errors), adl thvo
sets of consecutive letters that appeared on the &ay on

a 9-key keypad (Figure 1). The length of each querg
number of key presses required for each query wleosen
to be consistent with average length of mobile gseand
the average number of key presses needed to aetar[4].
Three sample queries are: “arclight cinema”, “thie
door”, and “american racing”.

The queries were presented in the same order [forsatfs.

For queries numbered 7,11,15,19 and 23, the correct

suggestions were “hard-coded” to appear after ther u

typed the third letter in the query, and the cdrrec
suggestions appeared at positions 1,4,3,2 and
respectively. With each additional letter, the eatr
suggestion moved up one position, until it reactiedtop
position. For all other queries, their suggestifmtwed
the convention of Google Suggest [5]. The suggestio
appeared in decreasing query frequency order, wsdfin
the Google query logs. The suggestions only hadaupw
mobility as the prefix expanded.

5

Users & Datasets

Thirty users who owned Motorola RAZRs participaiad
the study; a single phone type was used to eliminat
confounding factors. The users consisted of 11rexggs, 5
sales reps, 6 product managers, aednloyees from other
departments. No users were chosen from groups agrki
with mobile products. The 30 users were dividet i6
groups, and each group was assigned one of thdaicge
variations. To control for text entry expertise GBY
variations, each group consisted of 3 expert ugigse
who reported sending an SMS at least 1/day), llaegser
(SMS: 1/week) and 1 novice user (SMS: 1/month).

We analyzed the 125 trials with “hard-coded” sudjoes
(from the 25 users who saw suggestions) to study ho
movement affects acceptance patterns. The rema#bog
trials were considered for time and key pressedysisa
When evaluating average time to enter a query, we
disregarded the 44 queries where a user either tised
remind mekey, or entered the query incorrectly (and was
shown the error screen). Of these 450 queries ethten
interfaces which displayed the drop down list
suggestions, 435 had a useful suggestion showrrebtie
user finished entering the query. We consider usefu
suggestions to be partial completions (where tlygastion
completes part of the desired query), super cormoplket
(where the suggestion is a superset of the deginedy) or
full completions (where the suggestion is the dekir
query). The distribution of useful suggestions wesghted
towards full completions; 348 queries were showthwiill
completions in their suggestions list (Showing dl fu
completion was not exclusive of showing partialsoper
completions). Unless otherwise noted, the stasisticthis
paper refer only to full completions. The histograrh
number of letters a user typed before the full cletmmn
appeared in the suggestions list is shown in Figure

of

70

60

3 a 5 7 8 9 10 11

number of letters typed before the correct sugge sti
drop down list

12 13 14

on appeared in

15

Figure 2: Histogram of the number of letters enterd before the full
query completion appears in the suggestions list.



FINDINGS majority of the time. Across all interfaces, usacsepted a
Users who were asked to enter queries on a seamffaice  correct suggestion 88.5% of the time. This was asetb
with query suggestions rated their workload lowtseir  from a sample of 348 queries for which the complete
enjoyment higher and saved nearly half of the kessges  suggestion appeared in the drop down list of suimes
than the users who were not shown suggestions €THbl  before the user finished entering the query.

Surprisingly, time to enter a query wagst reduced with the The number of suggestions shown to the user did not

decreased number of key presses. impact the high acceptance rate. Figure 3 shows th
Table 1: Workload, enjoyment, key presses and timper query acceptance rate for each interface; the differeacesss the

(Note that the number of key presses for interfacesith suggestions interfaces are not statistically significant.
include those required to select and accept a suggestion.)
no suggestions with suggestions p 0.05 10

90

workload 26.4 20.5 Yes 80
enjoyment 1.8 3.2 Yes E_0
# key presseg 31.2 18.7 Yes s0
time (s) 20.1 20.8 No :2
Enjoyment and overall workload of the task reveat t "

user’s qualitative perception of query entry. Orerage,
users who were not shown any suggestions ranked the
enjoyment of entering the 23 queries as a 1.8 acade Figure 3: Percentage of times the correct suggestiags accepted.
from 1 to 7 (max=3, min=1). Users who were shown
suggestions rated their enjoyment at an averagg2obn
the 7 point scale (max=7, min=1).
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accepted

% of correct suggestions
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number of suggestions shown to user

Users often ignore the cost of accepting a suggesti on

The most common method of judging the cost-berufit

) ) using a suggestion is by the number of key presaesd.
We used NASA-TLX to determine the user's perceived However, users did not make that cost-benefit aimly
workload, as per the conventional formula [3] andrfd  \when considering whether to accept a listed suggesdf
that a user’s perceived workloa_\d reduced_ over fioets suggestions that were presented to the user when th
when the user was presented with suggestions. number of key presses left to type was less thamtimber
The number of key presses and amount of time netmled of down and enter key presses required to seleet th
enter a query reveal quantitative efficiency metfior the  suggestion, 50% were accepted. In these casegtiacra
task. The number of key presses needed to enteley q Suggestion resulted in a nilcreasein key presses over
nearly halved for users who were given suggestionscompleting the query by typing. It is likely thasers are
However, the time to enter a query did not reduita tine not making this tradeoff because it is fairly complusers
decrease in key presses. This trend indicates timt Wwould need to continually evaluate the number dets
presence of query suggestions nséoyw the number of key  left, how many key presses each remaining lettetsile
presses/second.  This is preliminary evidence that(most letters require multiple key presses) andpibstion
displaying suggestions trades off an easier ingpegence  of the correct suggestion (the number of downs) .

W|th an increase in COgnitive |0ad; th|S tradeoﬂsmlso We a|so examined a Simpler model for eva|uatingm_
been noted in studies of other mobile text enttgrfaces  penefit of accepting a suggestion: we look at thealper of
which display suggestions [7]. For more evidentehe |etters left to type versus the position of the gasgion in
cognitive load introduced by displaying suggestionthe  the |ist. We find that users commonly do not coesithis
user, we looked at the 27 queries where none of th&jmpler model either. Of the suggestions which were
displayed suggestions were accepted by the uses€th presented to the user when the letters left to typee less
instances were spread across 11 expert, 3 averajd a than or equal to the position of the suggestion] %3were
novice user). The average time to enter these @gievas  accepted. In the majority of the cases, usersod@mngage
30.3 seconds. This is significantly longer than éverage i, a cost-benefit analysis when deciding to acapmry

of 20.1 seconds it took users to enter queriesowith gyggestions, neither on the key press level naherletter
suggestions, which is a strong indication that sis@re  |gyel.

spending a significant fraction of their query gntime

processing the suggestions. Users will accept a correct suggestion quickly
. . If a user has not accepted a suggestion after shavn
Users rely heavily on query suggestions three timesi(e. for three unique prefixes) it can be taken as

100% of the users who were shown suggestions aatept 3 strong signal that the suggestion is not the'sisgended
least one suggestion; the average number of acteptequery. Correct suggestions were shown an averagedof
suggestions (including full, partial and super c@tipns)  times before they were accepted. 97.4% of acceptedes
per query was 0.9. If the correct suggestion appieathe  \yere selected from the list by the third time thegre
query suggestion list, users will scroll down anmatept it shown. Figure 4 shows the histogram of numbermési a
rather than complete the query by typing an ovelwiigy  g,ggestion was shown before it was accepted.
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Figure 4: Number of times a suggestion is shown foge acceptance.

Showing more suggestions may hinder the efficiessige
of suggestions. Users who are shown fewer suggesstice
likely to accept a suggestion earlier, perhaps tseavith
fewer suggestions it is easier to identify a cdrrec
suggestion. Figure 5 shows the cumulative percenfag
the number of times a correct query was shown beitor
was accepted. We see that the median shifts towamds
increasing number of appearances as the number
suggestion shown increases.
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Figure 5: The cumulative percentage of number of thes a correct
suggestion was shown before it was accepted.

Another factor which impacts how quickly a user Iwil
accept the suggestion is the movement of the stigges
the list. Suggestions in this model (and all modiele/hich
the suggestions are ordered by the frequency afroemce)
move upwards in the list, though their exact moveime
function may not be rigidly defined. We looked atot
cases: the case where the suggestion moved ort®pag
with each new letter and the case where the suggest
stayed in the same position after a new letter evasred.
Counter intuitively, movement of suggestions in s
seems to hinder efficient acceptance as suggestbith
moved were accepted later than suggestions whafedt
stationary. To measure this, we looked at quenieshered
7,11,15,19 and 23 which, as previously mentioneat] h
their full completions hard coded to appear after tser
typed the third letter at positions 1,4,3,2 and$pectively.
For these queries, the full suggestion moved uppmséion
with each additional letter until it reached the fmosition.
From that set, we disregarded the non-moving suigmss
(shown once before acceptance, etc). The averagéaru
of times a suggestion was shown before the usepted it

was 3.8, and the average number of positions thesé&.

suggestions ever occupied was 2.5. For the suggssti
which moved from their initial position, but notaessarily

in a predictable linear manner, the average nurob8mes
they were shown before accepted was 2.5. These
suggestions occupied an average of 2.0 positioms. T
compute the average number of times a “stationary”
suggestion was shown before accepted, we lookedll at
suggestions shown more than once whose initialtipasi
and position of acceptance was the same. The averag
number of times a stationary suggestion was shosfore

it was accepted decreased to 2.2. This trend iteticdoat
the more a suggestion moves in the list, the lotigeiill

take for a user to accept the suggestion.

CONCLUSION AND FUTURE WORK

Although many text prediction systems exist, thadgtof
text prediction interfaces is largely unexplored. this
paper, we study the usage patterns of query predict
interfaces to guide Ul design and to provide mstiic

%etter estimate therealized performance of a query

prediction models. When designing a Ul for query
prediction, the overarching guideline is to shownaany
suggestions in as small of a list as possible. Kegethe
length of the list constant, we can maximize thenber of
suggestions shown to the user in two ways. The firs
involves replacing the suggestions viewed threee$im
because we have found that if a suggestion is coemed
by the third time it is displayed in the list, & unlikely to

be the correct suggestion. The second, when optighinr
efficiency, is replacing suggestions that createnet
increase in key presses if accepted; users ar&elynlto
compute the cost-benefit analysis of acceptingggsstion.

We have studied the aggregate effects of showing
suggestions to the user. A more granular study atsy be
interesting; for example, to determine when theyean
inflection point in the number of suggestions shpwhere

the suggestions actually hinder performance andicesd
satisfaction. In this study, we employed cell pfondth 9-

key keypads. It will be interesting to determine #ffects

of different search mediums: do users with miniatur
QWERTY keyboards rely on suggestions less frequentl
and how does it compare to conventional computers?
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