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a b s t r a c t

Software design is a complex and expensive socio-technical process, for which reuse is an increasingly
important concern. This article presents an abstract structure capturing the essence of a mobile shared
workspace (MSW), and how a particular MSW can be obtained by instantiating such a structure. It
is intended to assist designers of mobile groupware tools to conceive new products reusing design
knowledge proved successful in previous solutions. The article also illustrates how the abstract structure
can be instantiated to obtain MSWs that support construction inspection activities, hospital work and
urban emergency responses. This abstract structure can be evolved in order to make it a reference
architecture for mobile shared workspaces.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Design is a complex and expensive socio-technical activity for
the development of a variety of artifacts, such as software systems
or mechanical parts [1–3]. Provided the complexity of such a
process, the reuse of design knowledge is recognized as a vehicle to
reduce the costs and difficulties of creating new design solutions. A
well-known example of design reuse is the utilization of patterns
[4–6]. These abstract structures capture the essence of a design
solution and allow inexperienced developers to design as expert
ones.

Various abstract designs must be evaluated to determine
whether they apply to the problem at hand and its specific
context [7]. This process involves an important effort to compare
the three main variables involved in design reuse: (1) the problem
to be solved, (2) the context in which the problem arises and
(3) the proposed abstract design solution. The result of this analysis
will determine if it is worth using the proposed design abstraction.

The definition of reusable designs represents a challenge in
novel application scenarios, such as computer supported mobile
collaborative work, because the knowledge for such application
domains is just being built. Herskovic et al. have recognized and
discussed the difficulties involved in the design of mobile shared
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workspaces (MSW), which support mobile collaborative work [8].
However, there is no doubt that reusable designs of MSWwill help
in increasing the success of these software projects while reducing
development and maintenance costs.

Mobile shared workspaces provide the knowledge worker with
a partial view of the office (i.e. information and services) through
his/her mobile computing device. These systems allow users to
collaborate with colleagues or software systems in an ad hoc way
(like a plug & play mechanism), adapting themselves according to
the interaction context [9]. The design of such collaborative tools
has been recognized as a relevant construct for the development
of mobile multi-synchronous software applications [10–14]. After
developing and testing MSWs for several application scenarios
[15,12,16–19,14], the authors have identified commonalities that
were incorporated into an abstract design solution. This abstract
solution can assist the design of MSWs to support specific tasks, in
several application domains.

The paper presents an abstract structure capturing the essence
of an MSW design, and it shows how such a structure can be
instantiated to obtain particular workspaces. The article describes
instantiations of the proposed design to support mobile work
in three application scenarios: construction inspections, hospital
work and urban emergency responses.

The following section describes and compares mobile work
in these scenarios. Section 3 presents related work. Section 4
introduces the proposed MSW abstract structure. Section 5
describes three particular workspaces that were obtained by
instantiating the proposed abstract structure. Finally, Section 6
presents the conclusions and future work.
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Fig. 1. Characterization of the interactions between two roles.
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Fig. 2. Representation of the mobile work styles using the MCM language.

2. Work scenario characterization

Mobile work can be classified into four types or styles depend-
ing on the way in which nomadic users interact: synchronous,
asynchronous, autonomous and multi-synchronous [20]. Each style
imposes particular interaction requirements to the MSW designed
to support it. The interactions involved in each work style can
be represented using the Mobile Collaboration Modeling (MCM)
language [21]. The language represents roles and interactions be-
tween them. Roles are depicted as graph nodes, and the interac-
tions as labeled edges (Fig. 1). Each interaction type between two
roles, which is potentially present in a mobile work, is represented
as a label on the edge (i.e. the square in Fig. 1).

In this case, we use the MCM language to represent the four
styles of work nomadic workers use. Synchronous work is only
possible when collaboration services and connectivity are always
available for the participants. Synchronous work between two
roles is represented with an edge having a colored upper left
quarter on its label (Fig. 2(a)).

Users can perform asynchronous work using an interim
component as a synchronization point (i.e. a server). The edge label
in this case shows a colored lower left quarter (Fig. 2(b)).

Nomadic workers do not interact with other nodes (such as
peers or servers) during autonomous work. They just use local
data and services to perform the activity. Autonomous work is
represented with an edge having one or two colored right quarters
on its label, depending on the simultaneity of the activities carried
out by the autonomous workers. Fig. 2(c) shows one possibility of
autonomous work.

Finally, multi-synchronous work can be divided in a sequence
of several autonomous and group activities. This style can be
representedwith an edge that includes in its label any combination
of the three previous work styles. For example, Fig. 2(d) represents
an activity involving autonomous work and also synchronous
interactions between two participants. It could represent, for
example, the activity carried out by a nurse during a ward round
in a hospital. Typically, she inspects patients, delivers medicine
and records related information on the patients’ health record
(i.e. she performs autonomous work). However, she needs to
synchronize the patients’ health information before and after each
round (i.e. she performs synchronous interactions with a server or
other nurses).

Multi-synchronous (or loosely coupled) work is present inmost
mobile collaboration scenarios [13]. These scenarios usually share
a set of common requirements [8]. For each of these scenarios,
we define a graph using the MCM language, which helps visually
represent the involved roles and the type of interaction that takes
place between them. All the interaction requirements involved in
a mobile collaborative process can be identified by just analyzing

Fig. 3. MSW for construction inspections.

Fig. 4. Mobile collaboration in construction inspections.

the MCM graph representing such activity. It helps deal with the
problem of identifying hidden requirements that usually appears
in the development of mobile shared workspaces [8].

The following subsections describe and compare the character-
istics of mobile work in three different application domains: con-
struction inspections, healthcare, and emergency responses.

2.1. Construction inspections

Typically, construction projects involve a main contractor and
several subcontracted companies. These companies are in charge
of a specific part of the project (i.e. infrastructure, electrical
network, gas or painting). Nomadic workers (inspectors) carry out
the inspection process in teams to identify contingency issues
(problems) in the infrastructure. Each inspection team is composed
of a coordinator (chief inspector) and several inspectors. All
inspectors must report results to the team coordinator, who is in
charge of unifying and reporting the contingency issues to themain
contractor’s headquarters. The coordinator must also report the
results to the foreman of the construction site as a way to keep
a record of the contingency issues.

The authors have proposed to use anMSWrunning on tablet PCs
to support this loosely coupled work (Fig. 3) [19]. This application
is used by inspectors not only to conduct the reviewing process
but also to interact among them and with the foreman/main
contractor. Fig. 4 shows the interaction graph of these actors. The
graph was specified using the MCM language.
Analyzing the graph it is possible to see that services supporting
synchronous interactions among mobile users are mandatory
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(e.g. data synchronization or users location); however, most roles
work in an autonomous way. The graph also indicates that just
inspectors require remote access to shared resources. In addition,
when a mobile worker decides to interact with another actor of
this scenario, s/he must be able to do it. This is because these
interactions involve co-located (or physically near) collaborators.
Nevertheless, the chief inspector requires additional interaction
mechanisms because s/he needs to interact with remote persons
and actors working in another work shift. A characterization of the
work context, the problem to be solved and the requirements for
the solution mentioned above are presented below.
Work context. This work scenario involves several geographically
distributed inspectors with the following needs: (a) they jointly
work on diagnosing the project resources, (b) they need to know
the other inspectors’ locations and their current activities to
collaborate on-demand, (c) they are not always able to use a
fixed communication infrastructure and (d) some of them need to
share information with other actors, e.g. with inspectors, the main
contractor or the foreman.
Problem to be addressed. Inspectors need support for their
interactions as represented in Fig. 4. Such interactions involve
sharingmessages and data resources. Eachmobileworker does not
knowwhere and when such interactions will take place; therefore
s/he cannot assume that specific resources will be available in the
physical collaboration environment when s/he requires them, for
example, wireless communication support.
Solution. A possible solution is to have a personal workspace
able to interact with others on-demand. Such interactions must
be supported regardless of the physical location of the people
involved. Thesework conditions impose a number of requirements
for the design of MSWs in terms of interaction support. The most
important requirements are the following ones:
– Autonomy of data and services. Nomadic users must be able

to perform the inspection even if they are isolated in the
construction site. The information and services required to
complete the task must be available in the mobile worker’s
computing device.

– Ad hoc communication. If two inspectors meet in the construc-
tion site and decide to collaborate, the MSW must provide
mechanisms to support their interactions regardless of the
workers’ physical location.

– Awareness of user availability/location. Since loosely coupled
work involves on-demand collaboration, when amobileworker
wants to contact a teammate he needs to know his/her location
and/or availability. In fact, availability could be inferred from
the teammate’s location.

– Messaging. This service is useful for short and simple interac-
tions between mobile workers. For example, asking an inspec-
tor for an urgent meeting in the foreman’s cabin. Typically,
messaging is used to promote collaborative work sessions.

– Information sharing. Inspectors record contingencies in their
local workspaces. They have to integrate that information after
the reviewing process in order to get a complete view of the
project’s state. Depending on the type of representation used
for this information (i.e. if the information is reconcilable or
irreconcilable [17]), the sharing process will require (1) just file
transfer (in case of irreconcilable information) or (2) file transfer
and data synchronization (in any other case).

2.2. Healthcare services

Healthcare services, particularly those provided in hospitals,
involve collaborating nomadic workers performing several roles:
doctors (e.g. physicians and therapists), medical residents, and
nurses. They carry out periodic inspection rounds to monitor
the patients’ health condition. The medical personnel report the

Fig. 5. MSW supporting health service delivery.

Fig. 6. Mobile collaboration in hospital work.

information to the doctor in charge of a work shift and also to
the hospital central services at the end of a ward round. Such
information is then used to evaluate each patient’s condition and
also the global situation at the hospital.

For example, a mobile worker (e.g. a nurse) may detect a
problem with a patient during a round. This event triggers a set
of actions, for example locating the physician in charge of that
patient, retrieving the patient’smedical record, or calling ameeting
with a specialist to analyze the case.

Aworkplace study conducted by the authors in a public hospital
showed that the staff spends 53% of their time out of their
base location [22]. While on the move, other staff often locates
and contacts them to request shared information (e.g. laboratory
results) or to discuss issues related to patients’ assessment.

In case of an emergency, it is important to notify the appropriate
supporting personnel in order to provide a response according to
the situation. Notification must be fast and effective because the
patient’s life could depend on it.

An MSW running on tablet PCs or PDAs can be used by doctors,
therapists and nurses to examine and update a patient’s medical
record (Fig. 5) [14]. These tools can also be used to deliver
messages/alarms, locate medical personnel and share patient
information.

Fig. 6 shows the interaction graph typical of hospital work.
There, we can see that most of the work is performed in
a synchronous way; although the participants perform mainly
autonomouswork. Therefore services for on-demand collaboration
are mandatory. Furthermore, the hospital personnel must count
on an intermediary actor (e.g. a shared space or server) in order
to be able to contact persons who are temporarily unavailable. For
example, a doctor may be unavailable while s/he is in a surgery
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room. Next, we present the work context, the problem to be
addressed and the requirements for the solutionmentioned above.
Work context. The work conducted by healthcare professionals
involves geographically distributed personnel with the following
characteristics: (a) they jointly work on diagnosing and taking
care of patients, (b) they need to know the location and current
activities of their colleagues because they collaborate on-demand,
(c) they are not always able to use a fixed communication
infrastructure and (d) they need to share information with
other nomadic workers, hospital managers and their computer
center. Unlike the previous scenario, hospital work involves
occasional time-critical activities (e.g. during emergencies or
surgical interventions).
Problem to be addressed. Patients are usually highly distributed over
different locations (rooms, floors and buildings). Therefore there is
an ample space where people collaborate on-demand. Like in the
previous case, mobile workers have uncertainty about where and
when such interactionswill take place. However, theymust be able
to carry out the interactions represented in Fig. 6, independently
of their physical location. Some of these interactions can be time-
critical.
Solution. An MSW for medical personnel can assist mobile workers
in a hospital. The most important requirements associated to an
MSW for this setting are the following ones:
– Autonomy of data and services. It is not possible to assume

accessibility of the information in the hospital systems or
availability of wireless networks during time-critical activities.
Therefore, the MSW must be as autonomous in terms of data
and services as possible.

– Ad hoc communication. The MSW requires an ad hoc communi-
cation service since access to wireless communication cannot
be ensured at all times and everywhere. This increases the ca-
pability to locate and interact with teammates and shared re-
sources.

– Awareness of user availability/location. These are two of themost
frequently used services. Therefore counting on them makes
a difference in the resulting mobile work. Furthermore, these
services become critical during emergencies.

– Messaging. This is a basic service, which is required to locate and
coordinate mobile workers. It is also required to deliver alarms
and support information sharing.

– Information sharing. This service simplifies the process of
sharing documents (e.g. medical records) and reporting results
of several regular activities, such as patients’ inspections or
nurses’ rounds. Depending on the type of the data involved
(e.g. text documents, images, or structured files), there is a
more appropriate mechanism to share it [17]. Usually, these
mechanisms involve file transfer and/or data synchronization.

2.3. Routine urban emergencies

Typically, firefighters are at the forefront of responses to urban
emergencies, such as fires, car accidents, gas leakages, collapses,
and chemical/water spills. The time required to take control of an
emergency has a direct consequence on injuries to citizens and
damages to the civil infrastructure.

Whenever an alarm center receives an emergency call, it
typically delivers two or more fire trucks (belonging to different
companies) to the site of the emergency, in order to ensure
the resilience of the response process. Additionally, it could ask
medical personnel or police for assistance.

Once firefighters arrive at the emergency site, they trigger the
response process. This process requires coordinating first response
activities in order to reduce the time needed to take control of the
emergency. An Incident Commander is in charge of coordinating
the efforts in the field. However this person is typically only able
tomake themacro-decisions, due to the typical limitations of radio

Fig. 7. MSW to support emergency responses.

Fig. 8. Mobile collaboration during emergencies.

channels [23]. Several decisions are also made in parallel by fire-
men who need to deal with time-critical situations; e.g., (1) decide
where to park a fire truck to get fast and safe access to the build-
ing’swater network during a fire, or (2) determinewhich is the best
route to rescue a victim.

Making on-time and effective decisions requires on-demand
access to key information and sometimes to validate such decisions
with a partner. Decisions that can affect other first response teams
must be communicated as a sort of awareness mechanism. Alarm
delivery is also an important service that must always be available
when responding to an emergency.

The authors have proposed an MSW running on a PDA or
smartphone as a complement to the current radio systems used
by firemen (Fig. 7). This workspace is used just by decision makers
in the field and it allows them to retrieve important information
from the command center or other decision makers in the field;
e.g., building blueprints, maps of the affected area, evacuation
routes, or location of other fire trucks.

The MSW can also be used to deliver messages/alarms, to
locate key personnel (e.g. a civil engineer who may evaluate
the affected physical infrastructure) or special resources (e.g. a
concrete breaker).

Fig. 8 shows the interaction graph for a typical urban
emergency. Such graph indicates the three types of actors require
services to conduct synchronous interactions (e.g. notifications and
file transfer). However, the incident commander and firefighters
can get isolated if there are communication problems in the
emergency place. In such case, they must count on a mobile
application that embeds the data and services required to perform
autonomous work. Next, we present the work context, the
problem to be addressed and the requirements for the previously
mentioned solution.
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Work context. The emergency response process involves geograph-
ically distributed first responders with the following characteris-
tics: (a) they cooperate tomitigate the emergency situation and try
to reduce the damage to human lives and property, (b) they need
to know the location and current activities of their colleagues be-
cause they need to collaborate on-demand, (c) they also need to lo-
cate resources available for the emergency mitigation (e.g. a chain
saw or a concrete breaker), (d) they are not always able to use a
fixed communication infrastructure and (e) they need to share in-
formation with other first responders and also with the command
center. In this work scenariomost of the activities are time-critical.
Problem to be addressed. Firemen must be able to carry out the
interactions represented in Fig. 8, independently of the physical
characteristics of the emergency site. Their life and perhaps other
persons’ lives could depend on it. Therefore, firefighters have to
assume that no communication supportwill be provided in the site
and the interaction capabilities must be embedded in the MSW.
Solution. An MSW has shown to be an appropriate tool to support
the decision-making process in the field during emergencies
[16,23]. The most important requirements associated to MSW
dealing with this activity are the following ones:

– Autonomy of data and services. It is highly recommended for
the MSW to be as autonomous as possible, considering the
large number of decisions that are made in parallel during an
emergency, and the risk represented by the dependence on
centralized components.

– Ad hoc communication. It is important to embed ad hoc com-
munication capabilities in each MSW since the communication
media could be unavailable at a certain place or for a period of
time. The communication support represents the basis for any
other coordination or collaboration service; therefore itmust be
available when required.

– Awareness of firemen availability/location. The incident com-
mander changes periodically the deployment of firefighters in
the field, depending on the evolution of the emergency situa-
tion; therefore s/he must know the firemen’s availability and
location. These two services are critical, not only to coordinate
the response process but also to protect the firefighters’ lives.

– Awareness of resource availability/location. These services are
very important as they help reduce the time required to access
the response resources, which accelerate the response process.

– Information sharing. It is required to retrieve and report infor-
mation about the emergency or the affected area (e.g. pictures,
maps, or hydrant locations). Information sharing could help
make fast and accurate decisions. It improves the effectiveness
of the mitigation process.

– Messaging. This service is required by firemenmainly to deliver
orders and alarms. However, the messaging services are the
basis for many other services, such as file transfer or awareness
of users’ location.

The features common to the described mobile work activities
are characteristics of loosely coupled work, and not only of a
particular work scenario. Therefore, it should be possible to define
an abstract MSW containing the core services to support loosely
coupled work. Then, each particular MSW could be designed
as an instance of the abstract representation. This design reuse
would help reduce the cost and complexity of the development of
appropriate solutions to these design problems; and it might help
improve the quality of the final product.

3. Related work

Various research initiatives have reported the implementation
and usage of mobile collaborative applications in several work

scenarios, such as education, healthcare, business, productive
processes and disaster relief [24,25,16,22,13,26]. Unfortunately,
theydonot describe thedesign of strategies used to support loosely
coupled work [27]. Thus, the potential design solutions behind
such applications cannot be reused in future developments.

Some of these initiatives model particular design issues, such
as awareness [28,29], work context [30], computing support
[15,31] or data synchronization [32,17]. Others focus on the
communication or coordination support required to carry out
loosely coupled work [27,33]. However, these papers do not report
on the design decisions required by the MSW to support loosely
coupled (or multi-synchronous) work.

A notable exception is the work by Su and Mark [34], whom
defined a general model to describe the behavior of nomadic
workers. Their model involves three main concepts: assemblage
of actors, searching for resources and integration with others.
These components consider the communication and coordination
capabilities, and also on-demand interactions. However, themodel
does not consider autonomouswork,which is a significant element
of loosely coupled activities.

The authors have already proposed a couple of comprehensive
solutions for designing MSW [12,18]; however, this proposal
is a step forward towards the definition of a domain-specific
architecture for MSWs supporting loosely coupled work.

Regarding reuse of design knowledge in collaborative systems,
several strategies have been proposed. However, the most
successful approaches include groupware design patterns, pattern
languages and frameworks.

A groupware pattern is a structured description of a solution to
a recurrent problem in a particular groupware context [35]. These
patterns use specific examples, state the groupware problem that
they address, and deliberately scope their context of application.
However, taken in isolation, patterns only represent unrelated
good ideas; thus, a pattern language is required to provide coherent
support for design generation. A pattern language provides a
taxonomy to help designers to find patterns (and related reusable
designs), evaluate the problem from various perspectives, and
develop new solutions [36].

The proposed MSW abstract structure is similar in spirit to
a pattern; because it describes in abstract form and by means
of examples, a solution to the recurrent problem of designing
mobile workspaces for loosely coupled work. Also, it explicitly
establishes the context of use, the problem to be addressed, and
a proposed solution. Furthermore, the proposed abstract structure
is also similar to a pattern language as it aggregates an ensemble of
proved solutions to enable designers to select the most adequate
configuration of communication, coordination and interaction
space. The main difference however, is that our proposal provides
these elements in a more tightly integrated manner that makes it
more specific to the application domain (i.e. mobileworkspaces for
loosely coupled work).

Groupware frameworks provide a structure to organize think-
ing about particular aspects of support, a vocabulary for analyz-
ing activities during collaboration and for comparing solutions on
these aspects, and a set of starting points from which initial solu-
tions could be further developed and refined [37]. There are high-
level frameworks that describe particular aspects of groupware
support at a conceptual level, such as component elements, mech-
anisms used to provide actual support and its uses for collabora-
tion (WHAT to provide, HOW to provide it, and WHEN to provide
it). Also, there are low-level frameworks that include implementa-
tions on specific languages and object hierarchies to facilitate de-
velopment (e.g. DOORS [38] and Manifold Framework [39]), and
design constructs such as multi-level architectures that separate
concerns to deal with specific aspects of the domain one at a time
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(e.g. presentation layer, domain logic, and collaboration logic). De-
spite our proposal forMSWsprovides a structure to organize think-
ing and a vocabulary for designing mobile workspaces for loosely
coupled work, it cannot be used directly to evaluate specific MSWs
due to the abstract nature of the model; thus it lacks the compre-
hensiveness of a framework.

4. The MSW abstract structure

The abstract structure of an MSW is presented considering the
context where an instance application can be used, and also the
problem the collaborative system is able to address. Thus, it is
possible to know in which situations it is possible to reuse the
proposed design in order to obtain particular instances of this
abstract structure. The following subsections describe these three
aspects of this reusable design.

4.1. Context

Most mobile workers carry out loosely coupled (or multi-
synchronous) work [13]. Their style of work involves a sequence
of several autonomous and on-demand collaboration activities.
These activities can be synchronous or asynchronous, and they
can involve three types of actors: peers, formal points and
interim points. Peers are other mobile workers; formal points are
centralized permanent components (e.g. a server); and interim
point are centralized resources that are available at certain periods
of time (e.g. the employees of a commercial office). Interim points
are stationary or have micro-mobility (i.e. they move around a
relatively small area, for example, within an office).

Typically the work context includes features of the physical
environment where the user is located (e.g. wireless network
availability or physical proximity of other users). Since peers are on
themovewhile they carry out the assigned task, theirwork context
is typically dynamic and unpredictable.

4.2. Problem to be addressed

Nomadic workers must be as autonomous as possible, in terms
of the data and services required to perform a task while on the
move. In addition, they must be as connected as possible, because
loosely coupled work typically involves on-demand collaboration.

In an ideal situation, a nomad worker should be able to
interact with others when required, independently of the type
of collaborator (i.e. peers and/or interim/formal points) or the
physical location of the involved actors.

In addition, amobile worker usually needs to locate a particular
resource or collaborator, a task that could be supported by
appropriate services provided by the application.

4.3. Proposed solution

The proposed solution considers two basic components to
support loosely coupled work: (1) an appropriate mobile device
to carry out the specific kind of nomadic work (e.g. a smartphone
or a laptop), and (2) a mobile shared workspace providing the
functionality required to perform the activity and collaborate on-
demand.

AnMSW is amobile collaborative systemwith threemain com-
ponents: the workspace, and communication and coordination
services (Fig. 9).

The workspace is the portion of the office that contains the
resources (i.e. data and services) required to conduct the mobile
activity. Typically, this workspace must be designed to support
personal work; however it also has to be able to provide
access and manipulation of shared resources (e.g. a digital
blueprint or a medical record). In addition, this component has to
provide support for on-demand collaboration. The collaboration

Fig. 9. Abstraction of an MSW.

Fig. 10. Abstract structure of an MSW.

mechanisms are implemented using the communication and
coordination services (Fig. 10).

The communication component provides the connectivity
required by nomadworkers. It establishes theminimal operational
requirements to support computer supported loosely coupled
work. Grigoras and Riordan propose a cost-effective mobile ad hoc
network manager to support this type of mobile communications
situations [40].

Three groups of services are involved in this component:
networking, messaging and communication. Networking is in
charge of keeping a user visible for the rest of the peers.
Messaging provides point-to-point or group messages delivery.
Communication uses the previous services to allowmore complex
communication services, such as peers’ dynamic discovery,
resources location, or alarms delivery.

The coordination component uses communication services
to provide advanced interaction support to mobile workers.
This component includes four sub-components: management of
users and roles, coordination services, an interaction space, and
awareness mechanisms.

User and role management is used to identify nomadic
workers and assign them grants to access shared resources. The
coordination services are those used to manipulate or distribute
shared resources (e.g. file transfer or data synchronization).

Since the proposed abstract structure is an architectural design
component, the communication and coordination services to be
embedded into a MSW could be modeled using particular design
patterns. Some of those communication and coordination patterns
have been proposed by the authors in previous works [27,33].

The interaction space provides services to support the inter-
action between the three types of participants (i.e. peers, interim
points or formal points). The awareness mechanism is used to
know the location and availability of other participants.

Fig. 11 summarizes, through a class diagram, the abstract
structure of an MSW. It is worth noting that the strength of this
abstract model is its high-level descriptive and generative ability,
which allows modeling both current and future MSW.

This approach can be used as a general instrument to evaluate
the structure of a MSW. However, it must not be used to evaluate
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Fig. 11. Structural design of an MSW.

Fig. 12. User interface of the MSW that support construction inspections.

specific functions to be embedded in a particular MSW, because
such functions depend on the results of the instantiation process
performed on the proposed abstract model.

5. Instances of the proposed abstract structure

The proposed abstract structure is the result of a bottom–up
process, in which the authors analyzed and conceptualized the
design behind three already developed MSWs. In this section we
show how to instantiate the proposed structure to design specific
MSWs that support mobile work in the three described work
scenarios.

5.1. MSW for construction inspections

The MSW for construction inspections allows inspectors to
manage several construction projects, each one composed of
several digital blueprints. The inspectors can do hand-written
annotations on thosemaps (i.e. local resource linked to a particular
blueprint) indicating contingency issues (i.e. problems). The
annotations of several inspectors need to be communicated and
integrated in order to diagnose the project state. Eventually, these
annotations have to be removed (or marked as completed) when
the corresponding subcontractor has addressed the problem.

Fig. 12 shows the main user interface of COIN (Construction
Inspector) [19], which is the MSW developed by the authors to
support this activity. COIN has been evaluated in a real scenario

Fig. 13. Local workspace to support construction inspections.

Fig. 14. Coordination mechanisms of the MSW.

and the obtained results show the design to be appropriate in
supporting the inspectors’ loosely coupledwork [19]. In particular,
COIN has shown to reduce the effort spent in coordination
activities. Experimental results indicate the inspection time using
COIN is less than 10% of the time used with the paper-based
process.

The architecture for this MSW can be obtained by instantiating
the proposed abstract structure. The process consists of instantiat-
ing each design component based on the interaction graph (Fig. 4)
and the information from construction inspection scenario. In this
case, theworkspace can be instantiated as shown in Fig. 13 in order
to provide the autonomy of each nomad worker.

The coordination mechanisms must consider interactions
among the four roles represented in the graph shown in Fig. 4. The
instantiation of this component is presented in Fig. 14.

The communication component provides the basic support for
interaction between roles. This component assumes the data of
an inspection can be shared synchronously between two actors,
or asynchronously using an interim/formal point as intermediary.
Fig. 15 presents the instantiation of this component.

5.2. MSW for healthcare

Physicians and nurses will be the users of the MSW to support
hospital work. The use of PDAs or smartphones is recommended
since hospital work involves high mobility and a low data entry
rate [31], and they have indeed been widely adopted in such
settings. Fig. 16 shows the main interface of an MSW supporting
medical staff during ward rounds [14].
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Fig. 15. Mobile connectivity component.

Fig. 16. MSW to support hospital work.

Themenu at the bottom of the user interface shows the options
that are accessible to physicians and nurses. In particular, the left
panel shows a message received by a nurse, while she assists a
patient, notifying her of the proximity of a colleague whom she
needs to contact for information or assistance. The right panel
shows the location of these two workers on the hospital map.

The workspace component of this application is in charge of
supporting personalwork and providing autonomyduring hospital
work. Fig. 17 shows an instantiation of this component for such
scenario.

Fig. 18 shows the coordination mechanisms involved in the
MSW. These mechanisms consider the roles involved in hospital
work, and their interactions. The hospital central services act as
information repository and also as a coordination element.

Similar to the previous case, mobile workers need to do both
autonomous and group work. The users mainly need an updated
copy of the patients’ medical record and/or medication schedules
for autonomous activities. On the other hand, the physicians
typically require more information for group activities, such as
meetings to analyze medical cases.

The instantiation of the communication component is similar
to the previous case. The main differences are the nature of the
information to be shared, the type of updates that can be done on
such data, and the need to deliver alarms (i.e. broadcast) in case of
emergencies.

5.3. MSW for urban emergency responses

Firefighters can use MSWs to support distributed decision-
making and also coordination during emergency response. Fig. 19
shows three user interfaces ofMobileMap [16], anMSWdeveloped
by the authors to support such activities. This application is an
autonomous Geographical Information System running on a PDA
or smartphone. MobileMap uses GPS to locate resources, such as
fire trucks, firefighters and the emergency site.

The system allows on-demand interaction between a fireman
and the command center in order to retrieve/report information
about an emergency. It also provides ad hoc communication

Fig. 17. Workspace supporting hospital work.

Fig. 18. Coordination mechanisms supporting hospital work.

a b c

Fig. 19. MobileMap user interfaces.

and data sharing in the emergency site. It helps the incident
commander, who is in charge of the emergency response process,
to make and communicate her/his decisions.

Fig. 19(a) shows the current location of a fire truck that is
arriving at the emergency site. The interface also indicates the
location of key resources that can be used to support the response
process, such as hydrants, hospitals and police stations. Fig. 19(b)
presents a general characterization of the emergency situation
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Fig. 20. Local workspace to support urban emergency responses.

Fig. 21. Coordination mechanisms to support urban emergency responses.

to be addressed. Fig. 19(c) shows the information resources
related to that emergency, which are available to firemen. This
information could be useful to trigger the response process even
if the firefighters have not already arrived at the emergency site.
For example, in case of a flood or a fire, police officers may trigger
the evacuation of the most vulnerable buildings nearby.

The workspace embedded in MobileMap provides autonomy to
firemen during emergencies. Fig. 20 shows an instantiation of this
component to support urban emergency responses.

The coordination mechanisms must consider interactions
specified in the interaction graph for each application domain
(Fig. 8). The instantiation of this component is presented in Fig. 21.

The instantiation of the communication component is similar
to the previous work scenarios. In fact, this component depends
mainly on the work style to be supported. Therefore it will be
very similar since the three scenarios presented involve multi-
synchronous work.

6. Conclusions and future work

Mobile shared workspaces can offer significant assistance
to nomadic workers; both in terms of increased productivity
[24,41,13,26,42], as well as in the quality of the work performed
[24,25,13,14]. The development of these applications, however,
can be a significant challenge and to our knowledge no previous
research has beenmade to integrate this design knowledge to ease
the development of tools aimed at supporting particular loosely
coupled activities [27].

This article proposes an abstract structure that represents the
essence of an MSW design. The structure was obtained after
analyzing and generalizing the designs behind three already
developed and tested MSWs. The results obtained from the use
of these MSWs show they were successful in supporting loosely
coupled work in the respective application domain.

This abstract structure can be instantiated to design particular
MSW for specific work scenarios. The instantiation process is
simple, facilitating its use by designers of collaborative mobile
solutions. Typically, this practice also allows them to reduce
project risk and complexity, produce a positive impact on the
quality of the final product, and reduce the cost and time spent in
the design process.

We are currently designing an MSW for a new domain, namely,
the work of engineering undergraduate students. The MSW will
allow the students to do various activities, such as write notes
on the lecture slides, share the notes with other students, and
integrate the notes of various students on the slides. The authors
are using the abstract structure proposed in this article for this
design activity. The future results in this application domain will
allow us to have additional evidence of the usefulness of the design
abstraction process.

The next step in this abstraction process is to formally define a
domain-specific architecture forMSWs supporting loosely coupled
work. This will considerably increase the applicability of this
proposal.
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