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ABSTRACT

While many researchers are interested in developimd)
designing technologies for multiple-display enviments
(MDEs), a core problem remains: we do not fully
understand theole these display technologies can play in

are traditional display surfaces doing in thesetexis?
What tasks are workers using them for? How does th
display surface support that task—that is, whatgalo the
display surface play in that task?

real-world activities. Our approach has been tadst
traditional MDEs (i.e. offices and laboratory emviments)
to understand both theéasks supported by traditional

displays, and theolesthe displays play in these tasks. We

discuss a set of lessons from studies of traditidizplays,
and discuss how designers of MDEs can learn froeseth
lessons in their designs. In so doing, we conteilia the
growing understanding of the potential role of MDigs
supporting real-world work, and MDE design.

ACM Classification Keywords
H5.m. Information interfaces and presentation (eHg1):
Miscellaneous.

INTRODUCTION
Our work focuses on addressing the problem of figdi
appropriate task and application domains for MDRhile

Other researchers have also been interested inotaeof
traditional displays in the workplace (e.g. [8]) the
meeting room, as well as in war-rooms (e.g. [HYe are
also influenced by
particular artefacts such as the whiteboard (€}y.ds well
as case studies of particular traditional displéyg. [10,
11]). We extend this earlier work with a perspeztihat is
informed by real-world deployments of both protatygnd
mature digital display technologies (e.g. [1, 3JQur aim
has not been find deficiencies in work practice dedign
technologies to “improve” or “optimize” them; insid, our
assumption has been that workers already implieitiploy
these display surfaces optimally in their work pie—our
role is to understand what affordances providedhese
traditional display surfaces support these workciices.
To our surprise, our analysis has revealed Wiate many
fundamental limitations of traditional display tewiiogies

several researchers have engaged in the design arfn be easily overcome with technology, many o$ethe

development of technologies, applications and digplfor
MDEs, it is unclear whether these are optimal tss&ces,
and whether the designs themselves are optimal taldéea
step back from this position to consider existisggcessful
MDEs: office spaces and laboratory environments.

limitationscan and in many casegeexploited by users

We discuss four lessons that we learned from shgdyi
traditional display surface use: the role of visua
persistent information, functionally fixed displaurfaces,

the semantic construction of displays, and inforomat

These spaces are teeming with traditional displays:ransfer from displays. We frame each of thessoes

whiteboards, chalkboards, bulletin boards, anddtiprts.
In many cases, even generic metallic surfaces (aadne
sides of filing cabinets) are made into displayates. Itis
in these spaces where we consider such semi-puénge
displays to be well integrated into workers’ evexyd
practice: workers understand how the displays warlg
their role in the social and ergonomic contextraf bverall
workspace and work activities. It is from thesenteats
that we draw upon for inspiration and understandiliat

within the physical and social context of use, aigtuss
how they inform digital display design. Digital
technologies can enhance the utility of the largemi-
public displays we are interested in; however,lumg¢i have

a good understanding of what, where, why and how

displays are used, it is difficult to provide appriate
designs. The studies and related work we summaeze
feed into a design process for digitally augmeimtisglays.

RELATED WORK

Because we are interested in finding appropriatesréor
MDEs generally, our work is conceptually linked wmrk
by researchers interested in building and deployiigital
MDEs (e.g. [3,1]). In the present context, howeves are
more specifically interested in work that parallesr
approach where design insight is uncovered frordystf
traditional displays. We briefly review this work,

researchers who have examined



Relevant Factors

Functional Benefits

Visual Persistence
Content stays visually persistent unless
explicit action is taken to remove it.

* Ownership of display
* Location of display

« Content can be easily reviewed
intentionally and unintentionally

Fixed Function +Users of display

Many displays’ function is fixed.

* Location of display
« Other, similar displays in context

« Cognitive and physical partitioning of
task space
« Dependable constant display

Semantic Construction
Users construct meaning by what is
displayed and how.

primitives

* Functional and expressive

« Displays used across working modes
« Functional conversion of displays

Immobility of Information
Content is generally difficult to move
across displays.

« Affordances of display technology
dictates its functional use

« Differentiates use of displays

Table 1. Summary of lessons learned from traditipaEs.

Perry and O’Hara [8] provide a taxonomy of disptased

activity that focuses on ready access to information, kocia

orientation, and coordination/planning. The acdoun
focuses on the practice displaying informatiorfor others,
and how the needs of the “displayer” modify the moeit
and mechanism by which the information is displayed

Mynatt [6] focused orpersonal whiteboardsn an office
context, exploring how space on whiteboards wasagea
by users to facilitate multiple parallel tasks. isTkvork
revealed how space (when partitioned into segméiaips
to organize work, especially when allowed to péréis
long term (e.g. for reminders). Teasley et al. f@pvide
convergent evidence frorobservations of “war room”

Focusing on the Whiteboard

The whiteboard is a commonplace display artefaando
both domestically and in the workplace. Its uséighly
diversified: in many contexts, it simply operates a
sketching surface (as in many meeting rooms); imerot
contexts, it operates as working memory or task fbs
office workers, storing information as both readference
and in a persistent manner until such time it isdeel. We
conducted a survey of 135 whiteboard users (whé sel
identified as “using whiteboards at least once aekwve
regularly”) and 10 in-situ interviews with “heavy”
whiteboard users. In so doing, we collected dataua250
whiteboards, what they were used for, who used tlaemd

whiteboard usgreporting that whiteboards provide a space so forth. The study revealed that whiteboards vaenseful
for asynchronous communication, acting as a sharedool because they facilitated activity across défe work
awareness display about a team’s status or clacgintty. modes (independent vs. collaborative activity and

. synchronous vs. asynchronous activity), as itsalssved
Xiao et al. [11] present a case study of the use of

whiteboard in an emergency room waiitlistrating how its
location and visual persistence afforded many dbfie
styles of use. For instance, the whiteboard cagtuhe
current state of the ward, providing awareness tasual
passerby, while its location dictated the nature tioé
content, and facilitated centralized coordinatiostween
nurses.

Whittaker & Schwarz [10] report on a study compgrihe
use of two scheduling boards: one digital, and atteer
traditional. Their work revealed both that thedtion of
the traditional whiteboard encouraged commitmentl an
participation from those who used the informatidh.also
enabled collaborative problem solving, and providedrs
with awareness of ongoing changes.

STUDYING TRADITIONAL MDES

In our work, we have conducted two probes intospace
of traditional display surfaces: one involving teeidy of
the whiteboard artefact as it is used in users’ryaay
work, and another involving in situ observationtioé use
of several displays in a laboratory environmente bviefly
outline these studies as a means of contextualipimg
understanding.

users to easily transition between these modes.

Investigating a Lab Environment

In parallel work, we investigated the use of triadial
multi-display environments by teams of undergraduat
engineering students who were enrolled in a yeag-lo
team-based learning program. These teams wergnasisi
two time-shared workspaces: a meeting room comtgini
whiteboards, a table, computers and filing cabinatsl a
laboratory workbench with shared chalkboards, cdemsu
and table space. We observed these teams foasitftaur
work sessions (each lasting three to four hour)ecting
data about how they made use of the whiteboards,
chalkboards, etc., and how these display surfatageg
different roles in their activities. This studyaled us to
classify different conceptual forms of display-bdise
activity, and to understand the role of the dispayfaces
in those activities.

FOUR LESSONS FROM TRADITIONAL MDES

In our two investigations of traditional displayraces, our
focus was on how the display surfaces supporteddtiens
of users around the displays (Table 1). Across tite
studies, four common themes arose from our obdenst



reflecting both “deficiencies” in traditional digyl surfaces,
and how these deficiencies facilitate users’' atitigi
Accordingly, many observations reflect actual dgpient
of other researchers’ MDEs. By reflecting on thésar
lessons, we intend to sensitize designers to ptiepeof
traditional display surfaces that they may explaittheir
design and development efforts.

Role of Visual Persistence

Traditional display surfaces are visually persistenthat
content or information on these displays remainsigent
until explicit action is taken to remove it. Vidlya
persistent display surfaces afford fundamentallffecgnt
tasks and roles compared to displays that are deires
dynamic, or cannot be depended upon to be persisten
Such displays allow ambient, awareness informatiobe
presented unobtrusively: status information, rermragd
notices, etc. are common on displays that canlknepon
to be visually persistent.

Visually persistent display surfaces suppEasyviewing of
content intentionally and unintentionallywhen the
information is desired, it will be visible with fie more
than a glance, and even when the information isdaen,

it may be visible by an incidental glance aroune th
environment.

Thus, the notion oWisual persistencdor a user extends
beyond the physicality of how information is presehon
the displays (e.g. whiteboard ink)—it also refletts social
and physical context of the display itself. Fostance, a
user may implicitly ask several questions of thepliy
beforedependingon it as a visually persistent display: Who
else uses this display surface? Who “owns” thipldy
surface? Can | depend on them to retain this cohaéer?
Where is this display located, and when will | kxeao see
it? Will | be able to see it when | want to? ke tdisplay
surface and display content large enough for ne2éoit?

Our studies revealed how several of these facmrsednto
play. For instance, whiteboards that are more ‘@r(in
the sense that an individual or small group of adwers
feel a sense of ownership towards the board) tertthve
more reminders and visually persistent items omplais
This illustrates the role of users in determininigether the

display can be depended on as visually persistentbenefits of doing so [5].

Similarly, schedule boards, or task lists were @thon
whiteboards that were visually prominent based logirt
location and the flow of users through the space.

Accordingly, many successful deployments of digital
display applications rely on their being visualbrgistent in
a technological way: IMPROMPTU [1] and [7] are
examples of how the visual persistence allows work
practices to develop around the displays. In emtr
Huang et al. [3] report on some display applicatitmat are
not reliably persistent, which meant that similaagiices

could not evolve around similarly functioning diays.

Role of Fixed Function Displays

Users dedicate many traditional display surfacea fixed
task function. Doing so allows users to distribtiteir task
and information space among display surfaces, liyere
facilitating contextually appropriate task switalinor
peripheral monitoring of other tasks. A commonregke

of such a fixed function display include in/out bas (often
located near the front of the office), which pravidffice
inhabitants awareness of coworkers presence. Other
examples might include a whiteboard dedicated to
outstanding software bugs that need to be fixedrbe&
given deadline, or a group schedule board.

Fixed function displays allow users to partitiorithtasks
spatially, allowing cognitive partitions to be rieald in the
physical world. Further, artefacts relevant to thection
of the display can be positioned nearby (e.g. ghephone
message whiteboard near the telephone in a hortieglet
When users consider a traditional display surfadeetof or
for a fixed function, users no longer conceptualbynsider
the display as a “display surface”; instead, their
conceptualization of the display and its functioecéme
fundamentally linked. Our whiteboard study proddiata
to support this position: when asked to “name” rthei
whiteboards, many participants provided functiosdsh
names for their whiteboards (e.g. “my task list9imilarly,
others have observed such dedicated displays gr ogtal-
world contexts when shared between a well-knowrugro
of individuals (e.g. [10, 11]).

Similar to visually persistent displays, there al® social,
and physical contextual factors that impact whether
display is used for fixed function, and indeed wiaiction:
Who will see/use this display? What are the neddhe
users of this display? Is this the only displafyit®@kind) in
the environment? Where is this display locatedhaiN's
the display located near? How frequently is thisplay
used in the same way by the same group across time?

To be clear, many traditional surfaces amet fixed
function: a good portion of whiteboards were givemes
that reflected their location (e.g. “meeting room
whiteboard”) rather than a function. Neverthelesben
given the opportunity, users partition their wor&rass
displays (e.g. [2]), and there appear to be perdoica
Accordingly, there shbube
cognitive benefits of partitioning work accordirgdisplay
in this manner: it more rapidly allows users to emstiand
what the display is for, and how to adopt it inteit work
practice.

Semantic Construction of Displays

Most traditional displays do not unnecessarily t@is
what is displayed, or how the display surface carused
by its users: users construct meaning by what phage on
the display and how. Meaning can be applied tdiapa
layout of content, colours, partitioning, or even Wwhat
content is attached to the display. This allows
representations that can be used across a vaffietysk



modes and task settings (e.g. collaborative, incldget,
etc.). It also facilitates the use of multiple stoctions on
the same display. In contrast, most digital digpla
technologies arrive with an application or techggidor
which it is to be used, meaning that it is difficidr users to
flexibly appropriate the technology for themselesy. to
connect to other information sources, to highlidim, or

to allow information to mean something else, etc.).

Users’ ability to construct traditional displaysndynically
means that the intent, function and use of thelajspre
controlled by the users of the display itself. 3ha user
can change the use of the display by simply
adding/removing/changing content. For instance,
whiteboard in a meeting room may be used for astesut
brainstorming session, but then the brainstorm ccdué
made persistent and become a persistent referésgleyd
by placing the marker, “Please leave on” on theldis
This fundamentally changes the role of the disgkpeit
temporarily).

Similarly, the design tension for designers of tigp is to
provide meaningful, usable primitives without dtotg
their use. Many large display technologies teralféo on
either side of this design tension: either by pilow
primitives that are too simplistic, or by limitingsers’
expressivity with those primitives. Furthermoren a
additional challenge in the digital realm is thafiormation
may arrive from outside sources, so primitives néed
provide a means for transferring and remixing these

Mobility and Immobility of Information

Content on most traditional display surfaces tyfbichas
low to no mobility—content originally placed on one
surface is difficult to take off or move to a diféat display
surface. As a consequence, users make conscioisesh
about the type of media that information is presérdan or
distributed through. For instance, users may chdouse
a whiteboard for displaying a persistent schedoteafteam
because it facilitates easy updating, and can feereel to
and updated in a specific location (e.g. [10]), lenhi
information that needs to be circulated and scizeth may
be pinned to a bulletin board so that it can beonsd by
whomever needs the information [8].

The differential capabilities of display surfacesoyide
users with a means to differentiate their use efdtsplay,
and more importantly, the function of those displaytheir
work.
which displays they will use depending on their dee
Information is moved across display surfaces whes t
affordances of the originating surface no longereirbe
perceived needs of the users, or when the displdgce is
needed for some other task. In both cases, theitoay
and temporal costs are relevant—the benefit of nmgpwar
removing the information from the original surfageist
outweigh the cost of doing so.

This observation again points to the notion thatpldiy
surfaces play many differembles in workers activities.
These roles are derived from their contextual locatand
the physical affordances that they are capableafiging.
Often, a display surface will play a single role (a the
case of an infout board), yet they may also playerse
roles (e.g. the brainstorming whiteboard that dostdahe
phrase “please leave on”).

FUTURE DIRECTIONS

The core message this work suggests is that weledne
design understanding by studying and understanttieg
roles of traditional displays in traditional MDESVe have

4outlined four lessons from our own study of traufithl

MDEs: visual persistence, fixed function, semantic
construction, and mobility of information. These
observations may be considered as ‘limitations” of

traditional MDEs, though we suggest that desigimestead
consider these observations as a means of insighthow
users functionally employ traditional display seda. By
studying the role of these display surfaces initictal
MDEs, we gain insight into potentially powerful dipgation
areas for future digital displays. Our current kvrvolves
understanding the intersection of “knowledge work”
displays and ambient displays, and what affordamess
to be provided to allow users to transition betwdiferent
modes of activity.
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