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change, as well as how tasks
. Finally, we present suggestions for
how to evaluate the succ arge ‘interactive displays and multi-display
environments in collabol ﬁ work envr onments based on our findings.
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migrate among different displays,

1 Introduction <<<’}
3 Netional Aeronautics and Space Administration (NASA) landed
on the surface of Mars for the purposes of collecting scientific
fg the terraln composmon and atmosphere of the planet The Mars

The gns of the rovers as well as the data that they collect are guided by mission
scientists and engineers, and the mission is based at NASA Jet Propulsion Labs (JPL) in
Cdlifornia. To coordinate their activities, scientists and engineers employ a variety of
tools for collaboration and information sharing. In the group workspaces designed
specificaly for the MER Missions, shared displays, including large projection screens,
large interactive plasma displays, and shared workstations with multiple monitor setups,
are ubiquitous. Together, these surfaces form a “display ecology,” in which the uses of
individua displays influence the roles of others, despite not having been designed as a
unified, seamless system. Of particular interest to us is the MERBoard [14], an example
of an emerging class of pervasive computing technologies comprised of interactive large



multi-user display systems. Although many such systems have been designed, deployed,
and studied in a variety of settings in recent years, the NASA MERBoard system,
designed and deployed specificaly to support MER Mission science tasks, is unique in
its complexity and the extent of its deployment in authentic work settings.

Unlike many other large interactive display systems, MERBoards were deployed to
support specific, time-dependent work tasks of real users (Figure 1). MERBoards were
integrated into a fast-paced, round-the-clock and often hectic work schedule to support
necessary tasks; thisisin contrast to many systems that have been deployed primarily in
research or test environments as supplemental support for collaboration, rather than a
primary medium for accomplishing work tasks. Additionally, many MER ds were
deployed in pardlel, with 18 of the displays in use at JPL during the i 'ti?lg‘wths of
the mission, whereas other research prototypes have often been sing*!gh the
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technology or deployed in small numbers. Finaly, unlike manysothes, lakge display
groupware systems, MERBoard has been integrated into a onment that
contains many display aternatives, including several other larg options. All of
these factors led us to investigate not only how usersinterget ERBoard, but

also address the greater issue of the role of interactive {; roupware within

highly dynamic, complex display ecologies.

and the MER mission display environment in which we uncover an ebb and

flow of large display use as collaborative tasks and practices evolve over time. Our

findings suggest that:

e Large interactive displays are valuable as interactive support for exploratory tasks
for which procedures are ill-defined; as tasks become proceduralized, these displays
can be useful sources of ambient information.

e Tasks migrate among displays within a display ecology as tasks and collaboration
styles change; this migration is deeply influenced by the other displays in the
environment and their respective affordances.



e Evduation should be based on how well and flexibly the entire ecology of displays
supports work tasks, rather than a smple measure of use or disuse of individual
displays or applications within the environment.

In the following sections of this paper, we present background information on the
MER missions, MERBoard, MER display ecology, and related research. We then present
our findings regarding the adoption evolution of use of severd MERBoard functionalities
within the context of the display ecology. We follow this with a discussion of the
implications of our findings for design and evaluation of large interactive display systems
and multi-display environments. ;

2 Background on MER Missions

The gathering of scientific information on the MER missi led highly
dynamic procedures, especidly during the “nomina mission A" three months
following the rover landings. Working on a 25-hour ¢ th of a “Sol”, or
Martian day), teams of scientists and engineers woulk

downlink data from the rovers and Martian satelfit gthe next course of action
for the rovers as well as what data should bejeollegted Hektzbased on this information,
convert these decisions into sequences qQ ons for the rovers, and send this

information to the rovers via the data uplin h of the steps in this cycle was highly
collaborative, and required significant igf between groups of collaborators
working on various steps of the m as among group members working

together on asingle task.
Scientists and engineer:

and Rock Physcd o‘ :.‘ [ ..‘ and Long Term Planning. These groups were responsible
of. the mission, such as analyzing the data gathered by the

rovers, decidi 1 ;g data goals and exploration should be pursued, and
determinipy relaively high level what course of action the rovers should take. In
contrast, vere responsible for the more tactica aspects of the mission,
incl m|n|ng the rovers exact sequences of action, controlling the instruments
o rovers, sending the information to rovers, and collecting the downlink data.

on to the distinct responsibilities of the scientists and the engineers, there
were several other differences between the two groups that affected collaboration.

For example, the engineering teams consisted primarily of NASA staff and contractors
who were resident at JPL; many of them had collaborated previously on other missions.
In contrast, while some of the scientists were aso NASA employees, the majority came
from other institutions all over the country and were working together for the first time.
Furthermore, from the standpoint of the engineers, the tasks in which they engaged bore
resemblance to their tasks for previous NASA missions. For the scientists, the tasks that
they engaged in were highly novel and bore considerably less resemblance to the
scientific activities of other NASA missions. For these reasons, work relationshipsin the
science teams were more dynamic and practices |ess established and proceduralized than



those of the engineering teams. This was particularly true in the nominal mission, thus
affecting the ways in which collaborative technol ogies were used and adopted.

During the nomina mission, all scientists working on the mission were resident at JPL,
with al of the science theme groups for each mission collocated within large science
assessment rooms. Within these rooms, each theme group had its own area, each with a
MERBoard, severd workstations, and two projection screens. Additionally, there was a
MERBoard and a pair of projection screensin the front of the room used for presentations
and mestings. At any given time during the nominal mission, severa dozen scientists
were present in the space; this number decreased steadily after the end of the nominal
mission. Engineers worked in teams in severa other smaller spaces at JPL.including
Mission Control and Sequencing areas. These rooms had different ¢ mns of
displays, with at least one MERBoard and one projector; some had multip

returned to their home institutions and began to work remotely; s Ctivities were
distributed across JPL and other laboratories, while the engi ing
take place a JPL. As the mission was further extended, stier
increasingly distributed.
Prior to the start of the mission, many of the scientist

!’mulated mission activities,
and exposed to the tools and
§on including the MERBoard.

Operation) trids. During the exercises, the teans
on a compressed time cycle. They were al&
systems that they would be using duri ng

Table 1. Summary of the ME@ fun alities focused upon in this study

Functionality | Intended Usersé’| Tool Su

SolTree Tool Scientists Tool for bunldlng graphical tree structures to represent
' fypossible next actions for the rovers. Plans were visualized
}nod&s paths, and branches with annotations to keep
track of information associated with each plan. Plans,

also called “Sol Trees,” could be saved, and later modified

Whiteboard

Tool for authoring documents and images with stylus for

freehand drawing and writing, graphical tool palette, or a

keyboard as input. Content on personal machines could

be put into a shared directory and accessed on
Ry MERBoard. Whiteboard content could be saved and

< ; retrieved. A tabbing mechanism permitted switching
- : between multiple boards.

Mars

Scientists, Full-screen, persistent clock that displayed the current
engineers Earth time at JPL, Mars time for the Spirit rover, and
Mars time for the Opportunity rover.

Schedules Scientists, MERBoard could be used to access and display CIP
engineers (Collaborative Information Portal) and other schedules,
which showed the daily schedule of deadlines, meetings,
and events.

MERBoard hardware consisted of 50" 1600x900 resolution plasma screens with
touchscreen overlays. Developed specificaly for the anticipated needs of MER
scientists, MERBoard provided several functionalities to support collaboration and work




tasks [14]. In this research, we focus on a subset of applications (Table 1) and how their
use evolved in the context of the multi-display environment. The functiondities
presented below represent a cross section of the applications available on MERBoard,
spanning passive to interactive value, providing both freeform and structured support.

3 Related Research

Our evauation of the MER mission display ecology was designed to complement an
earlier observation-based evaluation of the MERBoard conducted by the des of the

system [13]. This study examined the knowledge and data manag tices
surrounding document creation and use on the MERBoard, where: ght to
focus more generally on users’ perspectives of the tasks, tools, and ractices

over time, aswell asthe interplay among the many situated displa 0 .
Severa other interactive multi-user display systems and.mu ysenvironments
have been designed for the purposes of supporting wor
Like MERBoard, systems such as BlueBoard [10] and T ,
gr posti[8] offers scaffolding

tools for the purpose of supporting preliminag sbsite design. Tools such as

display environments with afocusag@o /userséan interact across the displays. These
systems and environments have been M ed primarily in laboratory studies, used
only in research settings (oftefi the home laboratories of the researchers), or in limited-
term experimental trials. Wh e evaluations of these systems have yieded valuable
findings regarding the ¥&lue and of large interactive displays for supporting group
work [4], we still Iacls g&p understanding of what role these systems play in natural
work environmet ‘

ve){5] included position papers that identified common types
nmts [11], as well as technica design considerations for such
elieve our work builds upon the existing research by providing

4 Study Description

This study was designed as a summeative inquiry into the overall value of the MERBoard
and other display technologies used in the mission, as well as a reflection upon how the
roles and perception of these tools changed over time. The study was designed to
complement earlier field studies conducted by the designers of the MERBoard, which
focused primarily on MERBoard interaction in the early months of the mission, following



their initia deployment [13]. The primary motivation for conducting an evauation
retrospectively, after much of the collocated collaboration had ended, was to understand
the overall impact that the displays had on the mission and work activities as a whole;
understanding the users' perception of the system on the mission in generd alowed usto
make design recommendations that are currently being used to influence the design of
new iterations of thetool for other NASA workgroups and future missions.

We conducted semi-structured interviews with sixteen scientists and engineers on the
MER Mission project, as well as initial background interviews with six NASA
researchers involved in the origina design and deployment of the NASA MERBoard.
Two of the scientist interviews, as well as all of the designer interviewsttook place
onsite a NASA laboratories, while the remaining interviews with, scieftis
engineers were conducted over the telephone. All interviews lasted 30:and 60

minutes. Interviews with scientists and engineers took place betw: d sixteen
months after the start of the mission, and were conducted by a 0 had not
been involved in the origina design or deployment of the: ads, and was

otherwise unaffiliated with NASA. qflh

In this section, we present an overview of i » e M ERBoard within the context
of the display ecology. Because the fu a
some unique uses and patterns of evolutis )
individual applications, and descri overarchit g themes and genera implicationsin
the sections that follow. 4’? 4}

5.1%0lTree

Iy mentioned by MERBoard designers and MER Scientists
able on the MERBoard early in the mission. Used regularly
#thefirst 70 Sols of the MER missions for planning activities
g Term Planning (LTP) theme group, SolTree can be considered
Kifter-app” provided by MERBoard.
of astructured scaffolding tool on ashared display surface entails several
: it assumes that the task that it supports will be done by a group of people,
' nindividual . It also assumes that this collaboration will be synchronous and
co-Iocat in such a way that a shared visual surface will be beneficia to the
collaboration. Additionally, the design of this tool assumes everyday or near-everyday
use during the mission, since it was intended to support planning on a Sol by Sol basis.
We found that these assumptions did not hold throughout; the nature and timing of the
Sol planning task evolved over the course of the mission, as did the type of
collaboration used to accomplish the task. The evolution of task and practice eventualy
caused Sol planning to migrate off of the MERBoard entirely, as the scaffolding
provided by the tool and the shared visual surface offered by the large display ceased to
fit the task in the later part of the mission. For this reason, Sol Tree unexpectedly proved



to be most effective as a “ramp-up” tool, rather than the steady-state support tool for
daily use for which it wasintended.

Digplay sze and group size: The process of Sol Tree planning in the MERBoard involved
asmal group of collaborators, generdly between three and a dozen people. It is clear from
the scientists' comments that the number of people involved in Sol Tree planning decreased
during the course of the mission. LTP scientists agreed that the MERBoard's physicd size
was well-suited to the size of the groupsinvolved in these activities early in the mission.

The actua authoring process varied between instances; in some cases, the group
would convene around the board, either sitting or standing, while a single person
“drove’ the display, building the tree based on input from the group (Fi guraii. Asthe

mission progressed, an individua would often draft a plan alone using Sol Tree,“and then
collect other planning scientists around the MERBoard for feedback and. editing:;The
role of the display changed from that of a shared authoring surfage'that;

space for presenting a nearly-finished artifact to the workgroup:

Migration to projection screen for large meetings: Al
suited for the planning task early in the mission, images e often exported
as images or transcribed into PowerPoint for the laying them on the
projectors during meetings when the plans wereibein ited to larger workgroup.
&ient to make MERBoard a
valuable presentation tool for this type e migration to projection was
difficult, however. Scientists complainéd of.« ead necessary to convert the
SolTree into a format that could be sh ‘a.projector; there was no simple way to
integrate a plan created on the ME|

oard was well-

Figure 2. Scientists collaborating on a plan using Sol Tree

Tool structure supports early collaborative work: Most of the LTP scientists appreciated
Sol Tree' s ahility to keep track of dl of the possible branches and options, especidly in the
ealier parts of the misson. Others praised the fact that SolTree imposed a structure on
brainstorming options; it required planners to think down each linear path and consider and



annotate dl of the possibilities. One user of the tool said that it “forced explicit logic” and
required the scientists to consider dl possible ramifications. Another scientist emphasized
the importance of the tool soon after the rovers landed because the tool “ offered scaffolding”
for aprocessthat was ill new to the scientists and not yet routinized.

Persistence and evolution of plans: Though the general perception of the Sol Tree tool
among scientists is that it was provided as away to interactively author plans for Rover
activities, their descriptions of use illustrate a broader value of the tool as a persistent
information display for community awareness. SolTrees were often left open on the
LTP theme group’'s MERBoard even after the planners had completed their planning for
the day, simply as away of maintaining awareness of the planned activities and options,
and aso as an informal way of making that information available, One“scientist

thefollowmg
d on the previous
“evolution”, with an
iseedited based on new data,
ionkchanges: The planning process
) gradualy from unfamiliar and
isson goas solidified, planning

existing tree repeatedly being pruned, added to, gf
rather than being created anew in each planning

evolved during the course of the mis

exploratory to familiar and proceduraliz

became more tactica, and sci r

consideration of a few p il options“rather than a full-blown exploration of all

possible next steps. They wﬂgetter able to anticipate these steps and their implications
and the decision making process e increasingly streamlined.

udizing theee%lans evolved as well. Scientists described how the

tree-shaped plans with theif many-branched possibilities gave way to linear path-shaped

o dimultiple Sols. Because they were considering fewer

pecify al of the posshilities in detail decreased. The

creating “Sol Paths.” In the transition from MERBoard to PowerPoint, some scientists
took the intermediary step of using the freeform whiteboard drawing tool to create
plans; this supported the collaborative building of trees, while freeing them from the
tight scaffolding of the Sol Tree tool.

5.2 Whiteboard and Image Display on MERBoard

In contrast to the Sol Tree tool, the MERBoard whiteboard application was not designed
to support a specific task, but rather to provide flexible, ad hoc support for collaborative



tasks. Even so, the design of the tool reflects some of the same assumptions as the
design of the Sol Tree, namely that the use of authoring tools on a shared display surface
would be useful for synchronous, collocated collaboration. The fact that the application
was not designed to support any specific tasks suggests that it could be useful for any
collaborative tasks that might involve shared authoring of artifacts throughout the course
of the mission. As we discovered, however, the tasks for which this use of a shared
authoring surface were largely exploratory in nature, and thus clustered primarily in the
pre-mission work and early in the mission. The whiteboard evolved from a freeform
support tool that helped collaborators with tasks for which procedures were not well-
defined to a passive information display, as collaborative tasks became hgre highly
proceduralized and moved off of the shared display space. As with Tre

interactive uses of the whiteboard proved to be most valuable for ex I VANOEK, in
which the MERBoard served as a ramp-up tool while procs &Knot yet
routinized.

Flexible support for exploratory tasks: During the premﬁ s, scientists

and engineers used the whiteboard heavily as a suppo

edl @Dcture on the note-taking or
resulting product. Additionally, thiswast ask for which having a persistently
vishle representation of collect|ve V was of value. The whiteboard
functionality of MERBoard was aso u or brai pgtorming activities during these tests;
MERBoard allowed sci entlsts to do‘H orm sketches with a group, and save and share
the designs. The tool’s f I|ty aluable for these types of unstructured
preliminary planning act|V|

During the actual mlvon Eﬁof the whiteboard was less frequent and decreased
over time. As proceduges forgacco Shl ng tasks became routinized and streamlined the
exploratory aspects of thewhiteboard became less necessary. Scientists' practices and

People rarely chose to save the artifacts that they produced, preferring instead to
transcribe them into PowerPoint after the collaboration was finished. It seems possible
then that part of the reason the whiteboard was perceived by some as not valuable was
because the products created on it were highly transient. Unlike the plans created using
SolTree, artifacts created on the whiteboard were not often displayed at the larger
meetings, perhaps because of their transient, informal content. As a result, informal
presentation of thisinformation was done directly on the MERBoard for small groups of
collaborators, and did not migrate onto the projection screens. As described in the
Sol Tree section, the need for the whiteboard arose again during the transitional phase of



planning when the group still needed to collaborate synchronously on Sol planning, but
no longer needed the tight scaffolding of the Sol Tree tool.

Lack of use for routinized tasks: In contrast to how the scientists used the whiteboard,
the engineers we spoke to made amost no use of it for collaboration. In contrast to the
science activities, the engineering activities were more structured and proceduralized in
large part because they bore significant similarity to activities from previous missions.
The sequencing team, whose job was to create very precise, low-level sequences of
instructions to transmit to the rovers, had tools with which they were aready familiar
that had been designed for the purposes of creating sequences. A lead tactica engineer
on the mission spoke of the importance of tools that explicitly supported:hi

sequencing tasks, their prooedur& and tools were well deflned ;
freeform support offered no benefit to their collaboration. N

interacted little with the whiteboard, many were posi Ve an Asiastic tovvards it
because one team member frequently used it to display:i
maps, and panorama cameras, with graphical qve
created on his laptop (Figure 3). Often, thesey
attracting interest and prompting discussion,”

pe drawings that he had
displayed for days at a time,
etrieved later in the mission for

reference. . '

The scientist liked that he oould “rel ation into the environment, rather
than displaying it from his personal tiag  The large display naturally drew people's
attention; the size and dynamig e board made it “easy to notice changes’
when new material was presenty, The scientist regarded the information sharing as a type

of “asynchronous coll
activities, prompting -
consciousness’ W|th n
changed posterboart
would recel

im it was away of keeping othersinformed of his

letting his images and ideas “enter the public
rt on anyone else’s part. He sasw MERBoard as an “easily

gwhich he could convey ideas and be guaranteed that they

Figure 3. Animage created by a scientist and displayed on the whiteboard



Other scientists who wanted to share information preferred to use projectors, not
because they felt that MERBoard was inferior for viewing ambient information, but
because it was easier to plug a laptop into a projector than post content to the
MERBoard. For this reason, projectors were also used to display images in the
environment that might otherwise have been displayed on MERBoard.

Although actual paper printouts of terrain data were also used during the mission,
printing images was expensive and few had access to use the poster printer. One
scientist said that the use of some paper images was eventually “superceded” by the
annotated maps that had been posted on the MERBoard.

Although the images were admired and drew interest, scientists stated that.! here was
no confllct or awkwardness about approprlatlng a MERBoard that, ) rently

p d that it
was thus acceptable to hide the image using the whiteboard ictiohality in
order to use the board for other purposes. There was a “sen lic space”
and that anything left there was “fair game,” as opposed tgi6v

5.3 TheMars Clock

dii/: The Mars clock was a
Wbient display use of MERBoard
S les changed. As the mission

Decreasing interaction leads to ambient i
particularly interesting example because
emerged as the mission tasks and ¢
progressed, the Mars clock became.th
used by the scientists. One scientist dlex the phenomenon as: “When people
stopped using the MERBo 4 the clock became a useful thing to have up.” This
Q' _. have been the case that the clock was percelved a

default content fog.th
While scientists, i1y
them felt t € ) nit” this appreciation of the clock, as they were aware it was
the fullest technol ogical advantage of a sophisticated and expensive
W!ty expressed a preference for keeping the clock ambient in the

ocks on thelr personal machines would take up valuable personal

the use of the clock was entirely passive, the value of this amb|ent
information as a group resource is clear. Even in the later phases of the mission when
some of the MERBoards were being used aimost solely to display the Mars time, the
administrators of the system were flown in to fix them when they crashed.

Social difficulties stemming from uncertainty of use and ownership: Some scientists
suggested that people might have wanted to use the MERBoard, but were hesitant to
appropriate the board for fear of depriving other group members of the clock. The
scientist who frequently posted images using the whiteboard believed that people were
considerably more hesitant to hide the clock to interact with the MERBoard than they
were to hide the images that he had displayed; once the clock was on the MERBoard,
people were less likely to use it than if it had one of his images displayed on it. The



scientists may have perceived the clock as being crucia to others work and were
hesitant to interact with the display for their own benefit if it meant inconveniencing the
group at large. It aso suggests that images were perceived as interesting but non-urgent
and non-task-critical, whereas the clock was perceived as potentially in use a any time.

54 CIPand Other Schedules

Sructured ambient information: Another use of the MERBoard frequently mentioned
by mission scientists and engineers was for the passive display of schedule information.
Some of the MERBoards in the science assessment area were used for schedtite display
nearly as much as they were for clock display. An individua's CIRg Jor ative
Information Portal) schedule would be posted on the group’s MEE
displayed ambiently throughout the day for the entire group’s useT’ les kept
group members aware of important events such as satellite p
with very little effort. Interestingly, although this use of th% E

as the display of the Mars clock, the general attitude ds t
schedule was somewhat more positive. The schedule i

group relevant, and therefore may have been per { as

he |splay of the CIP
as more inherently
ting collaboration or
coordination to a greater extent than the Mars cl fore more in keeping with
the original intent of the shared display.
Low-overhead authoring: The sequene
collocated and required tight time coordi chrmade awareness of the schedules
crucid. The tactical uplink lead engi&eer ¢ the whiteboard tool of MERBoard
rather than the officid CIP s eduleM e schedules dlrectly onto the MERBoard,
including times, events, and pii n
sequence walkthroughs. Sche
modified from the preyiol

rk None by engineers was highly

sequencing ssehedu “only because it provided the shared awareness, but also
because thie sct tlid not reside elsewhere, either physically or virtually. The tactical
1 ed this point by saying that the version of the schedule on the

ME yved as the “official memory of the activity.” If anything needed to
cha ould announce it verbally and make the change officid by editing the text
sched ERBoard; thus the MERBoard was the only persistent source of schedule

informatton for this team.

The flexibility and low overhead of using this tool was what made it successful for
schedule authoring, editing, and display. The tactical uplink lead admitted that the reason
he chose to use the whiteboard for this purpose was because he had never bothered to
figure out how to use the CIP schedules that the scientists used. He could not afford to
spend “8 hours learning how to do a task.” The straightforwardness of the whiteboard
tool for text entry and display made it the fitting choice for this task throughout the
mission.



6 Implicationsfor Multi-Display Environment Design

In looking at the use of the NASA MERBoard over time, several patterns emerge across
the various applications. These patterns demonstrate the evolving role of the system in
the context of a dynamic work environment, and a complex ecology of displays. The
evolution of the role of the MERBoard was clearly tied to severd factors:

e Changes in the collaboration style over time — MERBoard's value for collaboration
was that it supported synchronous sharing of artifacts; multiple users could engage in
viewing, authoring and discussing material simultaneously. The fact thatsprocedures
became familiar and routinized meant that responsibilities could be divided tip.among
workgroup members and tackled individualy, thus reducing the n
work surface for synchronous collaboration.

¢ Changes in the tasks of the scientists over time — MERBoard's rin
was primarily as a ramp-up tool that alowed users to it exploratory work,
especidly when procedures or tasks were unfamiliar, .an T&tssBenefited most
from doing them together to see and learn how the pral be addressed. As
the mission progressed and mission goals beca

the support for shared exploration and disc
o Other displays and applications availabl

of many display technologies availabl

means of displaying information that
and shared workstations for very ‘S
meetings, alowed tasks togmigrate
MERBoard been the prin
scientists, the mi gratlo of tas

jed:by MERBoard.
vironment — MERBoards were one
'sts; the fact that they had other

ations, and projection screensfor large
f.of the MERBoard as necessary. Had
ry or only Iarge display technology available to the
swould have been different.

shao%d the use of the MERBoard during the mission and
ing these factors into account in evauating the ebb and flow
»mission and pre-mission, we identified some implications
arge interactive displays for supporting group work:

These three factor {8
the pre-mission trai
of MERBoard us

for display €

e Thet roR interactive use to ambient display — Designers of large displays

ut t that the interactive use of large displays may not be constant over time,
S'may continue to find value in the ambient display capabilities of the
this reason, gpplications and functionaities should not be designed only
iteractive use in mind; attention should also be paid to how applications might be
designed for passive use, what kinds of content might provide value while the displays
are not being used interactively, and how that content can be easily shown on the
display. In the case of the MERBoard, ambient use of the whiteboard for image display
was valued, but not many users chose to post content. Low-overhead methods of
information display might have helped to encourage this use, thus making the tool
more vauable to the group. The Mars clock and schedule were both valuable to the
group as ambient information; designers might aso consider what other types of
passive information would be of value for presentation in the environment.



o The dynamic use of multi-display environments — Large interactive displays in multi-
display environments are by nature group-owned and flexibly appropriable; constant,
steady use need not be agoal that determines the success of such systems. Rather their
value should be considered in terms of the ease and level of support for task and
collaborations that benefit from the use of a shared interactive surface. Multi-display
environments should therefore be designed to be flexible and dynamic, perhaps
alowing them to be easily reconfigurable, and designing for the fluid easy migration
of tasks among the various display surfaces.

e Support for undefined tasks and proceduralization — Systems such as MERBoard
support exploratory tasks and tasks that do not have a set procedure, bwi\rrg less

es

necessary when work becomes streamlined and routinized over tim ighing for
continuity by making data products essily accessible and movab Mthe
O

otherand help

various displays will help make transitions in work pro
ensure that artifacts continue to be valuable as work progresses. &

RN

7 Implicationsfor the Evaluation of Lar94

From our in-depth study of the MERBoard withi
garnered several important lessons about evaly

“success’ of alarge interactive display witl
whether a steady state of use is reache

. =0 a display ecology, we
he'tiseof such systems. Firgt, the
y. ecology cannot be measured by
eople appropriate these tools as

em, there may be a natural ebb and
flow of use that does not correspdtid cess or failure, but rather to the dynamic
nature of collaborative work ¢ ;ccess is therefore better evaluated by

10 [ ;application" is one that needs to be reconceived in
the context of shared digplays in these environments. In the case of the MERBoard,

i and collaboration styles, no application was used constantly
W%ver, the SolTree clearly was atool that got people to use

ni ng, planning methods such as the building of individua trees using

Id not have been sufficient because they needed the shared visua
| as the shared exploration and decision making process. For these types
5, Killer apps may be better concelved as applications that support a particular
task well enough to alow users to understand the value of the tool for the task.

Another important lesson regarding the value of large displays in work
environments came from our observation of the interplay between interactive use and
ambient information display. In the redm of large interactive display research, a
decrease in interactivity is often viewed as afailure of the system to support workgroup
practices. We observed a migration from interactive use to ambient information display,
and through our interviews discovered how valuable this ambient information was. We
therefore believe that success should be evaluated by looking both at interactivity as
well asthe value of the display in passive uses.



Finally, in the greater context of a display ecology, it is mideading to evaluate the
isolated use of a single system; the existence of other displaysin the environment means
that it is important to understand how the ecology functions as a whole, not just how
individua displays are used. Our findings lead us to suggest that the ebb and flow of use
of alarge display groupware system may not be an indication of problematic design or
failure of the system to support collaboration sufficiently, but rather an indication that
the need for such technologies in collaboration are dynamic rather than static. Just as
researchers working together to write a paper may initidly spend many hours
brainstorming together using a whiteboard, the fact that they may later spend more time
writing sections individually at their personal machines should not be re&fed as a
failing of the whiteboard to maintain collaboration; instead the .natur Qf the
collaboration changes, making other technologies more appropriate for
In evaluatlng digplays in such multi-display environments, we |

o0y ‘aver antextended period of time, the
NASA MERBoard can be considered sol .SUC ul in how it supported those
ol red visual display offered benfit. Its
interactive and passive uses were impor n crucial to the users at different
points in the mission. The fact that®it,y fess for interactive purposes over time
reflects the changing tasks and ézollabor gtyles of the workgroup more than flawed
design. MERBoard till presgrited severa challengesto its users that decreased the overall
flexibility and effectiveness'of tt ig.display ecology & awhole Users could not mlgrate
content easily from Safl
overhead. Similarly, ti :f‘- requwed to migrate content from a Iaptop onto the
MERBoard may $

sharing ideas and 3 J-hefindings of our study and our design recommendations are
currently orated into new iterations of MERBoard's design that will be
deploy SA sites or to support future NASA missions.
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