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ABSTRACT affect a country’s economy. In particular for complex tasks, which

Many applications require comparison between alternative'®duire non-trivial problem solving and have no fixed route to
scenarios; most support it poorly. A subjunctive interface supportdh@lr solution, there is a need for what-if exploration of scenarios
comparison through its facilities for parallel setup, viewing and of interest, and for interfaces supporting comparison of those
control of scenarios. To evaluate the usability and benefits of thes§c€Narios [11,15].

facilities, we ran experiments in which subjects used both a simplayiany applications do support some degree of comparison between
and a subjunctive interface to make comparisons in a census dalgenarios: information visualisation interfaces [3] may be used for
set. In the first experiment, subjects reported higher satisfactionyyilding visualisations that highlight differences, and in direct
and lower workload with the subjunctive interface, and relied lessmanipulation interfaces [14] the user can explore alternatives with
on interim marks on paper. Subjects also used fewer interfacqhe help of immediate feedback and reversible actions. However,
actions. However, we found no reduction in task completion time, Terry and Mynatt [17] point out that most applications are still
mainly because some subjects encountered problems in using thghchored to a ‘single-state document model’, making parallel and
facilities for setting up and controlling scenarios. Based on afiexible exploration of alternative scenarios difficult. They suggest
detailed analysis of subjects’ actions we redesigned thethat new, generally applicable interface mechanisms are needed to
subjunctive interface to alleviate frequent problems, such asyjve users better support for experimentation, variation and
accidentally adjusting only one scenario when the intention was tQyajyation. Terry and Mynatt's work on side views [18] is one
adjust them all. At the end of a second, five-session experimenteffort towards such mechanisms, where users can create persistent
users of this redesigned interface completed tasks 27% morgreviews of the effects of commands, or ranges of parameters.

quickly than with the simple interface. Another effort is subjunctive interfaces [9,10], which help users to
set up, view and control alternative scenarios based on different
Categories and Subject Descriptors input-parameter values. To our knowledge, however, neither of
H.5.2 [Information Interfaces and Presentation]: User Interfaces -these approaches has been evaluated empirically.
Input _ devices and strategies, Interaction styles, Thjg paper describes two experiments that provide initial data on
Evaluation/methodology the usability of subjunctive interfaces. The experiments are based
on the browsing of census data, as one activity that would
General Terms naturally call for comparisons. We analyse in detail users’
Human Factors, Experimentation interactions with the subjunctive interface provided in the first

experiment, and identify some recurrent problems. A revised
design informed by this analysis is used in a second experiment,

KeYWO_rde , . ) L . which also investigates how longer-term use affects users’
Subjunctive interfaces, information visualisation, usability study, performance with the subjunctive interface.

iterative design and evaluation
Next, we give an example of a subjunctive interface and discuss
INTRODUCTION related work. Then we present the two experiments, and conclude

Few things in life can be evaluated in isolation. Comparison ofby briefly discussing the results.

alternative scenarios is indispensable, for example in information

exploration, when comparing travel plans that use differentA SUBJUNCTIVE INTERFACE

airlines; in design, such as when investigating the influence ofWe introduce the principles of subjunctive interfaces through a
image placement on the layout of a web page; and in simulationdescription of the two census browsers that we compared in our

when testing how alternative population growth scenarios wouldfirst experiment. Figure 1 shows a browser based on the
‘simultaneous menus’ interface used in [8], for browsing data on

Permission to make digital or hard copies of al or part of this work for commercial activity in the state of Maryland. The data set contains

personal or classroom use is granted without fee provided that copies are 828 records, holding the statistics for nine industry areas in each
not made or distributed for profit or commercial advantage and that of twenty-three counties over four successive years. Each record
copies bear this natice and the full citation on the first page. To copy specifies the number of employees, the number of establishments,
otherwise, to republish, to post on servers or to redistribute to lists, and the total annual payroll. The user specifies a record by making
requires prior specific permission and/or afee. selections in three menus (1.1 to 1.3); the statistics appear as
AVI'04, May 25-28, 2004, Gallipoli (LE), Italy results in area 1.4.
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the subjunctive interface, the years can be set up in parallel
scenarios. Panels b and c in Figure 2 show how a user sets up new
scenarios as copies of existing ones.

Counties: Years: 1 3

L4

Industries: 1 2

Blisgany

Second, the scenarios should be viewable simultaneously, in a way
that helps the user to compare them and to see which values
belong to which scenario. With the simple interface, comparing
census results requires the user to remember result values. In the
subjunctive interface, the results appear side by side; Figure 2a
shows four scenarios (for two counties in each of two years).
Correspondence between the menu selections and the results for
each scenario is shown by position and colour cues in the result
14 805 22594 148 displays and in the markers next to menu items.

Data:

Employees Annual Fayroll ($1000°s) Establishments

Third, the user should be able to control scenarios in parallel, so
that an adjustment to an input parameter can be applied to more
Figure 1. The simple interface for browsing census data. It is than one scenario at a time. In census browsing, the input
based on the simultaneous-menus design that was shown in [8] parameters are the menu selections. With the simple interface, a
to be more effective than sequentially presented menus. Fora change to a menu selection affects the only scenario; in the
selected county (1.1), industry (1.2), and year (1.3), the results  subjunctive interface, the user may affect multiple scenarios with

area (1.4) shows the number of employees, total annual each change. The user can select which scenarios are ‘active’,

payroll, and number of establishments. meaning that mouse operations will affect them. In Figure 2a the

bottom two scenarios (those for 1994) are active; if the user
gvishes to change the year of these scenarios to 1996, this requires
just one click on 1996. Additionally, by holding down the Alt key
the user can force all scenarios to be changed at once; for example,
changing them all from Construction to Manufacturing with a
First, the user should be able to set up multiple, independensingle Alt-click on Manufacturing.

scenarios that may be mutually incompatible. When browsingThis is just one example of a design implementing the three

census data, a scenario comprises a set of selections (county,.” . . i .
industry and year) and the display of the corresponding results.ighnc.Iples of a subjunctlv_e interface. O_th(—':r f':lpproaches are
ossible, such as overlaying the scenarios’ displays or using

Say a user wants to compare the results from different years. VVit@ifferent visualisations of the results. For descriptions of such
the browser in Figure 1 (referred to in our experiments as the esign choices see [9.10] ) P
‘simple interface’, because it supports just one scenario), the useq 9 Bk

must click each year in turn and read off that year’s results. With

Figure 2 shows a subjunctive interface for browsing the same dat
set. lts facilities exemplify the three principles of subjunctive
interfaces, as follows:

Counties: Industries: Years: Years . Years .
Allegany Dorchester Queen Anne's ricultural Services, Forestry, and Fishin = 1993
Anne Arundel Frederick Saint Mary's Construction 1994 | ] | |
= 1993 1993
: Baltimerse Garrett, mersst Finance, Insurance, and Real Estate 1965
Calvert Harford Talbot Manufacturing 1996 m _» IE 24
“ . | | |
arcline Howard Washington Mining.
Carroll Eent Wicomico Bstail Trade
2.2 19 2) m 9%
Cecil Montpomery Wotcester Services
Charles Prifce George's Transportation and Public Utilities B 15;(;6
Wholssale Trade
Data:
Employees Annual Payroll ($1000's) Establishments
2 R 1 805 22,594 148
17,562 510,191 2,043
1,102 26,420
18,242 553,007 2,042

Figure 2. The subjunctive interface, with four scenarios holding the Construction statistics for both Allegany and Baltimore, in
1993 and 1994. Correspondence between menu selections and result values is indicated with position and colour cues in the result
displays (2.1) and the markers next to menu items (e.g., 2.2); for example, the values 805, 22594 and 148 at the top of the result

displays are for Allegany in 1993. The bottom two scenarios are currently ‘active’, i.e., affected by mouse operations. Panel b
shows the user copying these two scenarios, by clicking and holding the mouse on 1995 and selecting the copy icon at top right in
the resulting pop-up; panel c shows how the Years menu will appear with the new scenarios for 1995.
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RELATED WORK H2: Users will complete tasks with fewer mouse clicks when
Our general concern can be seen as helping users to place USINg the subjunctive interface [10]. As a consequence, we

alternatives into context. This concern arises in many fields within /SO €xpect users to be faster with the subjunctive interface.
HCI, e.g. in information visualisation [3] and direct manipulation H3: Users will have higher satisfaction with and prefer the

interfaces [14]. For viewing and comparing alternatives within subjunctive interface. In particular, we expect users to
tabular data, for example, interfaces such as Polaris [16] provide  appreciate the direct on-screen comparisons possible with the
rich facilities for constructing and reconfiguring the table. The subjunctive interface.

Table Lens [12] lets a user visualise chosen rows relative to eaclys: Users will report lower mental workload using the
other and to the full range of values in each column. These tools,  sybjunctive interface, because they do not have to remember
however, are limited to data suitable for row-and-column display, the values that are to be compared.

while a subjunctive interface can handle alternatives for any input

or display region in an interface. Subjects

Tools such as the Attribute Explorer [20] and Spotfire [1] project Twenty paid subjects participated in the experiment: sixteen men
numerical or ordinal data onto a two-dimensional graphical layout,and four women. Subjects were recruited among students and
and provide interactive controls that allow a user to highlight datafaculty, and had a mean age of 32 years.

elements or ranges. Comparison is supported by the user’s ability

to switch the display rapidly and reversibly among different Tasks

settings for the highlighting. Such dynamic switching is good for
9 gh 'ghting 4 9159 The tasks reported in [8] were all simple two-case comparisons,

drawing attention to subtle distinctions, especially along some ; .
continuous range, but in other cases comparison may be bettdf@t on average could be solved in about 30 seconds. For this
supported by simultaneous, side-by-side presentation of a set gxperiment we defined more complex retrieval and comparison

key cases. Tufte [19] supports the use of replicated ‘multiples’ that@Sks; of the following three types:

show different values using similar format, saying that ‘Multiples |ntra-set comparisonThese tasks require pair-wise comparisons
directly depict comparisons, the essence of statistical thinking'petween many combinations of the records in some small set. For
(p- 105). Roberts [13] likewise recommends view multiplicity in example, one task asks: ‘Considering Wholesale Trade in [five
computer interfaces as a way to encourage users to try ouamed counties] in 1993, find how the counties are ordered in
alternatives. Using multiples allows a subjunctive interface to layterms of number of Employees. In order from fewest Employees
out scenarios for comparison, even when the elements to bgy most, what are the Payroll values for these counties?’

compared, such as text blocks or complex graphical views, have o o
no default, readable way of being arranged within a single two-Iterative examinationThese tasks call for examination of records

dimensional view. that lie in a repeating pattern. For example, ‘In 1996, for which of

) ) ) ) o the industries do [three named counties] all have 1000 or more
Design considerations for subjunctive interfaces are related toEmployees?’

those for multiple view visualisations [2]. The Information

Visualization Spreadsheet [4] brings the principles of numerical lterative comparison: These tasks are similar to iterative
spreadsheets to the building of visualisations; like in a normal€xamination, but call for comparison between the records rather
spreadsheet, setting up parallel views to show independenthan merely checking whether each record satisfies some criterion.
derivations is just a matter of copying the cells that make up the=or example, ‘In which counties does the Payroll for Wholesale
derivation chain. Our subjunctive interface for census browsingTrade fall in every year from 1993 to 19967’

can be seen as a specialisation of such parallelism, where insteawe expected that, for each task type, appropriate use of the
of providing general-purpose, copiable cells we augment SpecifiCy, i nctive interface would provide some benefit over using the

display re'glorl15 (the Lnenrl:s and the displays) to allow one or morgjy e interface. For intra-set comparisons the benefit is merely in
scenarios’ values to be shown. being able to keep values on view rather than having to remember

The menu markers and result displays in our subjunctive interfacéhem or write them down. For iterative examinations and
use correlated layout and colouring to reveal which scenarios hav€omparisons, the iteration can be performed more efficiently if the
which values. These cues are similar to the use of brushing antser first sets up scenarios that express the repeating pattern
linking within other visualisation systems (e.g., Visage [6]), where required by the task.

a data object coloured by the user in one view carries that same

colour wherever else it appears. Design and measures
We used a within-subjects design, where each subject first solved
EXPERIMENT #1 a set of nine tasks (three of each of the above types) using one

Our overall goal was to evaluate the usability of subjunctive interface, then solved another nine with the other interface. The
interface facilities in tasks requiring comparison between order in which subjects used the interfaces, and the order of the
scenarios. For this experiment we therefore asked users to perforfWo task sets, were systematically varied; each subject was
a variety of pre-defined comparison tasks, using each of the twa@ssigned randomly to one of four groups determining these orders.

interfaces described above. We formed the following hypotheses: The independent measures are the two interfaces (simple vs.

H1: With the subjunctive interface, users will rely less on writing subjunctive), and the three task types. The dependent measures are
interim marks and notes, e.g., to keep track of the results ofhe following:
interest or of progress in performing a complex task. This
hypothesis reflects the goal of information visualisation to
amplify cognition through support of external cognition [3].

accuracy in answering tasks, measured as the percentage of
tasks correctly answered;

task completion times, excluding time to read the task;
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e subjective satisfaction, measured by five questions from the
Questionnaire for User Satisfaction, QUIS [5];

. e B supiunctive |
« experienced mental workload, measured by NASA's task B Simple interface Subjunctive interface
load index (TLX) questionnaire [7]; 8

« preference, measured by asking at the end of the experiment ]

which interface the subject preferred. 6

We logged with time stamps all interface actions (mouse clicks 5 |
and keystrokes) performed by the subjects. A
Procedure 31
Upon arriving, subjects filled in a questionnaire with background 2 -
information. Next, they received a standardised oral explanation of

how to use the interfaces, and completed four simple training tasks: Terrible-  Frustrating- Dull- Confusing- Rigid-

Any questions or misunderstandings brought up at this stage were  wonderful  Satisfying Stimulating Clear Flexible
resolved. In all, training took an average of 29 minutes.

For each interface, subjects received one task at a time on a piecd 19Ure 3. Subjective satisfaction with the interfaces. On all

of paper on which they could also write the answer. Subjects could .q;JE?tIOI‘]S trr:_err:e exists a S|gn|_f|(;,a(rj1t d't‘;fffe”_f;_e betweden
request clarification of what information the task demanded, but nterfaces (high scores associated with positive words).

not of how to find or record that information. They were given a

maximum of eight minutes for each task; if the task was notAccuraCy

completeq after this time, the_subject was asked to move on to th e find no overall difference in accuracy between the interfaces,
next. Subjects could also decide to abandon a task. Out of the tot 1,19)=1.14, p>3. With the subjunctive interface, subjects

360 tasks, two were abandoned and one timed out; these three( . . ;
! ! 0, . 0,
cases have been excluded from the statistical analysis. correctly answered 86% of tasks; with the simple interface, 89%.

Having completed all the tasks for an interface, subjects wereNlumber of marks written
given five questions from the QUIS [5] and an opportunity to

. \ In the course of answering a task, subjects using the simple
comment on that interface. Next, they completed NASA's TL).( interface made more marks on the paper than subjects using the

gubjunctive interface, F(1,19)=17.32, p<.001. Counting as a single
mark anything with an isolated meaning — whether a simple tick or
After using both of the interfaces, subjects wrote down which & written data value — subjects using the simple interface made

the two interfaces, subjects were given a five-minute break.

interface they preferred and why. 2.62 marks per task, compared with 0.83 marks for the subjunctive
interface. Furthermore, marks were only used in approximately

. i . R i .
RESULTS OF EXPERIMENT #1 10% of tasks solved with the subjunctive interface, as against 32%

with the simple interface. Note that when explaining the

Table_ 1 and figures 3 and 4 summarise the outcome _Of theexperimental procedure to subjects we did not mention the option
experiment. Below we analyse each dependent variable in turrye making extra marks on the paper

using analysis of variance with repeated measures.

Efficiency - Number of interface actions

Simple Subjunctive Overall, the data confirmed our hypothesis that the subjunctive

interface interface interface would require fewer actions for task completion,

(N=180) (N=177) F(1,19)=81.71, p<.001. On average, subjects with the subjunctive
Percent correct answers 899% (31) 86% (35) interface used 22 actions to complete a task; with the simple

interface, subjects used 34 actions.
Number of marks written on

paper* 2.62(4.74) | .83(2.84)

Efficiency - Task completion time

Number of interface actions* 341(213) | 219(16.0) We find no significant difference in task completion time,

Task completion time (s) 135.0 (64.2) | 138.4 (72.2) F(1,19)=0.3, p>.8, so hypothesis H2 is not confirmed. On
analysing individual tasks we find differences for three tasks of
(N=20) (N=20) the most complex type (iterative comparisons). Of these, two are

solved 48% and 90% more quickly with the subjunctive interface,

Preference* 2 18 while conversely the third is solved 56% more slowly with the

subjunctive interface.

Table 1. Usability and usage differences between interfaces. ) ) .

Parentheses give the standard deviation. Asterisks indicate ~ Notably, the lower number of interface actions with the
significant differences with p<.001. subjunctive interface does not lead to lower task completion times.
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@ Simple interface L Subjunctive interface B setup O check O iteration O writing

T3

13
11 *

Mental Physical Temporal Effort Performance Frustration
demand demand demand

Figure 4. Workload with the interfaces, measured by TLX [7].

A significant difference that favours the subjunctive interface . I I
was found for the four questions that are marked with 0 100 200 300
asterisks (high scores associated with high workload). Timels

. i i . Figure 5. Timing for ten subjects’ solutions of an iterative-
Subjective satisfaction examination task using the subjunctive interface. Using the
Eighteen subjects preferred the subjunctive interface and tw: interface logs we have divided progress into four commonly
preferred the simple interface — a highly significant and large seen phasessetup to create the scenarios for iterationpheck
differencex’(1, N=20)= 12.8, p<.001. to confirm by inspection that these scenarios reflect the task
instructions; iteration when iterating over the required range;

and writing between the last interface action and asking for
the next task. The y axis associates subjects with five kinds of

strategy (a to e) that were pursued. The box plot at the top
shows the times for solving this task with the simple interface.

Figure 3 summarises the responses to the subjective satisfacti
questions. On four questions the subjunctive interface is rate
significantly higher than the simple interface; on one question
(how confusing or clear the interface is) the simple interface i<
rated higher. All these differences are significant using pairec
t-tests with Bonferroni adjustment (terrible-wonderful: t=-5.25,
p<.01; frustrating-satisfying, t=-5.40, p<.01; dull-stimulating, However, although the average number of interface actions per
t=-5.42, p<.01; confusing-clear, t=3.61, p<.05; rigid-flexible, task was significantly lower for the subjunctive interface, the task
t=-7.96, p<.01). completion times relevant to hypothesis H2 were less conclusive.

Experienced mental workload It seems that the overall reason for the subjunctive interface’s poor
On NASA’s TLX, subjects assessed the subjunctive interface adimings is that many s_ubjects enco_untered difficulties in u_sing it.
requiring less workload on all dimensions (see Figure 4). Overall FTom notes taken during the experiment, and later analysis of the
there is a significant difference between interfaces, suggesting thaietailed interface logs, we define difficulties of two kinds: strategy
the subjunctive interface requires less mental workload,formation problems, and strategy execution problems.
F(1,19)=12.14, p<.01. Individual tests show significant differences

for the item on mental demand (t=2.51, p<.01), physical demandStrategy formation problems

(t=3.45, p<.01), temporal demand (t=2.27, p<.05), and frustrationTo solve a task efficiently, the user must first decide on a good
(t=3.15, p<.01). strategy for using the available interface. When using the

. . . aubjunctive interface, many subjects had difficulty figuring out a
The comments given by subjects on post-experiment open-ende od way to use its relatively complex facilities. In particular
questionnaires confirm the above results. Ten subjects commentetl o y 1o ; ey P : ' parti '
: P . . —gptimal solution of the iterative tasks requires understanding the
that the subjunctive interface supported easy comparison, requ|r98

X . L Snractice of setting up scenarios that differ in one parameter, then
less remembering of values and helped to avoid writing value .
Iterating all of them through the values on a second parameter.

down. One subject wrote: ‘it was clearly an advantage to be able
to see more [values] at once, so that you did not have to do mathg/e illustrate some of these problems by showing the solution
in the head or count using your fingers’. Similarly, four subjects efforts on one task that elicited a wide range of successful and
commented that the main drawback of the simple interface was th@nsuccessful responses. The task was: ‘Anne Arundel, Carroll,
need to remember. Another frequent comment, made by sevemarford and Howard are four counties in the region called Central
subjects, was that they had too little time to learn the subjunctiveMaryland. In 1996, which of these counties had over 10,000
interface. For example, one subject said 'l felt that | need moreEmployees in three or more of the industries?’ Figure 5 shows the
time to be familiar with the [subjunctive] interface to be able to timing for the ten subjects who tackled this task using the
work faster and have a higher satisfaction’. subjunctive interface.

For this task, an effective strategy is to create a nine-scenario
DISCUSSION OF EXPERIMENT #1 display showing the records for all the industries in one county.
Three of our hypotheses were confirmed. Subjects using therhe nine Employees values can rapidly be checked by eye to see
simple interface relied more on pen and paper to remember valueghether three or more meet the required criterion, and the entire
and to organise their search, confirming H1. Subjects preferred thgjisplay can be iterated through the other counties. Just two of the
subjunctive interface and reported markedly lower mentalten subjects (al and a2 in Figure 5) devised this strategy from the
workload with that interface, confirming H3 and H4 respectively. outset and successfully pursued it to find the correct answer.
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A less convenient strategy is to create scenarios for each of thEXPERIMENT #2

counties, then iterate that pattern through the industries. Thes hiects in Experiment #1 commented that, in the brief time they
subject must keep a mental or written record of whether threg seq the subjunctive interface, they could not become competent
qualifying Employees values have been seen yet for each countyyiih i, The strategy formation and strategy execution problems
Unfortunately, seven of the subjects began their approach to thig,a¢ e observed may therefore not be persistent. To investigate
task by creating this four-county setup. One subject (b)his we conducted a second experiment in which subjects used a
successfully carried the strategy through just using his memory,eqesigned version of the interface over five sessions. Our main

Two others (c1 and c2) set up the four county scenarios therhhqthesis was that, over sessions, the subjunctive interface would
paused, reset the interface and restarted using the nine-industiya;ome significantly faster than the simple interface.

approach instead; this is seen in their long setup times but short

iterations. Four subjects (d1 to d4) did not make this strategy,

switch, but apparently tried to adapt the four-county setup to keegNt€rface changes

on view the records that turned out to meet the task criteria. Thisthe subjunctive interface for Experiment #2 incorporates several
was not a effective strategy. Of these four subjects, d4 eventuallghanges to address the execution problems described above. The
abandoned the task; the others ended up iterating multiple timegnain changes are as follows:

as they might have done with the simple interface. One subject (e)

pursued an unusual task-specific strategy, creating scenarios tgVhich scenarios are affected by a mouse click

hold what had turned out to be the largest industries in the firstthe yse of active scenarios and Alt-clicks has been replaced by a
examined county — presumably in the hope that these would alsgnechanism based on highlighting just one of the item markers

give a quick positive answer for other counties. within each menu. Two rules now determine which scenarios are
affected by a click on a menu item: (1) When there are no item
Strategy execution problems markers in the menu (because none of the items has been selected

In many cases, subjects who had apparently thought up aiet), a click affects all scenarios; (2) Once the menu has some
effective strategy then ran into difficulties in executing it. Selections, a click affects just the scenarios corresponding to the
Problems of this type might be regarded as being specific to th&urrently highlighted item marker. The user can highlight a
census browser, but where they relate to its scenario-handlinglifferent marker by clicking on it.

facilities they reveal issues relevant to any subjunctive interface.

The most common problem was when a subject intended an(how to fcgpy Scegadno‘lc“ fthe i K . .
expected a single mouse-click to affect all scenarios (for example/*S Part of the expanded role of the item markers, scenario copying

to change them all from one industry to another), but the click!S Now performed by dragging a marker from one menu item and

only affected one scenario. As described earlier, Alt-click affectsdroPPIng it on another while keeping the Ctrl key pressed. This

all scenarios, but otherwise a click only affects the scenarioscopies all the scenarios in that marker, and selects the drop-target

currently selected as ‘active’. Subjects often failed to notice which!l€M'S value in the new scenarios. For consistency, dragging

scenarios were active, and failed to use the actions they had beé/ﬁithom pressi_ng Cul a_Iso has a r.“ea”ingi as Fhe MOUSE passes
taught for changing that selection. over an item, its value is selected in the scenarios of the dragged

marker.

Exacerbating this problem, sometimes subjects simply did not

unders_tand what the interfa_ce was showing. One_ source Obisplay of empty scenario results
confusion was the way of displaying ‘empty scenarios’ — e,
scenarios that lack a selection in one or more of the menus, an
therefore have no results. For example, a subject might start a tagk
by creating four scenarios that have different years, but no county,
or industry selection as yet. Then clicking on the county and
industry menus without using the Alt key would set values in a _. . . .
single active scenario, leaving the other three scenarios emptyPisplay of identical scenario results

Subjects were confused to see result views that each contained oftesults from multiple scenarios are laid out in full, even if their
number and three blanks. values happen to be identical.

stead of blanks, the result displays for an empty scenario show
xtual prompts (e.g.,Industry? Year?’) to help the user
derstand what selections are still needed. This change was also
pplied to the simple interface.

Confusion also arose because of a design decision that a reSLg bi
display should show just a single value, full size, if all scenarios u JeCtS_ . . . .

contain that same value. In theory this can save the user effort ip€Ven Subjects who participated in the first experiment and who
recognising when a value is the same in all scenarios, but ivere willing to participate again were paid to take part.

practice subjects were sometimes confused if they set up multiple

scenarios that just happened to be identical. Why wasn't theDesign and procedure

interface showing multi-valued result displays? The experiment consisted of five sessions, each separated by at

Finally, a number of subjects misunderstood that once a selectioff@St @ day. As in Experiment #1, subjects used both interfaces in
is made it cannot be cancelled, but only moved to a different valugach session. In Session 1, subjects were trained and completed
Subjects who made an unintentional selection sometimes tried t§IN€ tasks with each interface. Sessions 2 to 4 were completed at
remove it by pressing the Delete key, which has a morePlaces of the subjects’ choosing. They received a CD with the

destructive effect than was probably intended: deleting one orsoftware together with stapled task sets containing nine tasks for

more entire scenarios. This is indicative of the general problemaCh interface. In Session 5, subjects came back to the lab and

that the subjects were not sufficiently proficient with the interface COMPIeted the tasks and the satisfaction questionnaire used in
to correct mistakes or slips when they arose. Experiment #1.
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CONCLUDING REMARKS

Subjunctive interfaces support parallel setup, viewing and control
of alternative scenarios, and can therefore be expected to benefit
tasks requiring inter-scenario comparison. Through two usability
studies we have shown that, with careful design, a subjunctive
g interface can indeed give large, statistically significant
performance benefits for comparison tasks. The studies show that
subjects preferred the subjunctive interface over the original,
simple interface, and rated it as being more satisfying to use. With
the simple interface subjects also depended more on writing down
or remembering data, as suggested by more interim marks made
on paper and by the higher mental workload reported. After
0 ‘ ‘ several hours’ experience with both interfaces, subjects were
! 2 y 4 5 Experiment completing tasks 27% more quickly with the subjunctive interface
than with the simple interface.
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As comparison of alternative scenarios is indispensable in many
applications, we believe that software designers in general should
consider extending their applications based on subjunctive-
interface principles. Often such extension would require just an
upgrade of the existing interface, not a full replacement.

Figure 6. Task completion times in experiments 2 and 1. Error
bars indicate standard error of the mean. Each session
consists of N=126 observatior

One goal for further empirical evaluation is to see whether

The tasks used for Sessions 1-4 in Experiment #2 were similar t er?(ffli(te)f(r’opmofr?:ebIyro(i/riiﬁlr:/?)ftzsgjb!3?1238ehir?$errsfa?::e'd:zgtrftgrnisaizo
those used in Experiment #1. To avoid subjects simply P ) ’

remembering the answers to tasks, we constructed four sets osfgﬁ]);r?ggre C[L?Jsrfr:)érusﬂ:veﬁgcﬁlggf toofcre‘gheb.32&3:%{2%2&"9
tasks with the same structure as in Experiment #1 but concernin echanishs should addressp how thev can Jscale 0 support
different counties, industries, years, and kinds of comparison (e.g.a y PP

finding the year with the highest payroll instead of the lowest). ctivities of greater complexity — larger numbers of input
parameters and choices on those parameters, and larger numbers

of scenarios to be displayed simultaneously.

Tasks

Results of experiment #2
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