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Abstract
Stacked-block overviews represent a large datinszt

compact space by placing items in a closely-packef” =

grid. As awareness displays, they provide a bieys-
view of state, activity, and change in a data Eew-
ever, stacked-block overviews have a distinct diaad
tage when it comes to retrieval, because they geovi
few clues to the identity of objects other thantispa
position. To investigate the usability of stackddek
overviews, we carried out two studies in which igart
pants retrieved items from either an overview stam-
dard scrolling list. Retrieval performance with the
stacked-block overview was much better than we ini
tially expected (and at its best was significarktbtter
than the scrolling list), and several people sthppge-
ferred the overview. However, the stacked-blockeep
sentation was unusable for nearly a quarter ofptire

ticipants, and even those who succeeded with it re

quired extensive training to reach a high levepef-
formance. Despite these problems, our results shatv
stacked-block overviews can in many cases be used
more than just awareness displays.

Key words.  Overviews, stacked-block overviews,
scrolling lists, retrieval performance, spatial memory.

1 Introduction

Graphical overviews are a space-efficient way towsh
information about a large number of data items.yThe

Figure 1. A stacked overview in the Eclipse IDE [6];
#he stacked overview is shown at lower left, and a tradi-
tional list-based navigation window shown upper left.

In an IDE, stacked-block overview are useful as
awareness information displays. However, it seemed
inefficient to use the overview to observe thailetiad
changed, but then move to a list tool in anotherdew
to open or manipulate the file. We thus began to- co
sider the possibility of retrieving items from the
stacked-block overviews. We initially assumed that

can show how many items there are, the items’ statq,q g e very difficult for users to learn the Itoas
and attributes, and changes that occur over time. ¢ narticular items, since the stacked representati

stacked-block overview is a particular type of overview
that represents items as a compact grid (see Eiduy?e
and 5). Although the stacked approach limits wizat c
be shown about relationships between data elemiénts,
is the most space-efficient way to display a langen-
ber of individual items. The small size of the k&t

overview is valuable when the overview is part of a

larger workspace such as an integrated developme
environment (IDE).

We initially developed stacked-block overviews to
help people maintain awareness of group activity in
software project. In Figure 1, the stacked repriediem
shows the packages and files in the project, orgahi
by creation date. The overview indicates who iskaor
ing where (by colour), and indicates which filessda
changed recently (by highlight) [6]. Software pige

provides little identifying information about inddual
items; however, we observed several instances @f pe
ple doing exactly this for common files in the da&p

To further investigate how the performance of
stacked-block overviews compares to traditionatesbr
lists, we carried out two studies that tested peepl
ability to find items in both displays. We werednt
B5ted in how long it would take people to learnitioa-
tions of a reasonable number of items in a stacked-
block overview, and how performance in retrieving
those items would compare with retrieval from & lis

The studies asked participants to learn the lonati
of 25 targets, and for most of the participantdpak
about twelve trials before they were able to rememb
the locations consistently. Once items were learned
retrieval times quickly dropped below that of retal

are a good match for this representation because neqqm 4 Jist (at best, retrieval times were halfttbéithe

files can be added to the end of the stack witheait-
ranging existing items.

list). In addition, most participants preferred teer-
view to the list. However, we also found that fewsral



participants in the second study, the stacked-btepk interaction; that is, people remember location®raft
resentation was not good for retrieval even aftéere  having had experience with that location [4]. Peopl
sive training. may remember particular items based on landmarks in
Despite these limitations, our results still sigjge the space, or with more experience, may be able to
that designers should consider retrieval capadslifor  maintain a more complete ‘mental map’ in which they
stacked-block overviews (and possibly from othercan remember and find many different objects very
awareness displays). In situations where peoples havquickly [13,16].
long-term exposure to a set of items (such as &t so Studies have shown that although spatial abilities
ware projects), adding retrieval capabilities t@stn can vary widely [14], people are capable of usibgeot

displays may be beneficial for many users. location memory to remember large numbers of items
[3]. For example, Robertson and colleagues tested a

2 Background spatial memory technique (the Data Mountain) inclhi
people placed thumbnails of web pages on a sintilate

2.1 Overviews and Stacked-Block Overviews inclined p|ane [11]_ Once 100 pages were p|aced., pa

Overviews allow a user to see all the items in tada ticipants carried out a number of find-and-selest r
space at once, although the data is shown in reducdrieval tasks. The study found that retrieval wiasisi-
detail. At a high level, they allow the user to seerall ~ cantly faster with the spatial technique than vaitstan-
patterns in the data and how the space is orgamtteal  dard bookmarking system. In addition, the memory of
lower level, they show information about each oé th where items were placed persisted over a long time:
items in the data set, and although there is laniep-  participants who returned six months later were @bl
resentational space for each item, it is still fldesto  retrieve items at the same level of performanceh wi
show the values of several attributes for eachusiieg ~ only brief retraining [3]. (The Data Mountain inveld
colour, border, shape, or other visual variablés [2 self-placement of objects, whereas a stacked-block
One of the main organizational factors in a two-overview uses a fixed placement system; still, tieis
dimensional overview is what the X and Y dimensionssearch still shows that a large number of locaticars
represent. A stacked overview, however, does roius be remembered.)
and Y to represent values of the data. Insteachsitare However, the items in these studies contained sym-
stacked sequentially into a grid; items may be peou bolic information (thumbnails and names) as well as
(see Figure 5), but the sequential organizationnmea Spatial position, and when only location is usedtes
that only one ordinal variable can be encoded.der retrieval strategy, spatial memory fares less waii.
ample, the stacked overview in Figure 1 shows thearly study by Jones and Dumais [8] showed that re-
packages and files in a software project; the itanes trieval of items using location only was slower desis
organized sequentially by creation date. accurate than when items were represented by name.
There are limits to the number of items a stacked In the studies described below, we test a display
overview can display, particularly if it is to b@ ad- where the primary retrieval strategy involves meynor
junct display as in Figure 1. Depending on the size of locations and landmarks (the stacked-block over-
the individual blocks, several hundred items can beiew), against one where the primary strategy is-sy
shown fairly easily. This allows representatiomuiny  bolic (the sorted list).
medium-sized data spaces — for example, of thel®p
projects at the Sourceforge directory (sourcefemm), 2.3 Revisitation
two-thirds had fewer than 500 files, and therefore earning spatial locations is a function of expece

would fit comfortably in an overview. ~with the items in the data space [4]. Therefore, de-

Stacked-block overviews are a type of space-§llin gree to which a user will be able to build a mentap
representation. The most well-known example of thigs related to the amount of revisitation in thekta3if-
category is the treemap [12]; the main differenee b ferent situations have different revisitation patge but

tween treemaps and stacked-block representations j§ most information tasks, users will go back totioa-
that treemaps change the size and position of items |ar jtems repeatedly.

fill the available space, whereas stacked OVeer@ One well-known examp|e of revisitation is naviga_

items fixed in place, in order to assist spatiahmogy. tion on the WWW: Tauscher and Greenberg [15] found
that more than half of pages seen were revisits thaat

2.2 Spatial Memory in Interactive Systems revisitation occurs mainly to the last few pagesiteil —

Spatial object location memory is knowledge of veher the last ten pages seen cover about 85% of revisits

things are located in a space [1,5]. Spatial kndgéein Software development projects also see strong re-

two-dimensional spaces is built up primarily thrhug visitation (e.g. [10]). For example, the Apachepdtt



project (www.apache.org) shows frequent revisitatio trarily with one of four colours, to simulate thepre-
One-third of the files were committed eight times o sentation of some other variable, such as authmrshi
more by a particular author (and the true revisitat that would be present in a real overview (this el
level is higher than this amount since developigedyl  was not discussed with participants). These cojours
open a file several times for each commit). Secdind, however, were the only additional visual variatiatt
each author remembers the spatial locations oRthe was used: even though we could have made the items
most frequently-used files, the likelihood that thext  more memorable with icons, patterns, or even a few
file accessed would be in that set is more than.62%characters of the item’s name, we wanted to test th
That is, a working set of the size used in our expe representation without these additional memory.aids
ments covers almost two-thirds of the file accedses The sorted list. The list representation was a stan-
any author. The revisitation that we saw in sofawar dard listbox with items sorted alphabetically, avith a
projects convinced us that there was an opportdaity scrollbar at the right of the widget. The list wamfig-

stacked overviews to be used for retrieval. ured such that each list item was approximately the
same height as one of the blocks in the stacked- ove
3 Study One: Remembering 25 ltems view, and such that the two windows were exactly th

Our first study looked at whether people would biea Same size. The list could be scrolled either bysgirg
to remember the locations of twenty-five items in ath® arrow buttons at the ends of the scrollbarbyr
stacked-block overview, and how much training woulddragging the scroll thumb (which allowed scrolliaga
be required before retrieval performance equalatigh ~ variable speed controlled by the mouse).

a sorted list. Task

Participants carried out a series of retrieval sas&ing

3.1 Methods - study 1 the two different representations. In each trialrtipi-

Eight participants (6 men and 2 women) were reedlit pants had to find and click on the particular itehose

from a local university. Participants ranged in &9en  name appeared in a prompt window (e.g. ‘Meadow-

21 to 32 years (mean of 25 years), and were vemjlfa  brook’ in Figure 2). Participants had to find therrect

iar with mouse-and-windows applications (more thanitem before the system would proceed. Participants

12 hrs/wk). were not given any introduction to the locationsthud
Custom software was built to display and test thetems; in the first trials, therefore, they hadfited the

stacked-block overview and the traditional list($8g-  jtem using a scanning search with the mouse.

ure 2). The items represented in the display werid The target items were chosen without replacement

ments titled with city names (these were consideregrom within the set of all 25. After all items ihe set

more understandable than filenames for those partichad been used, the set was refilled (participargsew

pants not in computer science). The study was rua 0 allowed to rest during these transitions). Paréinis

P4 Windows system with a 1600x1200 screen. saw only one representation at a time, either iteot

= = the stacked overview.
™ (m X ™ (m X |
Meadowbrook Meadowbrook Pracedure and Study Design

_ Participants were randomly assigned to one of two o
¢ . der groups (list first or stacked overview firgthd then

Kennet | carried out training and test trials with each esenta-
Lackman tion. Three hundred training trials were used vilih
Lenexa [% [ stacked overview (each item retrieved 12 timesy an
Lexington one hundred with the list (each item four timed)e3e

MeCamich |

numbers were chosen during pilots as the average
Figure 2. Stacked overview (left) and list (right); note  amount of training needed for performance to lefel
that participants saw only one representation at a time. We recognize that different amounts of training
Prompt window with item to find is above each display.  introduce a confound into the study. However, froum

The overview. The stacked-block overview repre- Observations, we do not believe that performan(ﬂa Wi

sented the 25 items as rectangular blocks in agbxb  the list would have improved much with added tragni
The items were randomly assigned to positions & thall of our participants were already experts witsthb
grid. Whenever the mouse cursor was over one of thihe list widget itself and the idea of searchingptigh
blocks, that block would be highlighted with a el an alphabetized list, and all participants appeoelte
border, and the item’s name would be displayedvbelo Using a symbolic search strategy that did not imgro
the cursor (see Figure 2). The blocks were filleni-a much with practice. In addition, one hundred triakss




the maximum number that our participants would étan data, retrieval times from the stacked overview ever
for: repeated retrievals from the list were seerfasis approximately half a second less than from the list
more tedious and annoying than retrievals from the
overview.

After training was complete, participants carrgad
100 test trials with each representation (each ieasn
retrieved four times). After all trials had beennto
pleted, participants filled out a questionnaire imgk
them whether they felt that they were faster oremor
accurate with either representation, and which lasp
they preferred overall.

The study used a 1x2 within-participants factorial 0 ;
design. The main factor was representation tyse dli Overview List
stacked overview). The system recorded completio
time and errors for each selection trial.
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IIq:igure4. Mean retrieval times (final 100 trials only).

Errors

3.2 Results — Study 1 Since participants received feedback about whie it
Learning Curve they were selecting (the label in the list, and tthatip

) ) ) in the overview), mistakes were relatively rare amte
One of our main questions was how quickly peoplegenerally simple targeting errors. Participants enad
learned the items in the stacked-block represemati 0,017 errors per trial with the stacked overviewe(dn
Figure 3 shows mean completion times for all trialsahout sixty), and 0.014 errors per trial with tis (one

(including training). List performance is relatiyaton- i seventy). No effect of representation type wasti
stant from the outset; retrieval performance indiier-  on error rate (F=0.465, p=0.52).

view starts at approximately twice that of the lstt

equals it by about 200 trials (i.e., after haviegrs each Preferences
item eight times). Preference data was gathered from the post-test- que
2000 tionnaires. Six of the eight participants stateat tiney

—Rollingaverage@ven/ievv)‘ preferred the stacked overview representation.dn p
— Reling average (Lis) ticular, participants who started with the overviand
then moved to the list made several negative cortsnen
about having to use the list representation. Omécpa
pant preferred the list, however, stating that dsvioo

pdie i i v A" v 'VMLVAW difficult to remember the items in the overview.

6000 -
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4000 A
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3.3 Discussion — Study 1

The first study shows that people can successfally
0 . o o o oo member a fairly large set of item locations, evethw
Tial out symbolic labels or landmarks (other than thk co
ours of the items themselves). However, although th
Figure 3. Training curve (rolling average of 15 trials)  performance of the stacked-block representatiom-eve
of mean retrieval times for stacked overview and list  tyally matched the list, it is clear that the amooh
representations. training required to become proficient with the Bve
view is much larger. People needed to see each item
about eight times before they could remember itirel
eﬁly; in contrast, no training was required to Useltst.
Since the amount of data in this study space was
less than would be seen in many real-world applica-

Iﬁr the first 200|_;[r|als, the.!{'St IS sllgnlflc?ntfystﬁr:rr]lan th tions, we decided to look at an expanded versioth®f
e overview. However, it was less clear whether th o\ " ocorined below.

final performance of the stacked overview would be
better than the list, so we carried out an analgs$is . .
variance for the final 100 trials. This ANOVA shoave 4 Study Two: Remembering 25 ltems From 250

that there was an effect ((F6.25, p<0.05); for this The goal of the second study was to determine veneth
people could learn a set of items within a muclydar

1000

Retrieval time

Figure 3 shows that any performance comparison b
tween the stacked-block overview and the sorteddis
highly depending on amount of training. It is cléaat



set of possible distracters. In this study, we usethta
set of 250 items, from which the participants had t
learn and remember 25. Items were grouped inte arbi
trary groups of 25 to simulate a two-level hiergrch
and groups were given arbitrary names.

4.1 Methods — Study 2

Twelve participants (six men and six women) were
recruited from a local university. Seven were major
Computer Science, and five in Psychology. Ages
ranged from 20 to 38 years (mean of 27). As disliss
below, only eight participants (four men, four wame
were eventually used in the analysis.

Apparatus was similar to that used in the firatlgt
except that the list and overview representatioesew
expanded to 250 items. Figure 5 shows the two repre
sentations: in the stacked overview, items weramrg
ized into ten sets of 25 blocks, all visible on Hoeeen.
The list was organized similarly, although only abo
60 items were visible at once. As in the first stuithe
name of the item appeared when the mouse cursor was
over the item’s block. Items in each block of 25rave
randomly assigned to a grid location; however, the
named groups were organized alphabetically. Inighe
representation, both the groups and the items nvitie
group were organized alphabetically.

Training
Training was modified from the first study sincerpa
ticipants now had to learn 25 items from within the
entire set, and it would not be possible for them t
search for each item during training. Therefore, 25
target items were always highlighted during trajnin
(Figure 5). Highlighting was turned off during test

Participants carried out 300 training trials witte
overview (each of the 25 items was retrieved 128m
and 100 with the list as described above. Aftes thi
training, participants were asked to find each fod t
items once, to see whether they had learned the loc
tion. All subjects were able to find the items e tlist;
however, for four of the twelve participants, 308irn-
ing trials were not sufficient for the overview. ta
from these participants was not used in the armlysi
This large number of exclusions presents a prolitem
this study. However, we present the analysis on the
assumption that even though the overview display ma
not be useful for all users, it could be effectioe a
substantial number. The reason for the differerines
our subject population is not clear. Individualfelif
ences could account for the variation, althoughenoi
academic major, programming experience, gaming ex-
perience, or gender seemed to show any patterns. We

did not, however, give participants a spatial M@  Fjgyre 5. 250-item versions of the stacked overview and
spatial abilities test. sorted list, showing highlighting used during training.
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Procedure and Design who were used in the analysis, there was a sigmific
The study procedure was also similar to that deedri difference between the two representations (orae-tr
above. Participants were placed into an order gemgp  INg Was complete). Analysis of variance showedga si
then carried out training and test trials with eagpre-  Nificant main effect of representation type on céemp
sentation. After all trials were complete, partaips  tion time (R~=14.10, p<0.01). As shown in Figure 6,
completed a questionnaire asking them about their e retrieval from the stacked-block overview over fimal

periences and preferences. 100 trials was four seconds less than from the list

The second study also used a 1x2 within- 12000
participants design, and again the factor was septa-
tion type (list or stacked overview). The system re A 10000
corded completion time for each selection trial.thwi Tg’ 8000
100 test trials, two representations, and eightigar = 6000
pants who completed the session, there was a dbtal o 2000
1600 data points collected. g

2000
4.2 Results — Study 2 0
Overview List

Learning Curve

Figure 7 shows mean completion times for all trials
including training. List performance is more vatab
than in the first experiment, but once again does n Errors

improve dramatically with increased experience (al-Errors were also infrequent in the second study, al
though there is a downward trend that we plan¥esn  though there were more erroneous clicks with tee i
tigate further in future work). In contrast, retié per-  than with the overview. Participants made 0.02 rerro
formance in the overview is quite poor when paitici per trial with the stacked overview (one in fiftynd
pants are first seeing each item, but improvesdtgpi  0.14 errors per trial with the list (one in sevekp ef-

and passes the list by the time items have beem segect of representation type was found on error rate
four times. Note that the removal of the highlightthe  (F, =4.13, p=0.09).

target items does not appear hinder performancer— p

Figure 6. Mean completion time for overview and list,
250-item version of display.

formance after trial 300 is very similar to perf@mnce Preferences
before that point. There were marked differences in preference, and pe
20000 ple’s opinions were felt strongly. Not surprisingly
18000 1} — Rolling average (Lis) || those participants for whom the stacked-block regme
16000 \ — Roling average (Overview) | tation did not work preferred the list represeitati
7 14000 | \ Several people found the overview frustrating; oghe
2 12000 A simply felt that it did not work for them and so sva
< 10000 1 time-consuming and error-prone.
% 8000 1 MJ\{‘\ In contrast, all of the participants who were used
& 6000 v the analysis preferred the overview to the listisThas
4000 1 W\"V particularly evident in those who worked with theep
2000 view first, and then the list — during the listats, we
0 100 200 0 200 noted disparaging comments about the list and akver
Trial joking requests to go back to the stacked overview.

Figure 7. Learning curve (rolling average of 15 trials)
of mean retrieval times for the stacked overview and list
representations. Note that only the last 100 trials were
the ones used for the comparison.

5 Discussion

Our overall goal in these studies was to investigat
whether stacked-block overviews could be used for
retrieval as well as for awareness, and if so, haveh
Retrieval time training would be required for people to remember a
Again, differences between the two representationgeasonable set of items. Our results are mixedthen
depends on how much training is allowed for theone hand, people liked the overviews and performed
stacked-block overview. In the first few trialsetbver- ~ better with them after training; on the other, estee
view is almost ten seconds slower than the listalfier ~ training was required, and even then, the stackeckb
training the overview is faster. For the eight mipants ~ representation was not usable for all participants.



Below we consider what factors in the stacked-cated), and these experiences will provide anainiti
block overview led to its (eventual) strong perfamoe, exposure to the item locations. Second, the display
look at the issue of training and ways that tragnin could mirror the activities undertaken through othe
might be accomplished, and outline avenues forréutu parts of the interface. For example, when a usensp

work in the area. file using a traditional file browser, the stackeder-
view can highlight the item in question to introduar
5.1 Advantages of the stacked representation reinforce its location. Third, read-wear techniquiiés

There are several reasons why retrieval from th&ould be_used to help users remember which items in
stacked-block overview could be fast, once trainimg ~ the overview they have accessed recently or frejuen
completed. The main reason is that once the it@a-lo Although these strategies do not guarantee that us
tions are known, fewer actions are required initiber- 'S Will learn the item locations, they are likety be
face to get to the target. Even if the user knowiene effecnvle in S|tuat|or)s_where reV|S|tat|on is conmmo
to look in the list, they must still grab the séibiumb, ~ There is a natural fit in these cases, since fretiyie
move to the correct location, and then target temj USed items are more easily remembered, and remem-
Thus, the overview has one constant-time advantageered locations are more likely to be used.
over the list, and one variable advantage depenaling
how well the locations are memorized. The listcam- ~ 5-3 Future work
trast, has a guaranteed backup strategy (alphabetiithough our results suggest that retrieval fronemv
search) that limits overall search time even whwmmad  views can be useful for some people, there arena nu
tions are not known. ber of issues that should be considered furthee. firkt
Overall, it appeared that the stacked-block owawi task is to look more closely at why the represétat
succeeded because it was more amenable to practida not work well for such a large minority of tpar-
and learning than was the list. Although this ishp@s  ticipants. A second issue concerns the realismhef t
not a surprising result (with enough practice, pe@an retrieval task. Our next project will be to look rabre
become good at anything), it is interesting to bt  realistic usage patterns and the effects of theseeo
people did not seem to use location nearly as muith  trieval from the overview. We are particularly inte
the list representation, and continued to use phaal ested in determining whether it is more common for
betic search strategy throughout. In additiors iiseful people to maintain a single working set over a long
to determine that a reasonable number of itemsbean period (e.g., return regularly to the same setilesf
recalled in the overview, and that performancesam  over an entire project), or whether the working et
pass the standard solution under certain conditions  items slowly changes over time. In addition, reaka/
data can also involve gradual changes to the atiser
5.2 The issue of training played attributes of the items (e.g. most recettai
The stacked-block representation only works well if'We need to determine if and how these changestaffec

users have extensive practice. Since people are nBgrformance with the stacked-block overview.

likely to engage in explicit practice as they diddur Slnc_e people WI|| want to remember different num-
studies, this appears to be a clear limitatiorhtouse-  Pers of items in different tasks, we also wanbiplere
fulness of the technique. However, there are gertaithe tradeoff between the number of items that e u

real-world task situations where people work witkea ~rémembers, and the amount of training. For example,
of data objects over a long term, and where itossp ~ Can & Person remember a few things with only a few

ble that training will occur as a consequence it visits? Similarly, if a user.wiII be working with data
activities. Software projects, the original motivatfor ~ S€t over & longer term, will they be able to camity
stacked-block overviews, are a situation where thidncréase the number of item locations that theyeram
could occur: in many projects, files and packages a Per? Related to this is the issue of whether usars
relatively stable and revisitation is common. maintain more than one spatial mapping; that is,
The key to implicit training is that the stackegep ~ Whether they could be able to use multiple stacked
view is still useful a an awareness display, edénis ~ OVerviews simultaneously in different contexts.
not used for retrieval. This means that it will dxe the Finally, there are several ways that the stacked
user's screen, even if they have not yet learngdoan ~ OVerview display could be improved to provide bette

ject locations. Once the display has a footholdtren ~ "etrieval performance. A simple addition would loe t
screen, several possibilities exist for helpingrsge ~@dd more information to each block; as mentioned

remember where things are. above, icons, patterns, or the first few lettersthuf
First, users will naturally inspect various iteins It€M's name could make items memorable and help to

the display (e.g., after a change to a file hasbedi- differentiate between nearby items. A larger change



would be to allow users to arrange the items themf9]

selves. For example, users could arrange filesinvah

package area to match their own conception of thafl0] Mockus, A., Fielding, R., and Herbsleb, J.

module. The work of Czerwinski and colleagues [3]
suggests that this change could increase the nuaiber
items that users are able to remember. The onhy-dra

back is that user effort is required to create niegv

arrangement.

6 Conclusions

Stacked-block overviews provide a compact represent [12] Shneiderman, B. Tree Visualization with Tree-
tion of a data space, but require that people rdmem
the location of each item. To investigate whethesro

views should include retrieval capabilities, we rizat

out two studies to compare retrieval performanca in
stacked-block overview and a sorted list. We fotirad
once the items were learned, the overview was fsigni

cantly faster than the list; however, extensivénirg

was required, and the overview did not work atfal
several participants. These problems mean thagvatr
from stacked-block overviews will only be effectiire
situations where users spend a lot of time withag p

ticular set of items, and where they revisit iteoften.

Nevertheless, in settings such as software devedapm
retrieval from awareness overviews could provide a

useful shortcut for experts.
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