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ABSTRACT

Thirty-six participants used a static version d either LifeLines, agraphicd interface or a Tabular
representation to answer questions abou a database of temporal persona history information.
Results suggest that overall the LifeLines representation led to much faster response times,
primarily for questions which involved interval comparisons and making intercaegoricd
conredions. A “first impresson’ test showed that LifeLines can reduce some of the biases of
the tabular record summary. A post-experimental memory test led to significantly (p<.004)
higher recdl for LifeLines. Finaly, simpleinteradiontedhniques are propcsed to compensate
for the problems of the static LifeLines display’ s ability to ded with predse dates, attribute

coding and owerlaps.

INTRODUCTION

The way in which temporal datais represented haes a dramatic €fed on the way we interpret and
use those data. Metaphars and analogies have been used quite dfedively to aid the user and
provide amental model of the system (Carroll & Madk, 1985. In order for agraphicd interface
(visual, as oppased to textual or numeric) to be the most effedive, though, it is useful to "use



red-world analogies as much as posshble’ (Hix & Hartson, 1993, p.8Pand to establish "good
mappings between the computer display of information and the user's conceptual model of the
information” (Nielsen, 1993, p. 126 Shneiderman (1992 nates the benefits of visual displays
as compared to textua displays because of this mapping to ou threedimensional world. By
using consistent, visual displays we can utili ze the aues with which we ae familiar -- proximity,
containment, color, coding, etc. LifeLines, agraphicd interfacedesigned by the Human
Computer Interadion Laboratory (HCIL) at the University of Maryland, Coll ege Park, MD,
attempts to med these ideds. It uses the metaphar of atimeline to represent chrondogica data,
with the use of color coding and proximity to speafy and relate important events and adions (see
Figure 1).

A Practical Application

HCIL produced prototypes for the Maryland Department of Juvenile Justice (DJJ whois
redesigning their information system. To better understand DJJ s problems, HCIL performed an
extensive evaluation d the eisting system (Rose, Shneiderman, & Plaisant, 1995 Slaughter,
Norman, & Shneiderman, 1995 Plaisant, Rose, Shneiderman, & Vanniamparampil, to appea).
One problem is how difficult and time consuming it isto get an overview of ayouth’s history
with the aurrent system. Case workers must use ayptic codes to navigate through dazens of
tabular screens. Asan aternative, HCIL propased LifeLines, ageneral visuali zation technique
that uses multiple timelines (e.g., cases, workers assgned, gdacements and reports) to present a
youth record overview in ore screen (Plaisant, et. al., 1996. Line wlor isused to indicae the
depth o penetrationinto the system (e.g., before urt, after court) and thicknessis used to
indicae severity. Thetimeline metaphar al ows usersto quickly get an overview of the record
and seerelationships among the events. It isbelieved that LifeLinesis ageneral method d
presenting personal history records and can be used in avariety of applications (e.g. insurance
records, financia records, student records, or medicd reards (Plaisant and Rose, 1996 Plaisant
and Shneiderman, 1997
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Figure 1. The LifeLines format

THE EXPERIMENT
This experiment examines the dfeds of the format in which tempora datais represented.
Subjeds were shown ore of two formats, LifeLines or Tabular (Figures 1 and 2), and asked to

answer questions based onthe information given. It was predicted that participantsin the
LifeLines condtionwould do letter:

e comparing timeintervals,

* making intercategoricd (i.e. acosstables) connedionsrelating one aeaof information to
ancther, and

e ganing an appropriate impresson d the record.

The participants in the Tabular condtion were expeded to do ketter in tasks requiring predse
pieces of information (e.g., a spedfic date or rating).
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Figure 2. The Tabular format.

By colleding speed and acaracy data e well as user satisfadion ratings and recdl data, our goal
was to compare the two static displays of information to understand and measure the benefits and
pitfalls of the LifeLines display. Because the LifeLines display was always intended to be part of
an interadive information system a secondary goal for this experiment was to identify and
measure the need for the interadive feaures implemented in the gpli caion to augment the
LifeLinesdisplay (e.g., adive aursor / balon help or dynamic highlighting of related

information).

Whil e this experiment attempts to uncerstand the diff erence between these two formats, for
pradicd applications, the best solution might be a @mbination o thetwo. AsPaivio's (1986
Dual Coding Theory predicts, best performancewould be foundfor a mmbination d textual and

gpatial pictorial representations becaise it off ers the most information via the two codes (verbal



and spatial). Also, there is abenefit of redundancy of information which shoud help encoding.
Multiple Resource Theory (Wickens, 1992 also suppats the use of diff erent resources for
verbal (textual) and for spatia (pictoria/navigational) processng. For this experiment, we will
only look at the benefits of the LifeLines representation as compared to the Tabular
representation, bu our prototype for DJJoffers both a graphicd andtabular view of the data.

Hypothesis

As mentioned ealier, the primary purpose of this experiment is to olserve the strengths and
wegknesses of both the LifeLines and Tabular formats $ as to develop an interface which
incorporates the best feaures of baoth. In order to dothiswe aeded 31 questions that would be
used to study speed and acarragy of user interadion with ead o the interfaces. Prior to testing
we cdegorized eat question by whether we thought that user performance would be best in
terms of the LifeLines interface the Tabular interface or that bath would provide an equal level
of performance (See Appendix 2 for the text of the questions). From these predictions we
arrived at the foll owing hypotheses (stated herein order of presentationin the experiment):

H1: First Impresson Test
It is predicted that more subjeds in the LifeLines condtion will acairately indicate the that the
Complex record isadualy less gvere than the Simple record.

H2: Main Quiz

It is predicted that subjeds in the LifeLines condtion will perform with fewer errors and with a
faster resporse time for those questions requiring: a) date/interval comparisons, b) approximate
dates estimations with good clue locaion, ¢) multiple table lookups, and d multiple clumn

lookupin single table.

Likewise, it is predicted that subjedsin the Tabular condtionwill perform with fewer errors and
with afaster resporse time for those questions in which:

a) exad dates are requested, b) LifeLines provides ambiguous line overlap for the same
information, c) single table lookup where LifeLines uses coding (LifelLines uses color and line

thicknesscoding, whereas Tabular gives text value),



Finally, it is predicted that there will be no dfferencein terms of number of errors and resporse
times for those questions in which: a) approximate dates are requested bu no location clues are
given, b) exad intervals are requested., ¢) interval comparison with good clue locaion in the
table/LifeLine display are needed, d) single table, single mlumn lookupis neeled, and e) exad
date with a multi ple table lookupis needed.

H3:.  SubediveQuestionndre
It is predicted that subjeds in the LifeLines condtion will have ahigher level of user interface
satisfadion than subjedsin the Tabular condtion.

H4: Reall test
It is predicted that subjeds in the LifeLines condtion will have ahigher rate of recdl than

subjedsin the Tabular condtion.

A SECONDARY STUDY:

SPATIAL VISUALIZATION ABILITY

A secondary, bu related study also investigated individual differencesin terms of Spatial
Visualization Ability (SVA). That is, isthere adiff erence between high SVA andlow SVA

individuals in terms of performance?

Reseach suggests that we may find some diff erences dueto SVA level. SVA has been shown to
be dosely tied to an individual's abilit y to succesgully navigate through a hierarchica database
(Butler, 1990,Norman & Butler, 1989,and Vincente, Hayes, & Willi ges, 1987. It is heavily
dependent on the way in which the user represents the mental image -- whether the user has a
pictorial or averbal representation. Lohman (1989 observes that people use diff erent methods
for storing and manipulating mental images. He states that, "Some subjeds lve items on such
(paper folding) tests by generating mental images that they then transform hdlisticdly" (p.346
whil e other subjeds use lessvisua means to solve these problems. He refersto the former group
as high SVA andthe latter groupaslow SVA. Inthisexperiment, we used the VZ-2 (Ekstrom,
1976 to evaluate users and then looked at their performance on ead interface



Thisleals usto ou final hypothesis:

H5:  SVA

We exped that the high SVA individuals would perform better in the Lifelines condition and that the low SVA
individuals might perform better in the Tabular condition thus supparting the need to use both representations in the
adual interface

METHOD

Participants

Thirty-six individuals from the University of Maryland participated in this experiment. The 20
male and 16female subjeds ranged in age from 18to 49yeasold. Eac participant was paid
$4.00for taking part in the 40 minute experiment and was told that there would be an extra $4.00
incentive reward for the best performance (highest score in the shortest amourt of time) in eat

condtion.

Design

An independent groups design was used to look at subjed's performancein terms of the format
used for data representation. The independent variable, format, was defined as either LifeLines
or Tabular. A series of unpaired t-tests were used to look at diff erencesin terms of the dependent
variable, resporsetime for eat of the 31 questions, and an error court was used to examine the
dependent variable, number wrong. For the Subjedive Questionraire unpaired t-tests were used
to look at the diff erences in ratings between participants in the two groups. For thefirst
impresson test asimple summary court was used to seethe diff erences between the groups and
finaly, for the recdl test, asingle unpaired t-test was runto describe the diff erencein terms of
number corred.

Finally, asemndary issuie, SVA level versus format, was sudied independently. Participants
were divided into high versus low SVA as based onamedian split (with the median score of
12.5,those who scored 0-12 were cdegorized aslow SVA and those that scored 1320 were
caegorized as high SVA). This creded a2x2 design for investigating whether thereisan
interadion between format and SVA Level. For this gudy, a2x2 ANOVA was used to look at



just the main effed of SVA level andthe interadion. The main effed of format was not
investigated here, asit was addressed in the previous part of the experiment.

Materials

Adobe Photoshop ™was used to crede the two versions of the youth record (Figures 1 and 2
and a Borland Delphi program was creded to runthe experiment. A computerized version d the
VZ-2 test of Spatia Visualization (Ekstrom, 1976 was used to determine SVA level, and the
final questionnaire was based onthe Questionnaire for User Satisfadion (QUIS) developed by
Chin, Diehl, and Norman (1988. The subjeds ead ran the experiment on the same IBM PC

madchine running Windows 95.

Procedure
Participants were scheduled ore & atime and were runindvidually at the computer. During the
entire 40 minute sesson, the experimenter was ®aed neaby to answer questions andto provide

the gpropriate materials.

Spaial visualization ahlity test - After filli ng out the Informed Consent form, the subjed was
seded at the computer and asked to begin the VZ-2 pation d the experiment. Ead subjed had

Six minutes to compl ete this test.

Reading/training - When the VZ-2 was completed, the experimenter recorded the scores and
gave the subjed the proper reference shed and the training hard copy for their condtion
(LifeLinesor Tabular). Each subjed was given penty of timeto fully understand the

information and when dore, ndified the experimenter.

First impressontest - Subjeds were asked to look Lriefly (approx. 5semnds) at hard copies of
two youth records (seeAppendix 1), and asked to answer the foll owing question: “You have to
place eal youth in ore of two fadliti es. One of the fadliti esis more seaure than the other.
Which youth needsto be put into the more seaure fadlity?’ Their answer was recorded and then
they were given anather 15 seconds (or moretime, if nealed) to look more caefully at the youth

records and answer the same adowve question.



We were mncerned that the LifeLines or Tabular representation might be misleading at first
glance A youth record may appea worse than the youth's actual behavior. In particular we
knew from our DJJuser study that areaord including many minor off enses but few convictions
may appea to be “worse” than areard containing fewer but more severe off enses. We refer to
the former type of record as Complex (more off enses, but less ®vere and noconvictions,
therefore a"better” record) and the latter as Severe (fewer offenses, but more severe and more
convictions). Similar situations can be foundin ather types of records as well (e.g. for schod
records: a student with more dasses but poar grades. For insurancerecoords. a ca driver with

fewer but more severe accdents).

Main quz- The main pation d the experiment, which was completely self-paced and onthe
computer, included a brief badkground questionraire, five training questions, the acual
experiment which consisted of 31 questions, and a questionraire of user interfacesatisfadion.
All participant's questions were answered prior to the adual experiment. At thispaint,
participants were informed of aspedal bonus for the best score in ead condition (highest score

in the shortest amourt of time).

The experiment consisted of 31 questions that were presented in the following manner: The
guestion by itself was presented to the participant at the bottom of the screen. The participant
read the question and then pressed the "Go" button when ready. The display appeaed (a
LifeLines or Tabular representation, depending onthe andtion) with the question and the
possble answersvisible a the bottom of the screen. The participant seleded an answer, after
which the text of the next question appeared. The cmpletion time was recorded (i.e. the time
between presang the "Go" button and seleding an answer) as well as whether or not the answer
was corred. Subjeds had to complete eab questionin arder to go onto the next question and

they were not able to go badk to previous questions.

The 31 qestions are listed in Appendix 2. The questions were dhosen to represent the diversity
of passbletasks. We hoped to show the benefits of bath the LifeLines and the Tabular display.
For ead questionwe tried to predict which format would perform better (seeAppendix 2).



Suhedivequestionndre - After completing the main quz, subjeds were asked to complete an
eleven item subjedive questionraire which rated their experienceduring the experiment (see
Appendix 3). Thisquestionraire mnsisted of aseleded set of items from the Questionraire of
User InterfaceSatisfadion (Chin, Diehl, & Norman, 198§ which has a high reli ability,
Cronbadh's alpha =.94. Resporses were oll eded and then the subjeds were debriefed.

Reall test - After debriefing the subjeds were given ore last six question hard copy post
experimental memory questionraire. Therecdl questions are listed in Appendix 4.

RESULT S

First impresgon test (H4)

Results (seeFigure 3) indicate that at first glance, of the 18 participants in the Tabular condtion,
6 thought the Complex record was more severe, 10thought the Severe record was more severe,
and 2couldn't deade. For the LifeLines condtion, ony 2 thought the Complex record was more
severe and 16thought the Severe record was more severe. After more study, the results showed
that, for the Tabular condtion, 3still t hought the Complex record was more severe, and 15
thought the Severe record was more severe. For the LifelLines condtion, nobog thought the
Complex record was more severe, 17 thought the Severe record was more severe and 1
individual was undedded (that person hed ariginally thought the Complex record was more
Severe).

[ Severe
O Complex
W Undecided

|

Immediate After 15 Immediate After 15
Seconds Seconds

Tabular LifeLines

10



Figure 3. Seriousness Rating -- Number of subjects viewing that record as the more
serious record (i.e. the worse record)

A Chi-square test of Independence mmparing results for Tabular versus LifeLines produced the

following results: Chi2 (2) = 39.485, .01, which indicates that there is arelationship between
whether a Tabular or LifeLines representation is used, and the perceaved severity of ead type of

record (Complex or Severe).

Main quiz (H1)
Prior to the experiment, ead o the 31 test questions had been caegorized as. Tabular, LifeLines,
or Both to indicae the amndtionin which performancewas expeded to be superior (See

Appendix 2).

Twelve questions samed better suited to a LifeLines representation. These invalved:
- interval comparison
- multi ple lookuptable
- multi ple olumn lookup
Nine questions samed more suited to the Tabular representation and involved:
- exad dates
- exad values (coded in the LifeLines)
- information hidden by overlaps
Ten questions aned equally suited for both (e.g., single table-single column lookup @
approximate date questions.)

A t-test was performed for all the cmbined questions that were predicted to favor LifeLines.
Results confirming our prediction were significant for t(34)=4.79, <.0001.A mean comparison

shows MTabular =210.86sec. and M|_jfelines =106.85sec
Ancther t-test (Fig 4) was performed for all the combined questions that were predicted to favor

the Tabular condtion, resultsin this case were not significant for t(34)=-.04, p>.05.A mean

comparison shows MTagpular =100.70sec and ML ifel ines=101.22sec

11
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Fig 4: Time to complete combined tasks.

In addition a series of unpaired t-tests were used to determine the adual outcomes of individual
test questions. For the most part, the data confirmed ou predictions. A Bonferroni adjustment
set the dphalevel at .0016 (dpha =.0531) to evaluate the 31 questions considered. The
significant results are summarized in Table 1. Fiveof these scores weresignificant in the
diredion d LifeLines. These tasksincluded interval comparisons and tasks requiring Tabular
subjedsto look at two tables or two columnsin the same table. The mean completiontimes
were dramaticdly diff erent, showing participants in the LifeLines condtion performing twice &
fast as Tabular.

The one question that was sgnificant for the Tabular condti onwas question #26with ameans
comparison score of: MTabular = 5-41,MLifelines= 13.13. This questioninvolved asimple
table lookup bu required the interpretion o a clor code onthe LifeLinesdisplay. Since
subjeds were dl novices, the mlor codes and rames of the faality types were probably
confusing and required most users to consult the printed training materials.

Although only these six items $howed significant differences, it is beneficial to consider the
mean dfferencesfor al the questions (Figures 4, 5and 6).

These values are given in Appendix 2.
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Question Tabular MLifeLines | t-test, p<.0016

1  Which closed case was open for the longest time? 8.94 .67 t(34) = 3.49
(interval comparison)

14  Which case(s) did Jones handle done (for the entire cae from [8.56 7.43 t(34) =3.44
beginning to end)? (multi ple mlumn lookupin single table)

17 Asof today (10/16/95) at what fadlity did Joe Smith stay the  }4.08 .39 t(34) = 4.52
longest? (interval comparison)

19 Who wasin charge of Joe Smith while he wasin Cheltenham? [1.45 .34 t(34) = 4.58
(multi ple table lookup)

26 What type of aplacement is Waxter? (singletable lookup- LL |41 3.13 t(34) =-3.52
using color coding

27 During which case did Joe Smith have a citicd medicd event? [3.61 .72 t(34) = 4.92
(multi ple table lookup)

Table 1. Questions with Significant Differences in Mean Completion Times (seconds)
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Figure 5. Mean Comparisons of Questions for which LifeLines was faster
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Figure 6. Mean Comparisons of Questions for which Tabular was faster

A look at the mean time diff erences of the nonsignificant questions reveds a pattern in favor of
LifeLines. Most of the tasks $how that users answered the question much faster on average with
LifeLines than with the tabular display (e.g., twice a&fast in #6, 12, 20, 22, 2&ith similar errors
rate).

None of the questions for which the Tabular condtion had the faster mean time (i.e. "adua”
Tabulars) were predicted to be faster in the LifeLines condtion. However, two questions which
performed better with LifelLines had been predicted to be better for Tabular. More of the
questions predicted to be eguivaent for Both performed better in LifeLines (5 ou of 10) than in
the Tabular (2 ou of 10).

The following overall summary informationis given:

14



(1) Tota Mean Time (semnds)
TMTTabular = 42954

TMTLifeLines = 30202
(2) Tota Errors
ErrorsTapular = 97

Errors, ifeLines = 135
(3) Predicted versus Actual
PredictedT apular = 9, Actua Tapular = 9

Predicted ijfelines = 12, Actua | jfel ines= 18
Predictedgoth = 10, ActualBoth = 4

An oweral unpaired t-test comparison ketween the two dsplay types for the dependent variable
of total time was sgnificant (t(34) = 2.96, x.01), and was faster for the LifeLines condtion
(MTabular = 429.54and ML jfel ines = 302.03. In some caes there were more arorsfor the
faster condtion. If the diff erence between the two groups was 2 ar more arors for the faster
group, the question was marked as “Both” (i.e. no“winner”). The total number of errors for the
LifeLines condtionwas higher than for the Tabular condtion which we expeded. Appendix 2
shows most of the erors occurred for questions in which the Tabular condtion hed faster
resporse times. They were questions that did na provide sufficient informationin the LifeLines
condtion and therefore were not expeded to be answered acarately. These questions required
the user to determine the answer based oneither: a spedfic date (#4, #5, #9, overlapping events
(#18, #2), or the deaoding of color and thicknesscodes (#23, #2§. To confirm that the source
of the erors was these questions an additi onal t-test was run with thaose questions removed so as
to look at performance scores -- time to completion and error rate -- for ead item. Results were
asfollows: t(34) = 3.67, p<.001with average completiontimes MTgpular= 14.06and

MLifeLines= 9.19,and similar error rates. ErrorsTgpular= 64 and Errors|jfeLines= 65,

confirming the origin of the erors.

Subedive Questionnaire (H3)

For the subjedive questionraire, ead question was considered independently in a series of
unpaired t-tests. A Bonferroni adjustment of alpha <004was used to evaluate the deven
guestions considered. None of the deven question were significant at thisaphalevel, whichis

15



not uncommon for a between-subjeds experiment, however, trendsindicated better (higher)
scores for nine out of the deven questionsin terms of user satisfadion. In addition, an owerall t-
test was run onthe mean score for all eleven questions, however, the result was nat significant
t(33) =-.3, p>.05. The questions and the results are shown in the Appendix 3.

The participantsin the Tabular condtion dd say that their overall readion to the display was
better than dd the participantsin the LifeLines condtion. Also, the participants in the Tabular
condtion said that they understoodthe terms better that the people in the Lifelines condition.
Other than thaose two items, however, participants in the LifeLines condtion said that their
display was more: satisfying, stimulating, and clea, and that the charaders were eaier to real,
the screen layout made the task easier, that there was adequate information onthe screen, that

leaning to use the display was easier, and that leaning to interpret the information was easier.

Reall test (H2)

Foll owing the experiment, eat participant was given apop quz -- apost experimental
guestionreire to seewhat, if any, information hed been retained. From the six questions asked,
participantsin the Tabular group ony corredly recdled, onthe arerage, 2.83 guestions, while
participants in the LifeLines group corredly recdl ed a better average of 4.33 questions. The
results of an unpaired t-test were t(34) = 3.82, p<.001.

Spatial Ability (H5)

Asasemndary issue, we looked at whether there was an interadion between SVA and format
(LifeLines versus Tabular). Only the twenty five questions which resulted in a difference
between the two groups were mnsidered (no “Both” questions). Although the data did na show
any interadionsin an oweral 2x2 ANOVA (F(1,32 =.002,P>.05) nor did it show any of the
interadions for 2x2 ANOVA s using a Bonferroni adjustment of alpha <003, it was interesting to
note that from the means comparison, for the questions better suited to the LifeLines condtion,
resporse times were dl faster for the high SVA individuals. Even more interesting is that for
two ou of the threequestions better suited to the Tabular condtion, the low SVA individuals had
faster resporse times. We dso ndiced that the subjed who performed most poaly using the
LifeLinesformat also had avery low SVA.

16



DISCUSSON
The purpose of thisreseach wasto determine how well the LifeLines graphicd data
representation compared to the Tabular data representation which is commonly used in computer

applicaions.

The first impresgontest confirmed that the representation d the data can have astrong influence
onthefirst impresson wers have of arecord. This snall test seemsto indicae that the LifeLines
representation can give abetter overall summary of the record than the Tabular representation.
Designers have to carefully chose display parameters sich as color, thickness charader size or
style asthey can lead to paential biases. But thistest showed that even an ordinary tabular
display caninducebiasin users first impresson. Of course neither LifeLines nor the Tabular
display contain all the information in the record bu merely a summary and can only provide a

subjediveimpresson d thereard.

AsNorman (1993 nates, the type of format which is most appropriate for a particular task
depends uponthe nature of the task. Some tasks will undouhedly benefit from graphicd
representations, bu there ae other tasks for which a Tabular representation may be more useful.

Inthe main quiz, we did find faster resporse times for the LifeLines condtion, nd only for thase
guestions where we had predicted faster times, but also for some questions where we had
predicted either the Tabular condtionwould be faster or where there would be no dfference
Significant diff erences were foundfor tasks invalving time interval comparisons and multiple
table lookup. The speed gains were dramatic. However, the Tabular condtion dd have fewer
errorsthan LifeLines. Many of the arors were linked to needing to guessat exad dates,

overlapping events and uncrstanding the graphicd coding (color and thickness.
No significant diff erences were foundfor subjedive user satisfadion bu for 9 ou of the 11 items

onthe subjedive questionraire, the participantsin the LifeLines condtionrated their system

higher.
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Anather interesting finding was that there were fewer memory errors for the participantsin the
LifeLines condtion-- it seansthat those individuals were ale to successully recdl more

information that those in the Tabular condtion.

From these results, it would seem that the LifeLines graphicd interfacedoes provide agood
representation o the data. The timeline metapha does s2em to work since, for the most part, the

performance of the users did show favorable results.

This experiment was run wsing static displays but an application wsing LifeLine can use
interadive feaures to clarify and expand important pieces of information. Active aursors or
balloon elp can provide exad dates for events and exad values for coded attributes (either at the
cursor or in adedicaed areaof the screen). This smple technique hel ps compensate for one of
the main weaknesses of LifeLines. A more serious wegknessis related to the overlapping of
events. In question #18LifeLines users could na court how many medica events were in the
record, bu adequate display rules can be devised to spread events verticdly, or make the
important/criticd events aways visible or to provide speda coding (e.g. aspeaa color) to
indicate overlapping event which can bereveded interadively. Zooming also provides anice
way to focus the overview of the record onareas of interest whil e increasing the resolution o the
display. Another method consists of reserving a part of the screen for a small tabular display
which can display the detail s of severa related events (e.g., all the medicd events).

Asfor the question regarding the interadion between SVA and format, there does em to be
some implicaionthat individuals with low SVA may prefer to use the Tabular representation for
those items which target more speafic information (those questions for which the Tabular
condtion hed faster resporse times). Thisaso provides suppat for including textual

information with the graphica representation for thase low SVA users.
Regardless this gudy points out many of the advantages of the LifeLines graphicd

representation. These results $ow that there ae many benefits to using this type of graphicd
representation to dsplay chrondogicd records such as the DJJyouth record. Hopefully, the
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LifeLines prototype display will help provide eay accessto large databases of temporal persond

history information and make the aquisition such data quicker and more dfedive.

In conclusion our study indicaes that overall, LifeLines provides a useful summary of the record
that users are more likely to remember. Tasks requiring interval comparisons and
intercategorica informationwill be performed much faster than they would be from atabular
display. Finally, simpleinteradion tedniques can augment LifeLines ability to ded with prease
dates, attribute wding and overlaps.
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APPENDI X

1- First impresson test for LifeLines condition

Complex Rem
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Jones Court Ness Greenh Court
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Medical [ ] I |
Behavio- | |
Education I l ' ' '
(=] e |
| | | | | | | e
3195 495 3/9E B35 7135 895 9/95 1095 SRS
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APPENDIX 2 - Quiz Questions

* indicaesthat the results were statisticdly significant (lines srown in bold)

Note 1: The questions were predicted to favor either Tabular (T), LifeLines (LL), or Both (no red difference expeded). The adua results are based, per

guestion, on the mean time to answer and the number of incorred answers . The faster time to solution isunderlined . Actual results arerated as LL (advantage
LifeLine) or T (advantage Tabular) or Both (no winner). Significant results appea inbald (LL or T). For the other questions we still report on the LifeLine vs.
Tabular advantage trend. Some of the mean time differences are very large (up to 100 @ 150% difference) and are marked in upper case (LL or T), while small
advantages are maked in lower case (Il and t).

Note 2: Questions#10and #28are rated as “Both” for adual results becaise the LifeLine format had the fastest time but too many errors (a diff erence of more
than 1).

Note 3: Question #18and #21are rated as adual “Tabular” because both formats had similar times but Lifeline had far more erors.

Tabular LifeLines
Avg. Avg.
Predicted time, # time, #
# Question (note 1) Actual insec | wrong | insec | wrong
1 | Which closed case was open for thelongest time? (interval comparison) LL LL 18.97 4 867 1
2 | Inwhat month was the case of Arson closed? (approximate date) Both T 6.47 1 757 4
3 | How many cases are till open as of today 10/16/95? Both LL 943 1 575 1
(interval comparison with goodlocation clue in the table/Lifeline)
4 | What case started on 5/4/95 and ended on 6/29/95? (exact date) T t 6.55 0 8.75 3
5 | Onwhat date did the aime of Assault occur? (exact date) T t 11.70 4 1272 4
6 | Which 2 cases overlapped during June 1995 (were both adive & the same time)? LL LL 2090 0 849 0
(interval comparison)
7 | Inwhich month did Joe Smith have his last review for Arson? LL LL 1531 1 1084 1
(approximate date with goodlocation clue)
8 | A cdl wasreceved on 10/9/95referring to an adive cae. To which case would this T LL 20.62 10 1195 10
cdl be sciated? (exact date - multi ple table lookup)
9 | A letter wasreceved on 7/13/95. Which caseworker recaved that letter? T LL 20.12 1 948 1
(exact date - multi ple table lookup)
10 | Which caseworker has never been assgned to Joe Smith's cases? Both Both 14.48 3 1298 5
(single table, single alumn lookup) (note 2)
11 | Who has handled the majority of Joe Smith's cases? Both Il 6.78 0 503 0
(single table, single alumn lookup)
12 | Who was working with Joe Smith after he was found guilty of Auto Theft? LL LL 15.23 8 838 7
(multi ple table lookup)
13 | Which 2 cases went to Court? (multi ple table lookup - misleading location clue) Both T 15.35 3 1903 8
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14 | Which case(s) did Jones handle alone (for the entire case — from beginning to LL LL 38.56 9 1743 1
end)? (multiple olumn lookup in single table)
15 | Which cese did Green handle? (multi ple table lookup) LL Both 7.17 0 625 1
16 | How many months did Joe Smith spend at Cheltenham? (exact interval) Both LL 13.09 0 878 2
17 | Asof today (10/16/95) where did Joe Smith stay the longest? LL LL 14.08 1 639 0
(interval comparison)
18 | How many times did Joe Smith leare Cheltenham for Medicd Reasons? T T 11.04 1 1102 6
(multiple table lookup bu exact count with overlappng déaes) (note3)
19 | Who wasin charge of Joe Smith while hewasin Cheltenham? LL LL 11.44 1 434 1
(multi ple tables lookup)
20 | For what reason was Joe Smith sent to Cheltenham? LL LL 1213 1 640 0
(multi ple tables lookup)
21 | For what reason was Joe Smith sent to a Drug Rehabilit ation Program? T T 14.44 6 1635 10
(multi ple tables lookup - with ambiguous line overlap) (note 3)
22 | How many of the cases that Jones handled have gone to Court? LL LL 19.20 8 937 7
(multi ple olumn, single table lookup)
23 | Which aleged dff ense has the highest severity rating? T T 4.48 6 7.18 14
(singletablelookup - LL using thicknesscoding)
24 | What dedsion has been made @out Joe Smith'sinnocencein referenceto the case of Both I 1382 3 991 4
Drug Possesdon? (multiple aolumn, single table lookup)
25 | How longwill Joe Smith be staying at Waxter? (single table lookup) Both LL 14.65 3 791 3
26 | What type of a placement is Waxter? (single table lookup - LL using color coding) T T 5.41 2 1313 11
27 | During which case did Joe Smith have a critical M edical event? LL LL 13.60 0 672 0
(multi ple table lookup - date/interval comparison)
28 | How many new cases, placaments, and assgnments are there between 10/2/95 and Both Both 2559 11 1378 14
Today 10/16/95? (exact dates, multi ple table lookup) (note?)
29 | Whereis Joe Smith currently placad? (singe table lookup) Both Both 3.99 0 331 0
30 | For which case was there aReview on 6/15/95? (exact date - ambiguousonLL) T T 6.33 0 1064 7
31 | From theinformation gven on the display, would you say that Joe Smith's behavior: LL LL 1859 9 1345 9
improved over time, worsened over time, stayed the same, worsened, then improved, or
cannot determine
Total: | LL=12 | LL=18 42954 97 | 30202 | 135
T=9 T=9
Both=10 | Both=4
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APPENDIX 3 - Subjedive Questionnaire Items and Scores
SUBJECTIVE QUESTIONNAIRE:

PART A. Overal Readions:

1. Overal Readionsto the display: terrible wonderful
123456789NA
2. frustrating satisfying
123456789NA
3. dull stimulating
123456789NA
4. confusing clea

123456789 NA

PART B. Screen

5. Charaders on the computer screen were: hard to read ey toread
1234567 89NA

6. Screen layout makes the task: harder eadsier

1234567 89NA
7. Amount of information that can be displayed on the screen

inadequate adequate
1234567 89NA
8. Arrangement of information on screen: ill ogicd logicd

1234567 89NA

PART C. Terminology and Leaning

9. Terms were: confusing clea
1234567 89NA
10. Leaningto use the display was: difficult ey
123456 B9 NA
11 Leaningto interpret the information was difficult ey

1234567 89NA

Subjedive Questionnaire Scores

The foll owing results are based, per question, on the (1) total mean score on a 9-point Likert-type scde for eath
guestion in ead group (T or LL), and (2) a comparison between the expeded and observed results. A higher score
indicaes a better subjedive readion to the group.

Question T L "Better"
(not significant)

5.83 5.28 T
2 4.78 556 LL
3 45 6.33 LL
4 456 511 LL
5 5.67 633 LL
6 511 639 LL
7 6.22 672 LL
8 5.06 639 LL
9 6.22 5.39 T
10 6.06 667 LL
11 528 617 LL
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APPENDIX 4 - Reall Questionnaire Items

1.

oA WN

How many diff erent youth records were displayed during the red experiment (not including the pradice
sesdon)? (asked by the experimentor)

How many cases were there for Joe Smith?

Which was the longest case for Joe Smith?

How long was Joe Smith in Drug Rehabilit ation?

Approximately how many months ago was the last criticd event?

Approximately how long was the entire youth record?
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