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ABSTRACT

Several user studies have shown that in many cases
electronic planning and scheduling tools are pgeskby the
users as disruptive with respect to their actuakvpoactices
often based on physical tools. This can resultejeating
such electronic tools without fully appreciating tlong-term
benefits of their adoption. As a part of a largéore for
providing support along scheduling and negotiation
processes across distributed organizations, we thesigned

a solution to allow manual and computer-supportexech
initiative that aims at letting the users continwerking
according to their work practices leveraging theddi of an
automated support.

In this paper, we describe our solution also matigathe
design choises we made. We show how our solutiomvsl
users interact with a manual editing facility tdvedule and
manage their work activities and, when approprigteselect
and publish scheduling information for triggering
negotiations on services with other, possibly remaisers.
We illustrate our approach in the context of a bess-to-
business scenario where users are decision-makgusnt
centers scheduling and negotiating print jobs.

INTRODUCTION

Users for several reasons may reject planning enedailing
tools. In many cases the main reason is that tbkisonot
adapted to the actual work practices or, even wadhseusers
perceive it as totally disruptive, even if they avery
interested in the functionality the tool providasin with.
Let's take as an example a workplace where peopleaging
tasks schedule are used to work on a paper supploety
may be reluctant to change this practice for adagps fully
computer-supported scheduler, even if the schedsileery
flexible and powerful. They would feel forced to keaa
choice between the two approaches. On one side thea
consolidated work practice that they know and thanore
or less satisfactory. On the other side, there iew work
environment, that they do not know and that afteyiven
time period would (probably) prove to be more dffex
Several field studies and surveys have shown thmatnaber
of people prefer to work on physical supports nmben with
on-line tools (Whittaker and Schwartz 1995). Tréeras to
be due to a general lack of confidence in non-maysi

objects and also the greater commitment a physitatface
imposes. However, without providing electronic imfation,
users loose the benefit of an automated support.

For many years, research has been undertaken ontdow
bridge the gap between the physical and the elgictro
worlds. For instance, in the case of a paper-bagdical
world, existing approaches to this problem can lassified
into two groups as described in (Karsenty et ab@0The
first group includes systems linking the paper twe t
electronic world; a typical example of this catggare
barcodes. The second group includes paper-based
applications, namely systems that take a specHistiag
paper object, e.g. a print coversheet or a flyed, extend its
capabilities. See (Karsenty et al. 2000) for exawpbf
systems belonging to one of the two groups.

In this paper we propose a solution, consisting aof
architecture and a protocol, enabling a mixed huraad
computer-supported initiative along distributed exbhling
and negotiation processes. We assume a distritagttithg
with autonomous workplaces offering similar and/or
complementary competencies and abilities. Each plack
collaborates, but also competes, with other wokgsato
improve its own ability to accomplish customer resfs.
Moreover, each workplace is very much or completely
responsible for managing its schedule.

Users work on a manual editing facility. Our sabuti
encapsulates methods allowing: (1) Users to express
scheduling decisions by manually selecting and nmvi
scheduling information slots; (2) Translation oheduling
information to negotiation information; (3) Activah of task
negotiation across distributed sites; and (4) Tedion of
negotiation information back to scheduling inforioat

In order to show our approach we use a scenariorevhe
workplaces are print centers (called printshopthéensequel)
and users are printshops decision-makers scheduaiing
negotiating print jobs. However, the kind of intrans we
consider is very generic and can be applied toratbetexts
involving scheduling activities.

The paper is organized as follows. We first show diesign
choices for the solution we propose and the propsh
scenario. Then, we describe the architecture amgihtocol

of our solution and a paper-based instance of atled
PaperSchedule. Finally, we discuss related work.

OBSERVING THE SCHEDULING ACTIVITY
Several case studies have been conducted to ob#szve
impact of the introduction of electronic schedwel$ and to

compare them with practices based on physicabatsif We
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have based our design choices on two of such stutlie
first one comparing the usage of electronic tooith warge

visible planning board in the context of projectivdties, the

second one studying the more specific setting ofofs

production printing.

The authors of the first study (Whittaker and Sativ&a995)
have observed two groups of approximately twengppein

size, one using a commercial scheduling tool, tinveroone
using pen-and-paper manual procedures on largebwalts.
The results coming from the qualitative observativas
provided us with insights regarding the differemiapes of
the scheduling activity, that have informed theigie®f our

system:

* Initial planning. A key feature of the initial
planning is to be accurate and credible, because it
impacts heavily all the starting decisions. Whag h
been observed is that thghysical manipulation
required by the paper artifacts resulted in a highe
degree of engagement. Moreover, gublic nature
of schedule encouraged a collaborative effort in
creating it and awareness of the decisions.

e Updating. The activity of keeping the planning
accurate and reflecting the current situation that
other people can rely on to take appropriate
decisions. Therefore easiness in updating is a key
feature to achieve collaboration. Thablic nature
of the schedule provides a way to acknowledge
individual contributions (or lack of those), is
therefore an incentive. However, they observed as
well the drawback that the updates are more costly
on a physical artifacts and this can have a counter
effect decreasing accuracy of updates.

e Replanning. Replanning is a typical frequent
activity on schedules and of course all the
advantages of the planning phase are presentsn thi
one. Additionally the physical artifact has been
proved to provide mor#exibility , by allowing the
allocation of a neutral area where to keep tasks no
yet allocated.

We agree with the authors of this study that etettrshared
scheduling tools have to be designed taking intmat the
above-observed benefits. In particular they shothe

public, to promote commitment and conversation;amal in

affording engagement and reflective use of thestoahd
they need to simulate the dimensions of size asithility in

supporting ready access to complex information” iftsker
et al.1995).

The second case study is about the observatiomwfthe
order of production printing activity is carried @m one of
the major UK factory. This case study providedhos only
the observation of the usage of physical artifaotg,also a
more complex setting, because the possibility Hier factory
to work as part of a network of autonomous prinpghdVe
were interested here in the nature of the physcéflacts
used in that organization and the perceived affurda they
presented. Several paper-based artifacts have dizsnved
to store information about the incoming requestsirt
current schedule and the resulting current acéisitAmong
those the artifact specifically supporting the shiimg

activities is the “forward-loading-board”. The foawd-
loading-board is a scheduling artifact used to wopkthe
daily array of jobs into a rational production ardguch that
the administrative manager can perform calculatiod take
decisions for example about accepting an incomiulgroor
a negotiation with another manager for a giventgob. In
this setting, as a previous one, a key featurbedd artifacts
has been observed: they were visible “at-a-glanibetause
they were publicly available and on public display.this
setting this aspect was observed as to be a crucéto see
which jobs have to be shifted and which delaysradpction
can be detected. Additionally, because of the mgliess to
work in a network of printshops, being therefordeabot
only to manage locally the schedule, but to expiesources
of other printshops if possible, this observatiaggested
that an ideal solution would be a system being tblkeep
all the benefits provided by existing physicalfadts, while
being able to publish to the network information thre
current status for negotiation purposes.

Building upon these case studies (Button and Sblarr
1997, Pycock et al. 1998, Whittaker and Schwar@5)@nd
the description of a variety of print work proces¢Eliezer

and Zwang 1997), we have defined a model describing

printshop activities (Andreoli et al. 2000) as $itated in
next section.

SCENARIO

We assume a distributed setting with autonomouggitops
offering similar and/or complementary competencaxsl
abilities. Each printshop collaborates, but alsangetes,
with other printshops to improve its own ability to
accomplish customer requests. Moreover, a printéhopry
much or completely responsible for managing itsescite.
In a printshop, users use manual supports (e.grpgEets)
to manage their planning/scheduling activities.

The planning/scheduling can be represented in aeweatys.
For example, a representation of the schedule qapeer
sheet could be a Gantt chart with print machinesglone
dimension and the time units along the other dinoens
Users allocate jobs trying to optimize the workloafdthe
machines and respecting the time constraints. dods be
represented as rectangles whose length is propattio the
estimated duration of the job on a given printercinae.
Additionally, unallocated jobs can be listed outste Gantt
chart. Figure 1 shows a simplified example of aeskite,
with several jobs allocated to machines on thecadraxis.

R — | |
waivt| [ | [ —
T — i —

titoe

Figure 1: A Sample Schedule
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Figure 2: The architecture including an editinglig a recorder facility and a negotiation fatyli

From time to time the printshop decision-maker maake
the decision to itisource” a print job from another
printshop, using a free time slot on a given maghor to
“outsource” a given print job (part of the Gantt chart or of
the unallocated jobs list) to another printshope &4l make
those decisions basing upon information on theetiirjob
schedule and the printshop’s technical capabilities
leveraging her knowledge of the customers. She thex
start to negotiate with the decision-makers of bthe
printshops for example to outsource a print jointnyto find

a satisfactory solution in terms of time and price.

This model attempts to capture significant kindgetiaviors
even if it can be further enriched. Moreover, thadkof
activities and interactions we consider here aiteqieneral.
Then, our approach could apply to other kind of
organizations, wherever scheduling activities ocdor
manage work activities.

Next section describes the design of our solution f
supporting this scenario, with a more detailed dpson of
the user interactions with the scheduling and riation
facilities.

OUR SOLUTION

Our solution comprises three facilities: a maneaditing
facility, a recorder facility, and anegotiation facility.
Figure 2 shows in a simplified way the architectma&uding
the three facilities.

Users use a manual editing facility to manage their
planning/scheduling activities in a workplace, e.g.
printshop. When the user(s) (e.g. the decision-make
make(s) decisions (e.gutsourcinga print job), the editing
facility will allow to manually express those deoiss. A
recorder facility (e.g. a camera) will recognize #theduling
decisions and translate them into negotiation métion.
The negotiation information will be used by a néafitin
facility to manage negotiations with other workm@ac
Finally, the negotiation facility will provide theesults of the
negotiations, if any, that will be presented to tisers.

The architecture is such that several user intesfa@n be
adopted. It only requires the capture of selectgeduling
information at a site and at specific points in ginThe
manual editing facility can range from being totation-
electronic (e.g. a whiteboard) through to totallgcéronic
(e.g. a large screen display). The planning/scliegiuan be
represented in several ways.

Let’s see more in details the interactions amoeguers and
the three components of our architecture, in theteod of
our printshop example.

Users use an editing facility to manage their
planning/scheduling activities allocating jobs myi to
optimize the workload of the machines and respgctire
time constraints. Decision-makers will express trthei
decisions as interactions with the editing facildyhen the
decision-maker makes the decision to try to insewgob
from another printshop, using a free time slot, sti#
delimitate it with aninsource shapee.g. a rectangle, and put
an insource marke.g. a checker on it. When the decision-
maker makes the decision to try to outsource adebpted
by anidentifier, to another printshop, she will put on it an
outsource marke.g. an asterisk.

The recorder facility will capture these decisidnam the
editing facility capturing the marks and recordiother
information. Information captured by the recordacility
will be propagated to a negotiation facility thuggering the
appropriate negotiations with other printshops.

For the interactions among the user, the editingify and
the recorder facility there are at least three rhites In the
first modality, the recorder facility is active dale time; it
records the information displayed by the editingjlity and
reacts immediately to the actions of the decisiaken. In
the second modality, the recorder facility becoraetive
upon a decision-maker request.

The editing facility would contain eontrol region enabling
the decision-maker to trigger the actions of theorder
facility. When the decision-maker puts aetivation sign
into the control region, the recorder facility auts the
information and sends them to the negotiationifgcMWhen
the decision-maker putssiop signinto the control region,
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the recorder facility stops recording. In a thirddality, the
recorder facility records information displayedthe editing
facility and sends this information, from time tme, to the
negotiation facility as an “exploratory” informatio In the
first two modalities, when the recorder facilitytiiggered, it
collects a number of time and technical informatiéior
example if the decision-maker has selected a free slot
with aninsource markthe left end and the right end of the
rectangle corresponding to the slot will provideprectively
the earliest possible start time and the latessiples end
time for it. This time information combined with eh
description of the machine technical capabilitieh ke the
negotiation information sent to the negotiationiligc On
the other side, if the decision-maker has seleatfb (with

a given identifierid) by marking it with anoutsource sign
then the left end and the right end of the rectangl
corresponding to thil job will provide the earliest possible
start time and the latest possible end time fotoitbe
performed. This time information combined with the
description of the job technical requirements (Whis
entered in the electronic system when the job epied)
will be the negotiation information sent to the ogtion
facility. In the third modality, the recorder fatyl will collect
information about empty spaces and tasks thatbgikent to
the negotiation facility for exploratory purposes.

When the negotiation facility receives the negaiiat
information, it starts the appropriate negotiatiomish the
other workplaces. A number of negotiations scheoaesbe
adopted. When the negotiation facility receiveslergtory
information, it will use it to search for matchimgquests
from other printshops. For each negotiation, thgotiation
facility will collect answers and possibly seleciwgions, if
any, and provide them back to the recorder facdityo the
wall editing facility. The recorder facility or thediting
facility will show the negotiation results. One pilslity,
among others, for showing the negotiation reswdtsoi list
the solution(s) found in a menu, when the userctelthe
item associated to the negotiation. Moreover, gngotiation
facility will provide the results of its exploratig, if the
exploration mode is allowed.

Also, the decision-maker may want to stop some tbe
ongoing negotiations because in the meanwhile she h
found a solution for the allocation of some of fbbs and
the time slots. In that case she could mark the pid the
time slots for which she wants the negotiation ¢ostopped
with anend markand then put aend signinto the control
region.

IMPLEMENTATION

As a negotiation facility for implementing our stan we
have adopted AllianceNet (Andreoli et al. 2000), a
framework allowing users, belonging to organization
grouped into an alliance, to flexibly negotiatente or
services. When negotiation succeeds, results angrsback
to the user and consequent actions are performadrew
appropriate. For example, if the negotiation is wba job
outsourcing and the negotiation succeeds, the gdiyjsib is
automatically transferred to the appropriate phiots For
the editing and the recorder facilities we have sidered
three possibilities.

One possibility was to use a whiteboard as theregiiacility
and the ZombieBoard as a recorder system (Moraal.et
1999), given the the techniques for image procegssifered
by the ZombieBoard (segmentation and grouping rules
symbol recognition, text recognition). Users couddaw
schedules and control marks with a pen and/or bggus
magnets. The contralegion could be a square delimited
region at the left-hand corner of the whiteboarcheT
ZombieBoard allows the user to identify a speaifigion to
be selected. This feature would allow the elaboratof
specific areas of the schedule starting/stoppirgptiations
corresponding to jobs and time slots in those $ipemieas
and letting the decision-maker continue workingtio@ rest
of the schedule. The negotiation facility may pdmvithe
results of the negotiations (if any) to users anwiteboard.
A projector may project different colored lights thre work
items for which negotiations succeeded or explonati
succeeded (if the exploration mode is allowed).

Another possibility was to use a large screen displs an
editing facility. The Tivoli application (Moran edl. 1998)
simulates whiteboard functionality on large screkésplays.

It provides basic pen-based scribbling and editifth pen-
based gesturing and wiping techniques and a gugipti
language to tailor “domain objects” to specific bpgtions.
This layer allows the bi-directional exchange abdaetween
the whiteboard-like display and the actual appiaccabehind
it. Tivoli provides the ability to script speciabohain objects
(imported/exported from external databases) thatsusan
interact with on the board. In this case the donwdjects
would be jobs and machines and users could draw the
schedules manipulating these objects through ahgralp
editor. The control region could be a square dédichregion
at the left-hand corner of the large screen displEye
negotiation facility may show the negotiations testo the
users on the large screen display. For example stheen
could display colored rectangles in correspondenitéhe
work items for which negotiations have succeeded or
explorations have succeeded (if the exploration endsl
allowed). Multiple negotiation results could bepdayed in a
menu when selecting the item associated to thetiatign.
Finally, there was also the possibility to use pdpeediting
and a scanner device as a recorder system. Wesdraat
instance of our solution adopting this option whigdes are
represented and identified on “planning sheets” aadrs
schedule and negotiate jobs interacting with th@epa
Ideally, the user will be able to walk around théngshop
with the paper sheet, making decisions on the Hiseoving
the situation and then scanning the schedule wkeisidns
are mature. Next section shows into details thjgep&ased
instance of our solution, called PaperSchedule.

A PAPER-BASED PROTOTYPE

Before describing PaperSchedule, we recall thecjplies
that have driven our design:

e Physical artifact to support a bigger
engagement in the decision

» Public nature of the artifact to support collabivet
activities.

degree of

© SCS



* Public nature to support peripheral awareness ef th
current state of the schedule.

e Support to transient state (i.e. activities exigtibut not
yet allocated.)

* Possibility to publish to a network selected infatian
about the current state of the schedule.

Jobs Representation and Recognition

Jobs are represented using cardboards with a unique
identifier, associating to them DataGlyph™. Datgibly (or
glyphs for short) are a 2-D data encoding technglegnilar

to bar codes (Hecht 1994), see Figure 3.

Figure 3: Xerox DataGlyphs

A DataGlyph contains an array of \'s and /’s, anthim this
array, any data can be coded on paper documentaextat
a resolution of 300 dpi. Figure 4 shows an examopla job
glyph (close to real size) like used in our solntith includes
a 16*16 glyph encoding 12 bytes. Below the glyph,
information associated to the job is displayed ltovathe
user recognizing the job: the name of the custo(eds.
clientl) and the name of the job (e.gob3). That
information is recorded when entering the job irte
system (as described later). The user attacheh gljckers
to cardboards for uniquely representing the coordmg
jobs. Cardboards are one inch high, and they aeuprso
that they can be cut appropriately to represert.job

client
job3
Figure 4: An Example of a Job Glyph

Analogously, free time slots where the user wamiagource
a job are represented with specially tagged camdisoa
delimiting the time region to insource.

Planning Sheets

Users create and manage their schedules on “plgnnin
sheets”, by placing cardboards on them. Figuredwshan
example of a planning sheet.

Planning sheets are instances of interactive papataining
scheduling information in a format that can be oegd when
scanning them. The interpreter of the scanned in&ges
been built on top of the FlowPort™ toolkit (HecH9y).

FlowPort is a server application that processesrss
images and provides to our application two main cfet
services: location of the DataGlyphs areas (andir the
decoding) and image segmentation to locate the gt
their length. Planning sheets are now describettiails.

In the top left corner, there is a 16*23 glyph tidentifies
the sheet, including information about the layduhe week.
The two black squares printed at the bottom ofpthge are
called the registration marks and make it easi@daotify the
location of rectangles by using relative positiortite marks.
The registration marks are used for determining the
corresponding time span and to which machine e&¢heo
jobs is scheduled. They are also used for detengitihe
orientation of the image. This means that evehdfimage is
scanned upside-down or with a 90, the programimtifirpret

it correctly.

To identify himself as the “owner” of the scheduwlden
scanning the schedule in, the user will use a FowP
Cover Sheet as shown in Figure 6. Next sectionrieEscin
details the interaction possible with the planrshgets.

Scheduling and Negotiation

The main actions the user can perform interactiritiy \&
planning sheet are to:

» Allocate a job to a machine local to a printshop.
» Ask for outsourcing a job.

» Mark an area as suitable for insourcing

* Change job schedule.

» Withdraw outsource or insource requests.

* See negotiation results, if any.

e Fixing some constraints as definitive.

The user can allocate a job to a machine localh® t
printshop by placing the cardboard on the position
corresponding to the machine in the planning shéehe
user wants to outsource a job, she will put it dme t
“outsource area” below the chart on the planningestisee
Figure 5). If there is any free time slot where tiser wants
to insource a job, she puts there a cardboard \waith
insourcing sticker.

The extension to FlowPort™ handling specific
PaperSchedule needs is the “Interpreter” servidtemithe
user scans the schedule in, the interpreter observend
recognizes the information based on position, sinel
identifiers. In particular, it detects the diffeoss between
the new version of the schedule and the currentibaay. It
captures then the changes performed by the useth®n
schedule, e.g. a change in the start time of aljolcated to a
given machine or the withdrawal of an insourcinguest.
The interpreter translates, if necessary, the cagtdecisions
into negotiations requests. Negotiation requeses WBWRL
encoded method calls to the representant of threghiop in
AllianceNet. Those requests are then propagatdidetother
printshops. Figure 7 describes the architecture thodf
PaperSchedule solution.

A job or a region can also be simply drawn direatly the
planning sheet, but inaccuracy in drawing the regitess may
prevent a good interpretation.
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Figure 6: A FlowPort™ Cover Sheet

In the current version of the prototype, feedbackresented
to the user partly through a paper and partly thnoa web
interface. Next section will describe more in distde web
interface. If a job has been found for being altedato a
given insource area, only screen feedback is peaolid
However, if there is a job that has been outsoyreedew
schedule with a name generated as a function oflébe is
created. On this schedule the job that was outeduvdll
have a blurred appearance. For example, Figur@®&ssthe
sample schedule after the negotiation for the jobthe
outsource area in Figure 5 has succeeded. Thecasdahen
continue working on the current planning sheet rimtput
the new version with the negotiation results anidgigt as
the new basis.

Figure 7: The Architecture of the Prototype

In the latter case, he will have to report the baadds on the
new planning sheet, except the ones he wants tdviiore

precisely, if the user wants to definitively alléea job to a
machine he will not report the corresponding caetdand
then this allocation will never be changed in tineife.

Browsing Jobs and Planning Sheets

As already mentioned, in the current prototype & phthe
feedback is provided by a web interface. Also, thterface
allows the user to: enter new jobs, browse thedfsthe
existing jobs and the current and older versiohghe
planning sheets; print planning sheets; print inseu
stickers; check changes in the status of a job. Udex can
create a new job specifying its name, the estimatmttload,
resources needed, deadline, name of the custorer, e
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8.5.2000 - 14.5.2000
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Planning Sheet

oncay 9 Monday-18 Tuesday-18
Tuesday-9 Wednesday-9
Outsource Area: uesday lednesday-

Wednesday-18 Thursday-18 Friday-18
Thursday-9 Friday-0

Figure 8: The Planning Sheet after negotiation seded

When the user is ready to schedule the jobs, haspthe
planning sheet.

The user can see the list of the current jobs Fsgare 9 for
an example) and print the glyphs stickers for tbbsj
cardboards (“PrintAllStickers”).
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Figure 9: A List of Current Jobs

The user can check changes in the status of ttee folhere
are changes, a new image of the schedule is cremtddt is
given a name reflecting the time it was createder&hwill

also be feedback on the screen.

The user may also see and print out the lateshplgrsheet
that was generated. Also, he will be able to broprewious
versions of the schedules.

RELATED WORK

As already mentioned, several field studies andesigrhave
observed the affordances of physical supports reispect to
on-line scheduling tools, for example (Whittakerdan
Schwarz 1995) provides an interesting summary ofbs
of using physical artifacts to collaborate arouctiesiuling
activities. On the base of observations like stioh,area of

work has recently addressed the design of systems

connecting and bridging the physical with the etamic
world. In particular other examples of paper-based
applications can be found in (Karsenty et al. 2000)
Tagging technologies are widely used. Without tagkabout
bar codes, largely used in our everyday life, we giwve a
couple of examples of projects that use DataGlyphs:
Campiello (Karsenty et al. 2000) and Collaborag®er@h et
al. 1998). Campiello supports tourist and local oamity
sharing. In the Campiello Paper User Interface aBtphs
are used to identify tourists and flyers. The Cumilage
system consists of a board with a collage of taggads. In
Collaborage, DataGlyphs are used to identify itemsthe
board. The content of the board is continuously itooed
and the information on it exported and interpretied
correspondence of specific tags being put on tledo
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The Collaborage project has designed and implerdesue
architecture (using and extending the ZombieBoard
functions) for physically representing information a board
and connecting it with electronic information. The
connection is achieved by tracking the board anulyapy
image analysis techniques on it. Collaborage ha® al
proposed three applications: “In/Out and Away”, ¢fect
Task Wall” and “Whiteboard”.

The “Project Task Wall” allows to describe tasksaotwall”
representation. However the way the users intevitbt the
board and the architecture behind are differenpdrticular

in the “Project Task Wall” all the tasks are reigd to
produce their electronic representation, while pheposed
protocol allows to “retrieve decisions” made by theers.
Moreover the “Project Task Wall” doesn’t provide an
architecture to support distributed negotiatiosafedules.
The other application, “Whiteboard”, provides featu for
whiteboard writing and selective command specificabn
parts of the board. “Whiteboard” would be a possibser
interface to be used to implement our solution rfuked
human and automated distributed scheduling.

CONCLUSIONS

In this work we have addressed the design of tmossipport
distributed scheduling and negotiation activitiesid in
doing so we have first analyzed user studies daviom
them design principles arguing for a mixed rea$itypport
system. We have presented a general architectuerewh
several editing facilities could be used and weehthen
described in detail one of such possibility, thatén been
prototyped: PaperSchedule. We have illustratecapproach
in the context of a business-to-business scenarerevusers
are decision-makers in print centers scheduling and
negotiating print jobs. We have shown how Paper&aleeis

a possible mixed reality implementation that complio the
design principles we have drawn from the user stidi

On the other side we are aware of some limitatiohthe
current implementation and current and future wodkudes
enriching the degree of interaction both betweenuser and
the paper and between the paper and the negotmtgiem.
In particular we are aware that the current impletaigons
can be cumbersome from the point of view of theunexgl
effort to create tasks (cutting cardboards andngluhem).
While the physical manipulation has been proved to
stimulate more engagement in taking appropriatesets,
we believe that lighter interaction ways could bevided.
For example the cardboards could be cut from aiootis

semi-adhesive tape similar to Postlts. Similarhg unique
identifiers coded in the DataGlyphs could be predidn
preprinted adhesive sheets alleviating the users the task
of producing them.
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