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Does the Size of Personalized M enus Affect User Perfor mance?
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Abstract: Problem statement: To date, researchers have personalized graphseal interfaces for
individual users to reduce visual search time. ldittesearch, however, has been directed at
understanding the factors which cause approacheermnalization to have positive effects at one
time and negative ones at othefgproach: The study reported here investigated empirically t
effects of content size on 5 different personalizegtnu types: Adaptable, adaptive split,
adaptive/adaptable highlighted, adaptive/adaptableimized and mixed-initiative menus. More
specifically, it compared the usability of theseefitypes with regard to task accomplishment timg an
frequency of error-occurrence. In order to carry this comparative investigation, we conducted two
independent experiments, on small menus (17 itemd)large ones (29 items) respectively. These
were tested dependently using 30 subjects dRedults. Results showed that the adaptable type was
surprisingly the most efficient overall of the sinalenus and the least efficient of the large ones.
Conclusion: Conversely, the minimized type was the sloweghefsmall menus and the fastest of the
large ones. Finally, errors were reduced in ad#ptabd minimized small menus by 50 and 62%
respectively, whilst being increased in the lardeable one.

Key words: Adaptive, adaptable, mixed-initiative, menus, pearfance, interactive systems, usability

INTRODUCTION There are three approaches to personalization.
Adaptive interfaces dynamically change the intexfac
Interface visual complexity is increasing rapidly layout and content to each user’s needs, whiletatibp
with each new release of software, as the numbkers dnterfaces provide customization techniques which
icons, menus and toolbars grow and sizes of th@ermit users to adjust their layout and contensuit
interface formats decrease (e.g., mobile phonegsPD their needs. Mixed-initiative interfaces combinegé
This visual complexity has become recognized as @wo approaches to provide what best suits theliser
phenomenon which some researchers call creepinghese approaches differ in their control of
featurisn? and others bloatwdfé!; it creates personalization: Adaptive approaches are system
conditions where usability problems can dflsand controlled, adaptable approaches are user controlle
where user performance and satisfaction are affecteand mixed initiative approaches are both system
negatively. In response, researchers have sougkbntrolled and user controlled at the same fimén
methods to organize and control such interfaces. Bgpddition, there are differences in the techniquesy t
way of illustration, McGrenef® has suggested tend to use. For example, adaptive interfaces have
multiple interfaces as a solution to software campy. tended to use graphical or spatial techniques, or a
Other studies have focused on organizing interfages combination of both, to reduce visual search fime
using different techniques. For example, some menraphical techniques recognize items and change the
designs have used sorting techniques such agraphically, whereas spatial techniques recognich s
alphabetical order and categorical color-collnghile  items and move or copy them for easier access.
others have focused on visualizing techniques. FoAdaptive split menus, for example, move the most
example, circular menus have been developed so th&equently or recently used items to the top of the
all menu items are equally distghtAnother example mend”. A recent development is the introduction of
is the adaptive split menu for font selection inephemeral menus, which reduce search time by
Microsoft Word 2000. Alternatively, a number of presenting predicted items immediately, while
researchers have suggested personalizing interfaces remaining items gradually fade & For their part,
individual users, since they have different needsadaptable interfaces have tended to use coars@eor f
abilities and usad@. graining, or a combination of both, to reduce visua
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complexity®. Coarse-grained menu control allows adaptive alternatives as follows: (1) split intega
users to move items to the top or bottom, wherems f where important functions were copied into an extra
grained control lets them move items to specifictoolbar; (2) moving interface, where important
positions in the list. For example, such technigaes functions were moved into a toolbar and (3) visual
utilized in adaptable split menus to allow usereitmve  popout interface, where important functions were
items to the top or bottom partiti6h moved and made visually prominent. Two experiments
To date, far too little attention has been paid towere conducted. The first had 26 participants and
comparing the adaptable, adaptive and mixed-iigat investigated the impact of the different interfacesler
approaches, although there has been some delta in two adaptive algorithms (frequency Vs recency based
field of human-computer interaction as to which of The results showed little difference between the
these approaches is H8stOne side argues that users interfaces for the cognitively more complex taskiles
should be able to manage their tools easily, wthile  on the less complex one, the split and moving adapt
other believes that they need the right adaptiventerfaces were faster than the static interface.
algorithmd&®. Despite this debdfs points out that Furthermore, in terms of satisfaction, perceivedetfie
research to date has tended to focus on provingidee and perceived cost, the split and moving adaptive
of the argument, rather than understanding theofact interfaces were found most beneficial and leastlyos
making some of approaches successful in one contesind they were preferred in the more complex tasle T
and less so in another. The few exceptions include visual popout interfaces were found distractingtha
study examining the impact of screen size onless complex task, there was less support for the
performance, satisfaction and awareness in thetiadap adaptive interfaces. The second experiment was
approach®, which found that screen size affected conducted with 8 participants and compared adaptati
users’ behavior. Subjects took advantage of theccuracy (70 Vs 30%). The results showed that user
adaptive predictions more often in small screemperformance worsened as the adaptive algorithm’s
conditions compared to a large screen. It was fahatl accuracy decreased. Another between-subjects study
small screens were slower than large ones, becauséth 40 participants examined an adaptive apprdach
scrolling took time but was unnecessary with adarg command line usaff#. It compared (1) a command-
screen. In addition, adaptive accuracy had a largdine interface, (2) a menu-based interface, (3ylarid
positive effect on performance and satisfactiosrirall  interface, where participants had access to bo¢h th
screens than in large ones. The authors of anothenenus and the command line and (4) an adaptive
empirical stud$? compared their own results with interface, where the system moved users from the
those of other relevant studfe$*® and suggested a menus to the command line. It was found that the
number of vital factors that could affect the sescef  adaptive interface was significantly faster thagé tion-
an adaptive interface. These included spatial létgbi adaptive, hybrid approach. Another study compaled t
accuracy and frequency of adaptation, frequency operformance of adaptive and static méhlsin a
interaction with the interface and the complexifyttee  controlled experiment, 26 subjects were asked docke
tasks and of the interface itself. for names in a telephone directory accessible titrau
The primary contribution of this study is to prdei  hierarchy of menus and this was tested againsita st
empirical comparison concerning the effect of menusystem. Subjects performed faster with the adaptive
size on the performance of personalized menus. Morsystem, which 69% of them preferred. In addition,
specifically, it measures the effect of sifdllVs  results showed that the adaptive system reduced the
larg®!! menu size on the performance of adaptive (splisearch paths for repeated names, reduced time per
menu and both highlighted and minimized menus irselection by 35% and reduced errors per menu by. 40%
block (1), adaptable (adaptable and both highlighte Trevellyan and Browrd®' replicated this experiment
and minimized menus in block (2) and mixed-initiati  with a larger number of trials because they betietbhat
menus. subjects would eventually become familiar with the
static menu and memorize the required sequence of
Previous work: Many researchers have sought tokey-presses. They found that the adaptive system wa
reduce menu selection time by making recently ancffective and that after using it for a long perafdime
frequently selected items easier to choose. Armsers did begin to perform better with the static
examination of the current research on persona@izat interface. Another study compared an adaptive menu
reveals contradictory findings, including in direct with a static one. In a controlled experiment,\sittree
comparisons of adaptive and static approaches. Faubjects were requested randomly to complete 24 tas
example, a static interface was compared to threasing both menus. The results showed that thecstati
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menu was faster than the adaptive menu on the firgtdaptive menu when participants were guided by
group of tasks, while there was no difference ia th example, because they were able to understand the
second group of tasks between the static and dynamvalue of customization. In addition, results showleat
menus, because subjects in both groups were able o these circumstances there was no significant
increase their performance significantly. Eightyeon difference between the adaptable and static menus.
percent of the subjects preferred the static to th&levertheless, 55% of subjects preferred the adkEptab
adaptive meritf’. More recently, a study examined a menu, 30% the adaptive and 15% the static. In @noth
new adaptive technique called ephemeral adaptatiotaboratory experiment with 18 participants, Jameson
Ephemeral menus present predicted items immedjateland  Schwarzkopf directly compared automatic
while remaining items gradually fadel®in These new recommendations controlled updating of suggestions
techniques were examined with static and highlighte and a condition where no recommendations were
adaptive menus. The results showed that ephemeralailable. The comparison was concerned with canten
menus were faster and preferred over the statitralon rather than the graphical user interface. In theraatic
condition when adaptive accuracy was high and neecommendation (i.e., adaptive) system, the updatin
slower when adaptive accuracy was low. In additionwas performed automatically by the system, while in
ephemeral menus were faster than highlighted agapti the (adaptable) system using controlled updating of
menus, while both were preferred to static menus. recommendations, it was done by users and in ih# th
Direct comparisons of adaptive and adaptabldstatic) system, no recommendations were provided t
approaches have also had conflicting results. Fousers and the system did not change during usage.
example, a 6 week field study with 20 participantsJameson and Schwarzkopf found no differences in
evaluated two interfaces combined with adaptiveusen performance score among the three conditions.
in the commercial word processor MSWord 2000. Most studies in the field of personalization have
These were a personalized interface containingetbsi been limited to the differences and similaritiesoam
features only and a default interface with all thethe static, adaptive and adaptable approaches.
features. During the first four weeks of the studyConsequently, there has been a small amount of
participants used the adaptable interface, thed tree  research into mixed-initiative interfaces, incluglim
adaptive interface for the remaining time. It waarfd ~ Study which compared an adaptive bar (mixed-imtat
that 65% of them preferred the adaptable interfa6es system) with the built-in toolbar present in MSWord
favored the adaptive interface and the remaining 20 _(a_d_aptable syster_lﬁﬁl._ .Th's f_ound that the mixed-
chose the MSWord 2000 interface. However, accordin itiative system S|_gn|f|cantly improved performanon
to'7], there were two potentially confusing variables.2"® Of two[lglzxper!mental tasks. In another study
First, MSWord 2000 and the proposed interfaces ha&”mt.et al.”” designed and implemented the Mixed-
very different designs, which may have differedhair hitiative C.ustomlza_t|on Assistance .(.M|CA) system,
- - which provided subjects with the ability to custami
usability. Second, all participants completed the

dapti diti fter the ad bl i | their interfaces according to their needs, whilsoal
adaptive condition after the a %]pta e conditiom. | qviding them with system-controlled adaptive
another study, McGreneret al.” carried out a

. . - support. They found that users preferred mixed-
controlled laboratory experiment with 27 particif@to  jnitiative support and that the MICA system’s

compare the efficiency of three of the Sears andecommendations improved time on tasks and
Schneidermat?! split menus. The first of these was a decreased customization time. Another study congbare
static split menu, the second an adaptable splitume directly the static, adaptive, adaptable and mixed-
where the top half was adaptable by the user aed thnitiative approaches to determine which was bast i
third an adaptive split menu, where the system woulterms of efficienc?”, effectivenedd! and user
dynamically assign the top half based on frequermey  satisfactiof? in e-commerce. It was found that
recency of selection. The experiments found nosubjects were faster in the mixed-initiative applga
interactive effect between order and menu. On thero followed by the adaptable and adaptive conditimsy
hand, the comparison was complicated, accordiﬁa,to were slowest in the static condition. Furthermore,
because performance depended on menu order argbjects in the mixed-initiative made fewer errtivan
Subjects were exposed to the three COﬂditiOﬂS(,)lﬂ@hl those in the Othe_r Conditiqns. The hlghest number o
when they were not presented with the adaptabl&rfors was made in the static approach.

interface they were significantly faster with the o . ]
adaptive or static ones. The findings were thait spl Conditions: Figure 1 shows the layout in the
static menus were significantly faster than adaptiv €xPeriment and Fig. 2 shows the layout of the menu
menus. The adaptable menu was faster than thgonditions.

939



J. Computer Sci., 5 (12): 937-947, 2009

Frut
Cranberry
Comanut
Avocado
Fruit
Grapes -
Cranbery
Cantaloups
Avocado Hame
Manga
Grapes "
Lemon W Select Tasks Name:  [Khaid dlomar
Raspherry Please select:
Raspherry
Guava
Strawberry Menu Selection
Strauberry Apple
Papays St © ReadyMealMenu () v getables Meru
i Cheny @ Fu Merw O Frozenbenu
sapei -
Pineapple © Dinks Meru
Nectaring:
Orange
cherny ;
Apricot ‘
Pear
Py
Peapple
WaterMelon
Dates
ini
Orange
Bananas
Bl berry
Melor
Apricot
Apple
Peach
Jujbe
WaterMelon
Sukanas
i
Bananas
Helon
Anole
Gooseberry
Ei

Fig.1: Screen layout in the experiment

@ a ) Recently b c

&) Frequently

Re:
= Ready. Meals
Cranberry Surger, Water Lettuce
Pasta
avocado S e Mushrooms
& iryani
Salmon Leomds Okta
Cuiry Red bul Onions.
Raspberry
Chicksn Copprho
Strawberry Taomatoes
Spaghetti ey
Grapefrut Potato o Cucurber
o
Chey Rice Espresso Broccoli
Eabals Fanta —
Domge THs ucchini
Crapeint o
o Baef atlic
ek Pepst
Peach Fries i Parsley
et
WaterMelon Mrands Cabbage
s Fish
Lasaina Cola I Aubergine
Bananas o fes cream
Masala T Peppers
Mslon b PR
Diet Cola
Apple Rice LG Calamari A
Pineapple Muggets Manga juice Sausages Sweetcorm
Dates Shrimps Sprite Chesse caks ¥
Drange Kebab Cappuccing Peas Frocket
Blug berry Steak Milke Ditigchs: Peppers
Apricat Tikka Peach juice Sweet corn Bhiia
Peach Beef Soda water Pastry Kale
Jujube Mized gril Wimto Tart Papiley
WaterMelon Fties Espresso Smoked fish Heas
Sultanas Tuna Water Waffles Aubergine
i Mest Tango Tuna steak Cabhags
FBananas Fish Pepsi Dessorty Eqaq plant
Melon Lasajna Cofee Pizza Teeberg
Apple Masals Cola Ice cream e
Gooseberry Soup Squash Fudge s

Fig. 2: (a) Adaptive highlight menu (b) mixed-iaitive menu (c) adaptive split menu (d) adaptableurad (e)
adaptive/adaptable menu (minimized and hide unosstl items)

940



J. Computer Sci., 5 (12): 937-947, 2009

Menu size: The large menu was a full length menuthe menu. In the mixed-initiative menu, the techeiq
displayed on a large screen. The large menu catain was to display the recently or frequently used gdm
29 items, of which 14 were included in the experiine subjects at the appropriate time. The recentlycsede
tasks. The small menu contained 17 items, of whi€h items were displayed at the top of the menu whén th
were included in the experiment tasks. The smahune feature was selected by clicking on a button labele
was the size of many menus that are commonly use@Recently’, while the frequently selected items wer
and was the minimum length that would allow the sam displayed when the ‘Frequently’ button was selected
number of items (14) to be included in the task$éoas Both techniques boldfaced the recently or freqyentl
the large one. In addition, it was approximatelif tee  selected items and moved them to the top. Subjects
length of the larger menu. If there were differmdults were able to choose only one technique at a time bu
between this menu size and large menus, it wasould switch from one to another at any time dutimg
expected that smaller ones would give better result  experiment. It was the subjects’ responsibilitgbmose
the appropriate technique. Figure 1 illustrates Bhe
Menu type: Five different menu conditions were tested menu types tested in experiments 1 and 2.
in each of two experiments (on small and large ragnu
Adaptable, adaptive  split, adaptive/adaptableDesign: A two-factor mixed design was utilized: Menu
highlighted, adaptive/adaptable minimized and mixed size (small Vs large) was tested between subjettie
initiative menus. The aim was to understand subject menu type (adaptable, adaptive split, adaptiveadbég
behavior under the adaptive, adaptable and mixedaighlighted, adaptive/adaptable minimized and mixed
initiative conditions and how it varied with menizes  initiative) was compared within subjects.
in other words, to explore the impact of size oesth
five menu conditions. Within the adaptive approabke, Subjects. A total of 60 graduate or undergraduate
chosen techniques were split, highlighted andstudents voluntarily participated, 30 each on $iavad
minimized menus, because their use is commonlyarge menu designs. These were split 16/14 and119/1
reported in the literature with successful results. respectively between males and females. The ages of
In the adaptable condition, subjects could modifysubjects in both experiments ranged from 18-44/ewhi
the order of items by moving them up or down. Thistheir average computer usage exceeded 12 h'week
occurred after the first session of the experim@ both experiments, each su.bject was randomly agsigne
selections). The adaptive split menu was dividediry (0 One 0f 5 groups of 6 subjects, each of whiclovetd
horizontal lines into three sections. The top secti the5exper|ment_al menu conditions in a.d'ﬁerm'
comprised the two most frequently selected iterns, t ShUbJECtS were gr|1ven oner ecor((jj_ed tutorial accorttng
second section the two most recently selected itards the experiment they participated in.
the bottom section the others. The menu softwar ) . .
counted how many times each item had been used | pparatus. In (;:)othl exgenmgnts M"’.m ap])cf)llcva_tmnl
the 50 most recent selections and updated theftist Eg)sgi(r:alilnet WaF;Sersoer:/aﬁ Opceom l:;?g]rg wli(t:r:OS%enﬁ\}fr:Ja
each selection. In the adaptive/adaptable higtdight 5 G.Hz .rocessors and 17 Fi)nch monitors were used i
menu, the most frequently selected items wer He ex er?ment
boldfaced, while the others were not. After thetfts0- P ’
selection session of the experiment, subjects coulﬁ"\i/Ien
modify the order of items by moving them up or down
In the adaptive/adaptable minimized menu, the sofw

u labels: In the small menu experiment, 85
different nouns from five label categories (17 noum

dh ) hi had b ach category) were used as labels of the mens,item
counted how many times each item had Deen Usefiia for the large menus, there were 145 different

moving frequently selected items to the top of lis® 5 ng from the five label categories (29 in each
a_md separating th_em from other items by a honztontacategory)_ The categories in both cases were vielgsta
line. The top section was extendable and kept st m frjts, drinks, frozen food and ready meals. Nouns

frequently selected items separate from the bottomhorter than four or longer than eleven characten
section. When the user wanted to modify and custemi excluded, while no more than four nouns in any

the menu, it would be divided by two horizontalein  category had the same initial letter. The categame
into three sections: The top one held the two mosivas shown in the title bar at the top of the menu.
frequently selected items, the second comprisedinbe

most recently selected items, while the bottomisect Experimental design: Each of the two experiments
contained the others and was hidden. Users coeld vi followed a within-subjects design and was planned t
the hidden items by clicking a small arrow at the ef  fit into alh session. Subjects wererimfed that
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Table 1: Selection frequency of small and large urieems and their  second target item appeared once the target itein ha

_distribution — — been selected. When a subject selected the citeatt

Distribution Distribution Distribution o meny was disabled for 1 s before the next item.
ltem Small Large Iltem Small Large Item Large Time between the presentation of the target iteh an
1 0 0 11 2 4 21 2 the correct selection was recorded, as well as the
2 0 © 12 4 6 22 4 number of errors (incorrect selections). In thepaalale
s 4 0 13 10 0 23 0 and adaptive/adaptable minimized menus, subjeats we
. 3 0 11 0 24 8 told that they could change the positions of tkeng if
5 0 6 15 2 0 25 0 y cou 9 posili 8 1
6 4 8 16 20 8 26 10 they wanted to do so after the first block. In &iddi
7 o 4 17 8 0 27 12 the time required by each subject to customize the
8 10 6 18 - 4 28 6 adaptable menu was recorded. In block 2, item
9 4 0 19 10 29 2 . .
0 12 0 20 0 ] positions remained as they were at the end of block

The primary reason for this was to measure thectsffe
of the changes made in block 1, while subjects
performed differently. In other words, if subjedtad
begun block 2 from the same point that they hadibeg

to block 1. Between the two blocks, subjects wevery ~ P10Ck 1, the result would not have been expected to
change. On the other hand, menu design remaingéd as

a 2 min break. For the adaptable condition, subject X I
were allowed to take extra time during the break tgVaS: 10 unify menu conditions across all blocksr Fo

customize their menus if they wished to do so. s example, in highlighted and mixed-initiative merthe
their only opportunity to customize. highlighted items would fade away. Finally, a feack

questionnaire was used to rank the menu conditions,

Selection frequency: Table 1 shows the distribution of 2SS€SS subjects’ satisfaction and to record any
the selection frequencies used in the two experisnen additional comments.

The numbers in the first, fourth and seventh rofuhe

table indicate the vertical position of an itemnasnber RESULTS

of places from the top. The second and fifth rohevws ) ) ) )

how many times an item would occur in 100 selestion  The aim of this study is to combine the two
for the small menu, while the third, sixth and efgh result§*** to examine the affects of menu size on user
rows show how many times an item would occur in 10gerformance.

selections for the large menu. The distributions fo

small and large menus were adapted from the litezat Selection time: A 2x5 (screen size x menu conditions)
with some modificatiof!. repeated measures ANOVA was performed. Mauchly’'s

test indicated that the assumption of sphericity leen

Procedure: First, subjects were randomly assigned toviolated  for the main effects ohetmenus
different orders of conditions depending on thesoraf ~ (X“(2) = 16.98, p<0.05) and for the interaction betwee

arrival, then a questionnaire was used to obtaifn€nu type and size () = 25.47, p<0.05). Therefore,
information on user demographics, education andi€grees of freedom were corrected using Greenhouse-
computer experience. Before starting each mem@ﬁesierfesnmates chj Sé’g:elr'?'tytﬂz = 0.86 ff(?r tthmmh
condition, subjects were given a recorded tutofiial. etiect of menus and ©. or the main effect of the
the experiment, the subjects performed the fivdnieraction between menu type and size). All effect
' were reported as significant at p<0.05. There was a

cond|t_|ons in-a prede_t(.armlned °Fder given by thesignificant main effect of menu type on ratingstioé
experimenter. A condition comprised of two task

blocks, each of which contained 50 selectionsmenUS: F(3.43, 202.52) = 3.34. Comparisons revealed

, that adaptable menus were faster than adaptivé spli
Therefore, each subject performed a total of 50Qanus: F(1,59) = 5.41, r = 0.29. No other sigaific

selections. First, subjects were asked to choose thyiferences were found when comparing minimized
menu condition according to the order given by themenus to the baseline (adaptable) (F(1559)3,
experimenter. The first task block began when thg = 0.11), highlighted menus to adaptablg 69)
subjects clicked the ‘Start’ button. Next, a targetn = (.16, r = 0.05) or mixed-initiative menus to atddye
was displayed on the screen and subjects werel éske (F(1,59) = 2.01, r = 0.18). In addition, there was
select the same item from the pull-down menu asignificant main effect of size on menu ratings1(B(
quickly and accurately as possible. If the wrorgmit 59.0) = 13.107) and a significant interaction effec
was clicked a cross symbol appeared on the scfden. between menu type and size (F(17583.11).

942

the menu conditions were divided into two blocks,
where block 1 consisted of a 50 item sequencettmbec
and block 2 consisted of the identical 50 item sege



J. Computer Sci., 5 (12): 937-947, 2009

—+—Large —m— Small - 100

—+—Large —=— Small

TRS196 6130 [ 5o

F30
F20
10
T T T 0

Mixed- Adaptable Adaptive Highlighted Minimized
initiative split

Mean selectiontimes (scc)

"
L]

Mean sclection Limes (scc)
oy
(=]

Mixed- Adaptable Adaptive Highlighted Minimized
initiative split

. : . Fig. 5: Mean overall selection times
Fig. 3: Mean selection times for small and large 9

menus, block 1 adaptable approach than all other approaches, adere

the best approach for the large menus in block 8 wa
the adaptive minimized approach, which was
considerably faster than other approaches (42.21 se
In addition, the adaptive split menu was the slawes
approach in large menus, with (59.91 sec), whei@as
small menus this was the second least efficient
condition (56.36 sec). In block 1 of the large menu
experiment, the adaptable approach was the least
efficient (83.24 sec). By contrast, this approaas the

—+—Large —#- Small F 100
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%
(=]
Meun selection Limes (sec)

10 most efficient in small menus (only 55.57 sec). For
o ' T 10 large menus, the split approach was the most effici
Mixed-  Adaptable Adaptive Highlighted Minimized .
initiative split (74.19 sec), whereas for small menus this was the

second least efficient condition (61.91 sec), the

Fig. 4: Mean selection times for small and largeminimized approach being the least efficient. Oa th
menus, block 2 other hand, in block 2, the adaptable condition thas
most efficient approach to small menus, but theséc

This indicates that size had different effects onleast efficient condition in large menus (57.01)sec
participants’ performance depending on which type owhile the split menu was the least efficient (39s@c).

menu was used. To break down this interaction, allfhere was no significant difference in efficiency

menu types were compared to the baseline (adaptabjgtween the adaptive split and mixed-initiative
menu) and both sizes to the baseline (small). Thiggngitions in either small or large menus. Furtheen
re_vealed significant interactiqn_s when comparin@®m i, piock 2 of the large menu experiment, the miaieai
with large menus for minimized (F(1,59) &2, approach was surprisingly the most efficient cdodit

r = 0.64), highlighted (F(1,59) = 7.94, r = 0.34plit . ,
(F(1,59) = 22.81, r = 0.52) and mixed-initiative ms gngrinr?grﬁ than its counterpart in the small menu

(F(1,59) = 28.47, r=0.57), against the baselirenun Figure 5 depicts the overall results for both ngenu

(adaptable). )
Figure 3 and 4 shows that when using small menu@"d Shows that some approaches behaved in the

in block 1, subjects were significantly faster untiee ~ OPPOSite way to others. By way of illustration, the
adaptable approach than all other menus, wheréas tfRdaptable approach was the most efficient in small
approach was the slowest for large menus. The meapt Menus, but the slowest one in large menus, whie th
split approach was significantly slower than bothOPPOsite was true of the minimized approach, which
adaptable and adaptive highlighted approaches &l sm Was the most efficient in large menus and the ssbwe
menus, but considerably faster than all otherdefaye ~ small menus. Interestingly, there was no significan
menus. In block 2 of the small menu experimentdifference in this approach for the mean overall
subjects were again significantly faster whemgshe  selection times between large and small menus.
943
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Table 2: Frequency of user errors Table 3: Approaches utilized in each block

Small Large Approach
Menu
Block 1 2 1 2 Sum Menu Block 1 Block 2
Mixed-initiative 14 15 15 16 60 Highlighted Adaptive Adaptable
Split 11 17 13 11 52 Adaptable Traditional Adaptable
Highlight 19 12 11 10 52 Minimized Adaptive Adaptable
Adaptable 16 8 13 21 58 Mixed-initiative Mixed-initiative
Minimized 16 16 15 7 54 Split Adaptive
Total 76 68 67 65 276

frequency is taken into account. These drawbaocksise
Error rate: Table 2 shows the total number of errorsto limit the effectiveness of both menu types. dnge
for all subjects for each menu condition. An em@s  menus, the results show that the adaptive splitumen
recorded when a subject clicked an item that wasvas the fastest in block 1, although it was suipgly
different from the target. Each cell contains thunber the slowest in block 2. This leads us to concluus t
of errors the subjects made in 3000 selections (5Qsing adaptation as a regular technique might rstrai
selections< 2 blocksx 30 subjects) in each condition. It subjects. This finding is in agreement with thaBefrs
can be seen that customization helped to reduced ttand Shneiderm&r¥, who report that the adaptive split
number of errors in the adaptable small menu an@nenu was faster than the adaptable one. Althouggeth
minimized large menu, whilst it increased betweenresults also differ from some published stulfiethey
blocks 1 and 2 in the adaptable large menu. Thigre consistent with the finding that adaptable rsenu
increase is can be explained by the fact that thevere more efficient than adaptive ones. In addjtien
additional content of the large menu caused coofusi different from the small menu resifits Importantly,
In small menus, 50% of the errors were eliminated i some menus utilized different approaches from one
block 2 in the adaptable approach, while improvemenblock to the other. For example, the adaptable menu
was slightly less marked for the highlighted mefibe  employed the traditional approach in block 1, as
mixed-initiative approach differed from all othems  subjects did not adapt it until the second block.
that the number of errors remained largely constant ~ Similarly, the highlighted and minimized menus

both blocks and both menu sizes. utilized adaptive techniques in block 1 and addptab
ones in block 2. The difference here is that in
DISCUSSION highlighted menus, item positions remain the same,

while in minimized ones they change. As for the enlix

The aim of this study is to compare the threeinitiative and adaptive split menus, these maimdithe
personalization approaches: Adaptive, adaptable angame approach in both blocks. Present study isrdift
mixed-initiative. For small menus, the results sitbat  from others because our comparison involved a
the adaptable menu was the fastest in  both kbloc combination of different approaches (Table 3).
(Fig. 3 and 4), from which we may conclude that The traditional approach in block 1 was based on
adaptable menus are more efficient than adapties.on users memorizing item positions; as pointed ol by
A possible explanation for this is that the sizetld  takes time to memorize the position of all the ieand
menu helps subjects to remember the position ofste even when the position of frequently used items is
This can be confirmed by the observation that som&nown, the menu does not provide any support.
subjects preferred not to customize the adaptablelowever, the results for this approach varied atiogr
menus. This finding is in agreement with those ofto menu size: It was the fastest condition for $mal
Findlater and McGrenéfe and of Parket al.”®! who  menus but the slowest for large ones. This confilras
report that adaptable menus were more efficient thathe traditional approach is efficient for small merbut
adaptive ones. Although these results differ frame less so as content increases. In block 2, subjeets
published studiés’, they are consistent with the able to customize the menu by reordering the items
finding that an adaptive split menu was faster than putting frequently used ones at the top of the. list
highlighted one. In addition, is different from tlklege = However, they still had to memorize the positioris o
menu resul&’. Moreover, in mixed-initiative menus, items in order to customize the menu. Again, this
there were two reasons for subjects’ uncertainigst,F approach was the fastest for small menus, while for
the mixed-initiative menu repeatedly updates thent  large ones it was found to be the second slowest.
in the recently-used list. The second reason i$ tha
subjects need to choose to display either the tigcen  Highlighted menus: The highlighted approach
frequently-used items. By contrast, in the minirdize required less memorizing of item positions, sinke t
menu the recency technique is neglected and thdy menus provided support by highlighting the positign
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frequently used items. The results show that becauson an up or down arrow placed above the menu. They
the frequently used items were already known inlsmawere told how to customize and provided with help
highlighted menus, subjects took slightly less tithe when needed, since we were interested in the sestilt
customize the menu: An average of 8.59 min, contbarecustomization, not the way in which it was done.
to 8.89 min for adaptable menus. The difference waslowever, subjects utilized different criteria fodering
much greater with large menus: An average of 5.2 m the menu items. The most common approaches were
compared to 11.67 min for the adaptable conditionfrequency-based and alphabetical ordering. Thisdid
However, the highlighted small menu had no sigaific  prevent some subjects from using their own criteéf@
advantage over the adaptable menu in either blomk 1 example, one subject moved the items near thedop t
2 in terms of the selection time. This means that nthe top of the list and items near the bottom te th
such advantage is obtained by highlighting fredlyent bottom of the list. However, one of the main ohjexg
selected items, whereas highlighted large menusahad of this study was to investigate the effect of etiént
advantage over adaptable menus in both blocks. levels of adaptability. Therefore, we conductetlimck
2 a comparison of three adaptable menus preseritied w
Adaptive split menus: The large adaptive split menu different types of adaptability: (1) help not prded
was faster than other conditions in block 1, buswa (that is, adaptable menu), (2) assistance proviaded
surprisingly the slowest in block 2. A possible highlighting the frequently clicked items (that is,
explanation for this is that the size of the seiglarea  highlighted menu) and (3) recommendation providgd b
affects subjects’ behavior, since in block 1 sutsidéad  moving frequently clicked items to the top of thst,
to consider the whole menu, whereas in block 2 thdollowed by a horizontal line separating the retent
frequently clicked items moved to the top of ttet ind  clicked items and hiding the others (that is, miaid
subjects neglected the bottom of the menu. Thisbean menu). In the small menu experiment, the resultshie
confirmed by observation and interviewing subjectsadaptable menu show that it was more efficient than
after the experiment. In addition, the resultstftck 1 both the highlighted and minimized menus in block 2
show that the small adaptive split menu was veswsl In addition, the highlighted and minimized menugeave
This result is consistent with those of Findlateda approximately the same in block 2. It is difficuti
McGrener&®, who report that accessing menu items orexplain this result, but it may be related to taet fthat
a small screen was slower than on a large scrd@a. T when asked in the interview, subjects said thay fhé
may also be the case for searching for items imalls in more control when using the adaptable menu than
area compared to a large one. either the highlighted or minimized ones. For large
menus, the minimized type was found to be more
Adaptive minimized menus: In the minimized menu efficient than both highlighted and adaptable menus
the recency technique was neglected and only the The results show that subjects behaved differently
frequency was taken into account. Unfortunatelys th towards highlighted and adaptable menus according t
design caused subjects to obtain the benefit of théheir size; for example, they customized large nsenu
frequently used items only, which seems to havdess than small ones. In addition, subjects who
limited the effectiveness of this menu. Therefore,customized adaptable menus spent more time on large
further work needs to be done to establish whethethan small ones, while those who customized
utilizing the recency and frequency techniques woul highlighted menus spent less time on large thanlsma
be more beneficial. ones. These results may be explained by the fatt th
highlighting some of the items of a small menu nsake
Mixed-initiative menus:. In mixed-initiative menus look visually more complex than highlighting thevsa
there were two reasons for uncertainty among stsjec number in a larger one. It was also found that utide
First, this type of menu repeatedly updates thesten  mixed-initiative condition, subjects utilized the
the recently-used list; secondly, subjects musbshdo frequency and recency techniques more in large than
display either recently or frequently-used itemhe§e small menus, with respective totals of 120 and 94
drawbacks seem to limit the effectiveness of thisyum  selections made by subjects.
type. There is therefore a definite need to showh bo
recently and frequently used items, while avoidingAdaptation by the system: A second objective was to
repeated updates of the items. investigate the effect of different levels of adsdjon.
Therefore, we conducted a comparison of three
Adaptation by users: Subject could easily move items adaptive menus in block 1 presented with different
up and down by clicking on the required item anehth types of adaptation: (1) changes occurring without
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moving items (that is, highlighted menu), (2) ches,g 4.

made by moving recently and frequently clicked gem

to the top of the list and leaving the others ungeal

(that is, split menu) and (3) changes made by ngpvin

only frequently clicked items to the top of thet lend

leaving the others unchanged (that is, minimizeds.

menu). On one hand, the results for the adaptiveusie
in small conditions show that highlighting
frequently clicked
changing both the recently and frequently clickiednis
or solely the frequently clicked items. This resuiay
be explained by the fact that subjects preferrauefe

the
items was more efficient than

6.

changes to occur. On the other hand, the resutts fo

adaptive menus showed that changing both the dgcent
and frequently clicked items was more efficientrntha

just changing or highlighting the frequently clicke
items.

CONCLUSION

The study reported in this study provides empirica

evidence that adaptive, adaptable and mixed-ini&at

7.

menus have varied impacts depending on menu size. |

addition,
behavior: Subjects were more likely to customizelsm

it shows that menu size affects users’

menus than large ones. In conclusion, this study ha™

thrown up many questions

drawbacks of each condition and then to find ouictvh

condition is most usable. It would also be useful t

in need of further
investigation, such as whether we could mitigate th

investigate the factors making some of them more

successful in one context than another. Therefooee

research needs to be undertaken on this topic t
different”

understand  these from

perspectives.

approaches
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