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Abstract. What is the relationship between memorizationnddrimation and
the behavior used to retrieve that information?r&gag for photos stored on a
media is a common activity. Chances are that iaieg to find some types of
photos than others. To determine the reason fer ¢e conducted a user study
to clarify the mechanisms people use to retrief@rination. We found that the
operational patterns differed with the degree ofmmezation and the types of
target photos. In particular, we found that theralleelative positions of target
contents and/or the order of the arrangement affeemorization. The
difference in operational patterns can be integutets a difference in retrieval
strategies. These findings should contribute to ftelel of computer-human
interactions, enabling the mechanisms used tcexetrinformation to be better
understood. This understanding should lead tofates that can dynamically
and appropriately assess user intentions and isitigat
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1 Introduction

Due to the rapid progress in information technasgiwe live in a society where we
can enjoy a rich variety of digital information. Wever, the complexity of the
interfaces between digital information and potdntisers has increased, and
accessibility to the information they require ha&seib reduced. Even though a great
deal of research on user interfaces has been dmdemany excellent results have
thus far been obtained, there have not been thay reudies on the mechanisms
people use to retrieve information. If we could ersiand them more clearly, novel
and instinctive user interfaces based on these amésins could be attained.

In our user study, we focused on scrolling becdhiseis one of the basic methods
for retrieving digital information, and investigdtehow the degree of human
memorization and the features of the targeted mnédion affect the scrolling
operation. For example, someone searching for aritavphoto in a folder may be
able to find it immediately without straying because/she remembers the folder’s
contents and the photo’s whereabouts well. In esttrsomeone searching for a
friend’s favorite photo in an unfamiliar folder Wiikely take longer to find it and
may stray in the information space. This illustsatigat the scrolling pattern used may
be affected by the target information. We askedpiinicipants to retrieve photos by
scrolling, and we measured the time it took to fthé target photo, recorded the
identification numbers of the photos viewed (therédling position”) for every time



unit, and derived the velocity from the changepasition. We also asked them to
complete a questionnaire that enabled us to estimatv well they remembered the
target photos, not only their features but alsdr fhesition in the arrangement.

The rest of this paper is organized as follows.eAtbriefly introducing related
work, we describe the motivating hypothesis in BecB. Then we describe the user
study we conducted in Section 4, and present sdntBeoresults in Section 5. In
Section 6 we discuss the results, and finally desayur conclusion.

2 Related Work

Several cognitive psychological studies have irigagtd how people use Web
browsers and their information-retrieval behavi@r$,6,7,15,16]. These have shown
that a user’s retrieval behavior is driven in gartthe way information is presented.
That is, the user interface design affects thdenadt behavior. The results of these
studies have been used to develop tools for degjgid evaluating Web pages, and
techniques to improve browsing or searching contiehtinformation [14,17].

People are generally good at retrieving thingsest@patially. Several groups have
conducted studies aimed at organizing digital dattially like we do in the physical
world [1]. One approach has been to reproduce thengement of objects on a
physical desk on the computer. Stacks of files aranged at spatially different
positions on a desktop-like GUI as groups of infation.

An investigation of the relationship between sdénglldistance and the required
precision of scrolling [8] revealed that Fitts’ Lamodels the scrolling behaviors well,
though it is usually used to evaluate the perfomeanf pointing devices. This
investigation of how conventional scrolling techunég are actually used resulted in a
paradigm that can be used for designing new retri@echniques.

Various methods have been proposed for the sogobiperation. Igarashi et al.
proposed a scrolling technique for browsing a laag®unt of content using a zoom
function [9]. The pseudo speed of scrolling is kemtstant by automatically zooming
in and out in accordance with the speed of operafithis technique utilizes the
scrolling speed to dynamically change the conteesgntation. However, it does not
take the relationship between the types of congemd scrolling operation into
consideration.

Appert et al. proposed a technique for automaticatljusting the zoom level in
accordance with the user’s operation, not the djperaspeed. Their OrthoZoom
Scroller [2] controls the zoom level by moving thpminter in the direction
perpendicular to the scrolling direction. As thanper approaches the scrollbar, the
contents are presented with lower precision, anh@gointer moves away from the
scroll bar, the contents are presented in higheeigion.

Kumar et al. proposed using eye gaze to controllsay [12]. They focused on the
finding that scrolling is strongly coupled with @ar's ability to catch information
using his/her eyes. For example, the placementdafcament being read on a screen
can be maintained even when the page up or page Bewis pressed by detecting
the eye-gaze point and using it to limit the sdnglledge.

For supporting user operations, some studies haggested using the users’
operation tendencies to deduce their intentionandset al. used the direction and



peak speed of pointer movement to deduce the targeautomatically scroll to it [3].
Kobayashi et al. proposed a technique for operatingascaded menu [11]. The
direction of pointer movement is mapped to thediom of the cascaded-menu items,
and the user does not have to actually point tibeaimto open it. Ishak et al. described
a scrolling method that depends on the contentacheristics [10]. The speed of
scrolling and zooming automatically changes in atance with the context of the
content. For example, if a document with two colsnis being read, the scrolling
operation is supported by a function for automdigamping from the bottom of the
left column to the top of the right column.

Improving the scrollbar has been another topicntériest regarding scrolling. In
one study, a rubber band metaphor was used toatdht scroll speed [13]. The
speed changed with the distance between the pantiithe scrollbar slider. When
the user drags the slider, the speed of scrolirthe same as that of the slider. When
the user drags somewhere else in the scrollbar #reaspeed of scrolling is higher
the greater the distance between the mouse pantethe slider. This enables more
precise pointing to the desired contents becauwseltser the target content comes to
the screen, the lower the scrolling speed.

Most previous studies focused on the functions esigh of the user interface
itself, not on the effect the target contents hasising the interface. In this study, we
focused on how the contents affect a person’s fism dnterface. We attempted to
clarify the mechanisms people use to retrieve médion and explored the possibility
of using them as a basis for novel computer-humseraction techniques.

3 Hypothesis

In this study, we investigated the relationshipaieetn memory and retrieval behavior
by conducting a user study in which users retrieaeget photos using scrolling. The
scrolling speed was controlled by the user and medsconstant during the retrieval
process. The identification numbers on the photwslled through were recorded,
and the number of photos scrolled through per timewas used as a measure of the
scrolling speed. The speed varied with the opeargiattern, for example, how long
keys were pressed or the speed at which the skidermoved. We hypothesized that
the shape of the scrolling pattern (Fig. 1) depemushe user's memorization of the
target contents and that the patterns can be aatedan the basis of their shapes.
The time it takes to find a target photo in a folded the psychological load are
affected by how well the searcher remembers thdéeotsm of the folder and their
order. This means that the scrolling patterns fell-memorized photos should differ
from those for poorly memorized ones. The memanratan be affected by both the
features of the contents, that is, the contentsnsleéves and their overall relative
positions. Though a computer cannot directly caltaulthe degree of a person’s
memorization, there is a relationship between tbgree of memorization and the
features of the contents that a computer can edkulThere are characteristic
differences between photos that tend to be well anezed and those that are not. A
series of photos with the same theme taken onyn#zel same date or at the same
time can usually be easily distinguished in a foldé photos. Photos with strong
features such as tone or composition can also lysb@leasily distinguished. Thus,



we categorized the target photos into three typeforb conducting the user
experiment; ‘“series,” “impressive,” and “featuredgs We investigated the
relationship between photo type and ease of meat@iz and between photo type
and operation pattern.

Position (content ID)

Slow time

Fig. 1. Example plot of scroll track.

4  User Study

The participants were asked to find a target plfimm among 200 photos using two
types of operation.

» Operation 1: Use only left and right arrow keyskeyboard to scroll.
* Operation 2: Use only mouse movements to draglbaraslider.

Eight people (two women and six men, 25 to 42 yelts familiar with computer
operation participated. Photo browsing software meson a desktop PC with a 24-
inch display (Fig. 2 (a)). The photos were presgriteone dimension horizontally
across the middle line of the display. A fixed aure/as presented at the center of the
display, and three photos were shown at once. @lget photo was shown in the
upper-center area. The participants scrolled thiotlge photos by dragging the
scrollbar slider using the mouse in operation Z2yTtould also scroll by pressing the
left and right arrow keys on the keyboard (in otieral), and the slider moved in
accordance with how the keys were operated. Theeee wive steps in the
experimental process.

1. We gave the participants (one at time) 3 min to orée the features of a total
of 200 photos and their order.

2. The participant pressed the Enter key to startch@@y. The target photo was
displayed, and the timer started. The participanblied by pressing keys (in
operation 1) or dragging the scrollbar slider (re@tion 2) to find the target.

3. The participant pressed the Enter key again whenafget photo was apparently
found in the fixed cursor. If the photo was thegar one, the task was
accomplished and the timer stopped. If not, a beap sounded, and he/she
resumed searching.

4. After the participant found the target photo, he/answered three questions on a
guestionnaire.

5. Each participant repeated steps (1) to (4) for hatgs, once using keyboard
operation and once using mouse operation, i.etasks in total.



Target photo Q1: Did you remember the photo itself?
1:Yes 2:No
Q2:Did you remember its position?
1:Yes  (Accurately)
2: Yeah (Almost)
3: No, but remembered
(Remembered during the operation)
4:No  (Notatall)

slider Fixed cursor Q3: Did you find it where you expected it to be?

Scrollbar 1: Yes (exactly) 2:No (different)

(a) Photo browser. (b) Inquiries.

Fig. 2. Photo browser and inquiries for experiment.

Each time the participants finished a task, thegevesked to write their answers to
three questions (Fig. 2 (b)). The first questioRi¢ you remember the photo itself?”;
“yes” or “n0”) was used to investigate the effeginembering the photo itself had on
the operation pattern. The second question (“Did s@member its position?”; “yes
(accurately),” “yeah (mostly),” “no (but rememberddring the operation),” or “no
(not at all)”) was used to investigate the effeahembering the photo’s position had
on the operation pattern. The difference betweem@lLQ2 was “position.” Someone
may remember the photo itself and the position al. Wthers may remember the
photo itself but not the position. The operatioratgigies may be different between
these two. The third question (“Did you find it wheyou expected it to be?”; “yes
(exactly)” or “no (different)”) was used to confirthhe accuracy of their memory.
From the results of the last two questions, wengefia “memory score,” which
represented how memorable the photo was.

The same 24 of these photos were used as retriavgts, and they were
presented in the same order to all participant& Z4h photos were categorized into
three types: “series,” “impressive,” and “featusslé The “series” type included
photos that had been taken in close successionhaddthe same theme. The
“impressive” type included photos that had strogagily remembered features. They
included photos that were striking in some way hsas photos with strong tones, an
interesting composition, or a strange object. Theatureless” type included photos
that were not in a particular series and had rmngtfeatures. For example, a photo
between one series and another series could beisofype. In the experiment, we
recorded the identification numbers of the photasted at the fixed cursor position
during each time unit (100 ms). We then derived wbkocity from the changes in
position. The entire time it took to find the targéioto was also measured.

5 Results

5.1 Classification of Scrolling Patterns

We gathered scrolling-pattern data, i.e., the Inbers of the photos scrolled through
(i.e., the scrolling position) and the derived wip of scrolling for the eight



participants for both the keyboard and mouse ojpermt Some of the patterns had a
similar shape even though they were for differangyet photos or were for different
participants. This indicates that the scrollingtg@ats can be classified using several
typical patterns and their combinations. We fouhdttwe could use four typical
patterns for each type of operation to classifytadl patterns. All the gathered patterns
can be one of the four patterns itself or the cowation of them. As shown in figures
3 and 4, the patterns comprised two plots: posiiiDh vs. time and velocity vs. time.
The patterns in the figures are for actual dataiobt from the user study.
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Fig. 3. Typical scrolling patterns for keyboard operation.

Scrolling Patterns for Keyboard Operation (Fig. 3)

“Approach”: The user continued pressing (key down) an arrow il the target
photo appeared. He/she then stopped pressing anddsto tap the key to scroll
slowly until the target photo was reached. Thathi&/she approached the target at
high speed by continuously pressing a key and #h@med down. The slope of the
position plot is initially steep, and then it beasrgentle near the target; the velocity
plot forms a trapezoid.

“Pass-by”: The user continued pressing an arrow key untiltéinget photo had been
passed. He/she then stopped pressing and starteqgh tilve key for moving in the
opposite direction to scroll slowly back to thegetrphoto. That is, he/she approached
the target at high speed, passed the target, stoppedenly, and returned to the
photo. The slope of the position plot is initiatiieep, and then it becomes gentle with
opposite inclination; the velocity plot forms agezoid.

“Tap” The user scrolled by continuously tapping an art@y. That is, he/she
operated slowly and certainly by tapping a key. Hesition plot remains fairly
steady, and the velocity plot has a very gentlpesio

“Alternate”: The user alternated between continuously pressingreow key and
tapping an arrow key. That is, he/she periodica#ipeated high- and low-speed

moving. The position plot has steps, and the vilqaiot has spikes at semi-regular
intervals.
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Mouse Operation
Fig. 4. Typical scrolling patterns for mouse operation.

Position (ID) Velocity

Scrolling Patterns for Mouse Operation (Fig. 4)

“Approach”: The user initially dragged the slider quickly ovarlong distance,
scrolling through numerous photos until the neighbod of the target photo was
reached. He/she then slowly searched through tighlmering photos until reaching
the target. That is, he/she approached the tatdegl speed in one stroke and then
carefully adjusted the position. The position phats a very steep, almost vertical,

slope, and the velocity plot has one sharp peak theabeginning and then remains
flat.

“Jump”; The user alternated between suddenly and rapidlimgdhe slider over a
long distance and moving it very slowly until tleeget was reached. That is, he/she
randomly changed the base position for retrievajumping long distances at once.
Both the position plot and the velocity plot haviscdete sharp peaks. This is a
characteristic pattern of mouse operation and igawnd in keyboard operation.

“Move-slowly”: The user moved the slider slowly and continuousiijl teaching the
target. That is, he/she operated slowly and cdytdiy dragging the slider. The
average speed of scrolling was very low. The pmsifilot remains fairly steady, and
the velocity plot has a very gentle slope.

“Alternate™ The user alternated between moving the slider wrey and over short
distances (or stopping). That is, he/she perioljicapeated high- and low-speed

moving. The position plot is stepped, and the viglgalot has spikes at semi-regular
intervals.

We then defined representations for all the serglipatterns. For example, if the
scrolling pattern was simply “approach”, (approaglass-by, tap, alternate) was
represented as (1,0,0,0). If the pattern includeth Ypass-by” and “tap,” it was
represented as (0,1,1,0). The former representiiomnerpreted as “approach 100%”
(i.e., the rate of use was 100%); the latter isrjjiteted as “pass-by 50% and tap 50%”
(i.e., the rates of use for both patterns was abo#i).



5.2  Degree of Memorization of Photo Itself and Cgration Pattern

In the questionnaire (Fig. 2), we asked the panicis whether they remembered the
target photo itself. Using the answers to Q1 amrdsttrolling pattern representations,
we identified the relationship between the degrem@morization of the photo itself
and the operation pattern. As shown in Fig. 5f{ajling unremembered photos took
longer, and the difference in retrieval times iagistent with it being more difficult to
find unremembered photos than to find remembered.on
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Yes No O Approach EPass-by @ETap M Alternate EIApE)roach @Jump B Move-slowly M Alternate
(a) Time for retrieving. (b) Keyboard operation. (c) Mouse operation.

Fig. 5. Time for retrieving (a) and details of operatigh¥ (c) for the answers to Q1, “Did you
remember the photo itself?”

Answer to Q1 and Keyboard Operation: As shown in Fig. 5 (b), the participants
who answered “yes” to Q1 for keyboard operatiordube “approach” and “pass-by”
scrolling patterns at a combined rate of about 50Bi@se who answered “no” used
them at a combined rate of about 25%. This is stesi with the idea that a user who
remembers the target photo will tend to scroll glyidbecause he/she can catch a
rough impression of it even when the photos arellsct rapidly. Additionally, a user
who remembers the position of the photo can moweutd it without straying. A user
who does not remember the photo has no clues ridinfy it and will thus tend to
scroll through the photos more slowly, with morg@eiedence on visual feedback.

Answer to Q1 and Mouse Operation:As shown in Fig. 5 (c), the participants who
answered “yes” to Q1 for mouse operation used #pproach” scrolling pattern at a
rate of about 45%, while those who answered “n@&duthe “jump” pattern at a rate
of about 35%. That is, someone who remembers tigettgphoto can approach the
target with one long movement. Someone who doedasitally scrolls slowly, and,
if he/she cannot find the target, he/she changebdlse retrieval position by scrolling
a long distance in one stroke. That is, they jump hew position and start searching
again slowly.

5.3 Degree of Memorization of Photo’s Position @ahOperation Patterns

We have seen that differences in remembering trgettgphoto caused significant
differences in operation patterns and retrievabSmNext, we focus on the effect of
remembering the target photo’s position rather tttzan photo itself because this
information could prove useful in finding the phot®he scrolling patterns for
“remembering the photo but not the position” shoudfer from those for
“remembering the photo and the position as well."e Whus analyzed the
representations for Q2 (“Did you remember its posR”) for those participants who
answered “yes” to Q1.



Fig. 6 (a) shows the retrieval time for each pattdthe participants who did not
remember the position of the target photo (Q2: Jr@/en though they remembered
the photo itself (Q1: “yes”) took more than twitettime to find the photo than those
who gave one of the other three answers.
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(a) Time for retrieving. (b) Keyboard operation. (c) Mouse operation.

Fig. 6. Time for retrieving (a) and details of operatigh¥ (c) for the answers to Q2, “Did you
remember its position?”

Characteristic Tendencies for Keyboard Operation:As shown in Fig. 6 (b), the
rate of using the “approach” scrolling pattern keyboard operation was significantly
reduced when the degree of memorization was loWeat is, the more accurately the
participant remembered the position, the easiesa# for him/her to recognize when
he/she was close to the target. He/she was abiete directly and rapidly toward
the target because he/she knew where it was. Afidapproached the target, he/she
slowed down to be able to stop directly at theaarmmterestingly, when the answer to
Q2 was “yes” i.e., the user remembered the posiéractly, the “tap” scrolling
pattern was not used. The basic strategy was tp keessing the arrow key and
moving quickly until the neighbors of the targetreveeached.

The characteristics for users who answered “yealos{§)” or “no, but
remembered” to Q2 were similar. In particular, thercentages for the “pass-by”
pattern were high. This was because it was mofieulif for them to recognize when
they were close to the target because they appedelyn rather than accurately
remembered the position. They could find the phasoially because they knew the
photo itself, so, when they found it, they immeelatstopped moving and went back
to the target.

When they did not remember the position (Q2: “ndlHe percentage for the
“alternate” pattern was more than 50%, and the tleep-on pressing” patterns
(“approach” and “pass-by”) had the smallest pe@ges. This can be interpreted to
mean that these participants used a probabilistiarck strategy. That is, by
periodically changing the “base” position of retaé they hoped to more quickly
approach and reach the target.

Characteristic Tendencies for Mouse OperationAs shown in Fig. 6 (c), when the
participants remembered the position of the tametctly (Q2: “yes”) or almost
exactly (“yeah”), the rate of using the “approagddttern for mouse operation was
close to 50%. The “jump” pattern was virtually ueds especially for “yes.” This
means that, when the participants knew the posifahe target, they moved toward
it without hesitation. If they did not initially reember the position but remembered it
during the operation (“no, but remembered”), the &f using the “approach” pattern

was lower, and that of using the “jump” pattern viaggher. The “jump” pattern was



also used by those who answered “yeah”. As evidterthe figure, the lower the

degree of remembering the position, the higherrtte of using the “jump” and

“move-slowly” patterns. However, when the particitma did not remember the
position at all (Q2: “no”), the “jump” pattern wamt used, and the rate of “move-
slowly” was close to 50%. This can be interpretedrean that, when a participant
roughly remembered the position, he/she used thtegy of frequently changing the
base position of retrieval, aiming to accidentatyd probabilistically find a location

near the target. And when they did not rememberpthstion at all, they used the
strategy of slowly searching from one end of thetpHhist one-by-one.

As we have seen, the operation patterns varied thighdegree of how well the
target's position was remembered. In keyboard djperawhen the participants
remembered the position accurately, the typicalepatused was “approach”; when
they remembered the position approximately, it Wpass-by”; and when their
memory was poor, it was “alternate.” In mouse opena when they remembered the
position exactly, the typical pattern used was fapph”; when they remembered the
position approximately, the “jump” pattern had egkx rate; and when their memory
was poor, “move-slowly” was dominant.

5.4  Types of Photos and Operation Patterns

We have seen that there is a relationship betwee=degree of memorization and the
operation patterns used. Then, what kinds of phateseasy to memorize and what
kinds of photos are difficult? We defined “memomgore” (MS) for evaluating the
ease with which the photos were memorized. It walsutated for the photos for
which the answer to Q1 was “yes.” MS makes uséefanswers for Q2 and Q3 and
is defined as

MS = 3XQq;j+2X0qy; +1Xqs;;+0xq,;; (ifanswer to Q3 was “yes”)
! 0 (if answer to Q3 was “no”)

wherei stands for participants andtands for photos. The, ; j,q,, j,qs,j,and qa ; ;

are the answers to Q2 (“yes,” “yeah,” “no, but rembered” and “no”) and took a
value of 1 if they corresponded and O if they dimt. iThe more accurately the
participants remembered the position of the tapeto, the higher the score that was
awarded. If the answer to Q3, which was to confiiow accurately they remembered
the position after finding the target photo, was,"ra score of 0 was given because
their memorization was not accurate. The higher M@, the easier it was for
participanti to memorize photg

The average MS for each photo type we used inxperament is shown in Fig. 7
(a). The “series” photos tended to have higher essoand the “featureless” ones
tended to have lower scores. The results showralation between photo types and
MS, i.e., ease of memorization.

We have seen that the operation patterns varield thi¢ degree with which the
photo itself and its position were remembered. &itiee degree of remembrance is
affected by the photo type, there must be a cdioalebetween photo type and
patterns used. This is supported by the finding ithepok longer to find featureless
photos (Fig. 7 (b)).
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Fig. 7. Type of photo and (a) memory score, (b) time @&rieving, details of operation for (c)
keyboard and (d) mouse operation.

Photo Type and Keyboard Operation:As shown in Fig. 7 (c), when searching for
“series” photos, the participants used the “apgibacrolling pattern at a higher rate
than for the other two types of photos. This carekglained in the sense that, when
searching for a “series” photo, it was easier fpagticipant to recognize when he/she
was in the neighborhood of the target photo eveenatihey approached it quickly
because the similar photos in the series wereyeasibgnized. It was surprising to
find that the “alternate” pattern had the highede (~40%) for “series” photos. This
could be because, when the participant did not nelmee the position of the series,
he/she searched for the series of photos thatdadlthe target at a medium scrolling
speed (not quickly by continually pressing the kaayg not slowly by using the “tap”
pattern). This would be more likely to happen wiles series containing the target
photo contained only a few photos, and the tardmtt itself was “featureless.”
When searching for “impressive” photos, the papacits used the “pass-by” pattern
at a rate of about 60%. This was because the “isspre” photos could be memorized
more accurately, enabling the participants to mdectly and quickly toward the
target photo. However, since the target was not igeries, it was difficult to
recognize when they were near the target so tlegt¢buld slow down. They passed
the target and then went back. The “tap” patters wsed more often to search for
“featureless” photos. The participants tended tarcde for the target by scrolling
slowly from one end of the photo list photo-by-phbiecause they had few clues for
recognizing the photo.

Photo Type and Mouse Operation:As shown in Fig. 7 (d), the mouse operations
used to search for “series” and “impressive” phat@se mostly the same. In both
cases, the “approach” pattern, i.e., moving thdeslirapidly over a long distance
toward the target, had a rate of about 50%. THerdifice is that the rates for “move-
slowly” and “alternate” were reversed between ‘&&tiand “impressive.” For
“series,” the rates were about 13 and 24%. For fasgive,” they were about 26 and



15%. This indicates that, when the participantsrit know the whereabouts of the
target photo accurately and searched for a sefieghotos, they tended to use
“alternate,” so the average scrolling velocity wasdium. When they searched for a
single impressive photo without knowing its whematls, they tended to use “move-
slowly,” so the average velocity was low. For “igmless” photos, the rates for
“jump” and “alternate” were higher (~21 and ~32%he search strategy was to
increase the probability of finding a neighbor bé ttarget by changing the retrieval
base periodically or by suddenly beginning to mtheeslider.

6 Discussion

Effects of Type of Photo and Degree of MemorizatianWe have seen that different
scrolling patterns were used depending on the degfenemorization of the target
photos and of their positions in an arrangementer@hwas also a relationship
between the type of photo and the degree of meatayiz This relationship was used
to define a rule combining the patterns of operstiand the type of target content.
The differences in the scrolling patterns can beerpreted as difference in
information-retrieval strategies.

+ Position (content ID) 4 Position (content D) ==
Pass-by

Approach /

o

Approach

1

Alternate ! Alternate
1
1

Move-slowly =

————

(a) Keyboard Operation time (b) Mouse Operation time
Approach in one stroke = High degree of memorization; series, impressive photos.

=== Approach slowly = Low degree of memorization; featureless photos.

====Jump and change base position of retrieval = Low degree of memorization; featureless photos.

Fig. 8. Typical patterns of operations.

In our user study, we found some typical patterhopmerations (Fig. 8). The
“approach” and “pass-by” patterns observed for eyl operation were consistent
with the “approach” pattern observed for mouse ati@n. They were generally used
to search for well-memorized photos that were eitha “series” or “impressive” and
were not used much to search for poorly memorifedttireless” photos. For “series”
photos, the searcher tended to slow down and dtdpeaphoto. For “impressive”
photos, the searcher tended to go past the tangeteturn to it. The “tap” and “move-
slowly” patterns observed in keyboard and mouseaijmas, respectively, were used
to search for unfamiliar photos (poorly memorized/ar “featureless”).

The interesting and unexpected patterns we foune Visdternate,” observed for
both keyboard and mouse operations, and “jump” fieouse operation. The
“alternate” pattern was used for retrieving poomigmorized photos, especially in
keyboard operation. The “jump” pattern was corresfiagly used in mouse
operation. It tended to be used to search for panemorized, “featureless” photos.
With the “alternate” and “jump” patterns, the peipints used a similar strategy for
finding unfamiliar photos. They changed the bassitipm of retrieval, aiming to



accidentally and probabilistically come close te thrget. The difference between the
two is that with “alternate,” the participants ched their base position periodically
and generally continued scrolling in the same dinac With “jump,” they changed
the base position suddenly and did not necessegihtinue scrolling in the same
direction, so that the position (photo ID) plotzagged.

Effect of Arrangement Order: We received several useful comments regarding
photo memorization. For example,

1. “I memorized the photos on the basis of the clottiess people wore or the
season.”
2. "l knew that the target photo was not in the lattealf of the photo list, even

though | did not remember the photo itself. Thegéarphoto showed some
houses, and although | did not remember any pistuvith houses, | did recall
that there were no photos with houses in the ldt&f of the photo list, only ones
with beautiful beach scenes.”

The first 100 of the 200 photos used in the expeninwere taken in May, and the
other 100 were taken in October. People with shi@eved shirts or trees with green
foliage were included in the photos taken in Magflecting the season becoming
warm. Likewise, people with long-sleeved shirtdrees with foliage that had turned
red were included in the photos taken in Octobexm@ent 1 indicates that the
participant had memorized photos by using a mentadel of clothes and seasons.
That is, a sense of the season of the photos wppedaonto the flow of time for all
200 photos and was used to estimate the positiaimeotarget photo. Comment 2
indicates that the position of the photo could kedwted even when the participant
did not remember the photo itself. The participastarched for the photo by
comparing it with the order or atmosphere of adl fhotos to estimate its position.
These comments indicate that we make use of a Mmembdel reflecting the
atmosphere of all the photos, focusing on theirtufes and order, rather than
memorizing each photo exactly. If the order of jpisois changed, the atmosphere
generated by the whole collection of photos is alkanged. This can change the
scrolling patterns or time it takes to find thegetrphoto.

7  Conclusion

We have demonstrated that the scrolling pattermsl dsr retrieving photos differ
significantly depending on how well the searchentogzes them and their positions
in the arrangement. We also demonstrated that #oishoharacteristics affect the
degree to which it is remembered. The differencesdnolling patterns can be
interpreted as a difference in strategies for eeing information. These findings
enable the mechanisms used to retrieve informatidye better understood, and lead
to interfaces that can dynamically and appropiya@dsess user intentions. Our
ultimate goal is to understand the mechanisms peage to retrieve information and
to establish a method for designing user interfdizsed on that understanding. To
reach this goal, we plan to investigate the refetiip between not only photos but
also other contents, such as text or sound, amibvakt behaviors. In the study
described in this paper, we investigated fundantenté these mechanisms. We
showed that it is possible to extract a principlénformation retrieval that is based



on memorization and to develop an algorithm forpditig user interfaces to human’s
behaviors. For example, an algorithm could be cont#d that causes only photos in
a series with high memorization potential to bespréed with emphasis when a user
scrolls through the photos rapidly and that caufestureless ones with low
memorization potential to be presented with empghadien the user scrolls slowly.
Though this example is rough and the details maswbrked out, if such algorithms
were established, we could design interaction nusthmased on the natural behaviors
of people rather than simply designing the outgedar a brand-new input method or
defining functions that treat the relationshipswestn the various factors and the
search behaviors in the same way.
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