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ABSTRACT

In this position paper, we introduce the situated activity model,

an activity theory informed activity-based computing (ABC)
model that unites the description of activity and situated con-
texts into one computational model. By introducing a unified
activity model, we seek to connect cross domain activity sys-
tems ranging from desktop systems to pervasive computing
and beyond. In this paper, we describe (i) the situated ac-
tivity model (SAM), (ii) a conceptual description of a generic
cloud-based architecture for the prototyping and development
of situated activity systems (SAS) and (iii) the value of the
situated activity approach in different application domains.
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INTRODUCTION

Activity-based computing (ABC) is a term, originally pro-
posed by Apple Research [15], to define a new interaction
paradigm that supports activities that users perform rather
then the tools they use. The purpose of task- or activity-
based computing is to aggregate relevant resources and tools
into a higher level structure, activity (or task), that represents
an intention of work. Since its first introduction, many dif-
ferent approaches to ABC have been proposed to structure
parallel work, context or even augmented interaction in the
world. These approaches focus on different areas in Human-
Computer Interaction (HCI), ranging from the classic desktop
interface [1, 6, 14, 16] and more recently ubiquitous comput-
ing [2, 5, 12].

Activity theory [7] has been introduced to the HCI commu-
nity to theorize the interaction between humans and comput-
ers using activity as a unit of analysis. Over the years, ac-
tivity theory has been refined into models that provide a de-

sign space to translate concepts of activity theory to interac-
tion design [9, 4]. In parallel, a bottom-up approach has been
used to embed the theoretical notion of activity in work prac-
tices through empirical studies, resulting in guidelines and
principles for frameworks or systems [1, 16] and meta mod-
els [13]. However, in her reflection on second wave HCI theo-
ries [3], Suzanne Bgdker argues that the application of second
wave theories, including activity theory, did not complete its
achievements as it failed to describe the shared mediation and
context between different situations.

Despite the myriad of both theoretical and system approaches
to ABC, there is thus no generic activity structure, which im-
plies that there is no unified approach to building or connect-
ing ubicomp ABC systems. Because of this, comparing, eval-
uating, understanding and prototyping systems is difficult.
Moreover, there is a gap between the model of activity (in
the form of resources, services and contacts) and the use con-
text of activity (in the form of tools or settings). There is thus
a fragmentation in both activity descriptions and activity sys-
tems. As an approach to these problems, this paper first pro-
poses the situated activity model (SAM), an activity theory
informed ABC model that unites the description of activity
and situated contexts into one computational construct. Sec-
ond, it describes a cloud - based architecture that can be used
for the development of interconnected situated activity sys-
tems (SAS). Finally, the paper discusses the potential value of
the model and architecture for different application domains.

ACTIVITY THEORY

Activity theory (AT) is a psychological framework that de-
scribes human activity as a relation between the subject (S)
(human or group that acts in the world), object (O) (which is
acted upon and motivates the activity) and the community (C)
(or social strata in which the activity is engaged) [7]. The mo-
tivation of activity is projected and reflected into an outcome,
which is the contribution of activity.

The S-O-C relation is mediated by instruments, rules and di-
vision of labour. First, instruments provide the subject with
a way to act in the world. They externalize the act in the
world through enactment and are shaped by affordance and
resistance. Second, rules define how the act of the subject is
embedded in the social context. It socializes the act in the
environment, culture and world. Third, division of labour
structures the relation between the social strata and the ob-
ject of the activity. It links the distribution of work among
community to the hierarchical motive towards the object.
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Figure 1. The situated activity model (SAM) is computational represen-
tation of activity that describes both global and situated context infor-
mation.

Activity is not a fixed structure but a dynamic hierarchical in-
teraction between the activity itself driven by motivation, con-
scious goal-directed actions and unconscious operations that
are performed when certain conditions are met. Additionally,
Engestrom [8] categorized four fundamental processes that
are an interwoven into this hierarchy. These processes are:
(i) production, (ii) consumption, (iii) exchange and (iv) dis-
tribution. In summary, activities are why we do something;
actions are what we do it; and operations are how we do [11].

As activity theory moves into its third generation, it has be-
come clear that the unit of analysis is expanding from an in-
dividual analysis to a global analysis that comprises not only
the individual, community, and artefacts but also the intercon-
nectivity between activity systems. The focus is on networks
of interacting activity systems, the dialogues between these
systems and the multiple perspectives of these networks of
activity [8]. Activity is not an isolated unit of analysis but an
integral part of the psychological synthesis of life.

SITUATED ACTIVITY MODEL

The main purpose of Activity-Based Computing (ABC) sys-
tems is to lower the amount of configuration work needed to
complete a task. We define configuration work as the amount
of work needed to locate, open and arrange all necessary
resources required to complete the objective of an activity.
In traditional computing, the user is responsible for the (re-
) configuration and maintenance of the workspace to fit the
needs of the ongoing activities. ABC systems however can
support this configuration of activities on three different lev-
els:

1. Interlinking: The first level of configuration is the linking
and logical association of activities with actions, resources,
actors and community. At this level the resources and re-
quirements of the activity are defined.

2. Situating: The second level situates the deployed activity
in the local context through the setting. Several aspects of
an activity, defined by the setting of the deployment, are

highly coupled with the local context, and this configura-
tion level accounts for this. The situating level describes
how the activity can be used in a given context or situation.

3. Visualizing: The third level applies a visualization to the

activity. As activities can be consumed on very different
devices, different visualization techniques are available. This
final level defines how the context of activity is presented.

The situated activity model (SAM) (Figure 1) draws from the
basic concepts of AT to provide a computational activity rep-
resentation that extends the existing activity-based computing
[1] model with situated context. It thus merges both the de-
scriptions of the interlinking and situating configuration level
into one unified model that can be used to describe and vi-
sualize system-mediated activities on different platforms or
systems. The model makes a distinction between global and
situated information.

Global Activity Information

The global activity information is in many ways similar to
the original activity-based computing model [1]. It is com-
posed of several interlinked subcomponents that define the
content of the activity. Each activity is subdivided into a set
of actions, which are subtasks that are part of the activity.
Actions structure how actors interact with the different re-
sources, such as files and folder, and services, such as web
services. Additionally, actions can be modelled as workflows,
which are structured or unstructured sequences of actions that
are imposed or defined by the participants.

Participants are human agents that are digitally represented
in the system as part of the activity. Participants can be both
actors and collaborators. Actors interact with the system,
motivated to complete the objective for which the system was
designed. They act on the system by using tools that are rel-
evant and related to the activity. Although actors are part of
the activity, they own, shape, define, consume, and share ac-
tivities by interacting with the system. Collaborators are sec-
ondary actors that are not directly involved in the situation of
the interaction of the activity, but contribute to its relevance.
They represent external stakeholders that influence and define
the object of the activity. Both the capabilities of actors and
collaborators are defined through roles. Roles define what
actions are accessible and executable by a participant.

Since every activity is an evolving structure, it is embedded
into its own history. Each event that occurs within the activity
is logged and stored into the activity itself for persistence and
reflection. History can be used to track changes in parts the
activity, create an awareness on different aspects of the activ-
ity or simply to visualize the evolution of the activity. Each
activity is uniquely defined by an identity which consists of
meta data such as a name, image or description and a unique
reference number (e.g. GUID'). An activity can be connected
to other activities thereby creating a hierarchical relationship
or references between activities.

'Globally Unique Identifier
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Figure 2. The subprocesses in a SAM lifecycle.

Situated Activity Information

Because a deployment of an activity description is always siz-
uated and thereby defined by context (environment and social
setting in which the activity is used), it is also described by
additional context dependent subcomponents. Note that an
activity can have multiple contexts depending on different de-
ployments. Tools represent both physical and digital artifacts
that allow actors to interact with digital resources accessible
through the system. A tool can thus be an application that is
shown on a screen or a sensor network that is gathering infor-
mation about the actor. Besides tools, actors also use physi-
cal artifacts that are transformed into tools by augmentation
of the system. Tools are the local interface to the actions and
digital resources of the activity and thus determine how the
activity is consumed.

The setting in which the activity is engaged, is the environ-
ment, system or situation in which the activity occurs. It is
represented to the user through a view of the setting, provid-
ing actors with a level of intelligibility. The view is a men-
tal affordance and interactive tool that describes and demon-
strates the capabilities of the system in the setting to the actor.
A wall-mounted display or glyph [10] for example, can be a
view to represent the capabilities of the setting for the current
activity in a pervasive environment while an activity dock or
taskbar can be used as a view for desktop systems. The view
thus describes how the activity is situated and how it can be
consumed. Rules define the policy and access to workflows
or actions and are used by the local system to determine how
the activity is handled.

Each deployed activity has a lifecycle that determines how
the context of the activity is handled by the situated system.
The lifecycle consists of the four processes identified by En-
gestrom [7]. The processes are: (i) production (create, delete
and modify), (ii) consumption (initialize, suspend and resume),
(iii) exchange (share and roam) and (iv) distribution (external-
ize) (Figure 2).

BUILDING SITUATED ACTIVITY SYSTEMS

By allowing for the deployment of different activity systems
that can be interconnected, activities are not confined within
one system but can be consumed in all interconnected sys-
tems through adaptation of the context. To make the network
of interconnected activity systems concrete on a system level,
we propose a lightweight but standardized toolkit that can be
used to design, prototype and develop interconnected situated
activity systems (SAS). The purpose of the toolkit is to pro-
vide a lightweight but scalable framework for the develop-
ment of activity-centric systems. Conceptually, the architec-
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Figure 3. The architecture of the Activity Cloud Toolkit.

ture of the toolkit is composed of two major components: (i)
the activity cloud and the (ii) the situated activity system (Fig-
ure 3).

Activity Cloud

The main purpose of the activity cloud is to provide a cen-
tral activity management system that connects different situ-
ated activity systems (SAS) to a cloud-based global activity
service. The global activity service is composed of different
cloud services that are accessible through the global activity
manager. Local activity systems can access the cloud man-
ager through a REST-based publish subscribe mechanism.
The activity store is used to store SAM descriptions of differ-
ent SAS. These descriptions are accessible by all connected
situated activity systems based on the rules defined in the ac-
tivity access service. These rules grant local activity systems
with authorization to access, modify or manage stored activ-
ities. The activity access service also defines how activities
and their resources are synchronized with the local activity
service. Based on the specification of the local SAS, the
cloud synchronization methods can be adjusted. The activ-
ity cloud also provides a mechanism to store resources that
are shared or exchanged between different SAS’s as it allows
for the storage of data through a Binary Large Object (Blob)
storage. The access to these shared files is managed by the
activity manager and should be defined in the local SAS’s

Situated Activity System

A situated activity system (SAS) is an SAM-based interaction
design system that is composed of two main parts: a local dis-
tributed activity service and activity clients. Although both
components are architecturally separated, they can be physi-
cally used on one device. The local activity service provides
support for local activity roaming, sharing and access over all
devices that are part of the situated activity system.

The distributed activity manager has a local activity store and
access mechanism that has two purposes. First, it is used to
manage the activities that are used and shared by different lo-
cal activity clients. All activity clients are thus connected to



a central repository that handles synchronization, distribution
and location tracking of the clients. Second, the local activity
service is connected to the global activity service for persis-
tence and real time updates from outside the activity system.
Additionally, the local service also provides support for real-
time communication between different clients. All devices
that are part of the activity system are connected to the lo-
cal activity manager through an activity client. This client
itself is composed of: (i) activity integration services for spe-
cific platforms or devices that merge the activity representa-
tion into the existing experience, (ii) an activity or task-based
user interface (ABC/UI) design and (iii) a tangible or wear-
able computing layer that connects physical objects with the
activity client based on the SAM.

The three components, Global Activity Service, Local Activ-
ity Service, and Activity Client correspond in their roles to the
three configurations levels as described earlier. The Global
Activity Service provides global accessible storage and ac-
cess to SAM descriptions of different SAS. The Local Ac-
tivity Service is able to situate activity models in the context
of the deployment - e.g. through location tracking informa-
tion - as defined in the second configuration level. Finally,
the Activity Client provides a Ul to visualize the activity as
described in the third configuration level.

ONGOING AND FUTURE WORK

We are currently in the process of developing the basic toolkit
and underlying activity cloud infrastructure. The goal is to
test the toolkit (both the model and architecture) by building
ABC support for two very different domains: nomadic work
in a hospital and global software development collaboration.
We choose these settings as previous and current research in
the work practices of these domains, allows us to gain great
insight in to how work is structured and conducted. Further-
more, we will be able to test our systems in real use settings
for end-user validation.

Global Software Development

Global Software Development (GSD) is a development method
where the production of software is carried out in multiple
locations. The geographical displacement of software teams
in GSD however introduces physical, temporal, and cultural
challenges. One of the main methods to overcome these chal-
lenges is to make extensive use of groupware technologies
that allows for collaboration across distances. We have iden-
tified a number of different aspects of GSD for which we see
an applicability for SAM:

e With the physical distance between teams, all resources
should be shared on the network. We can allow this us-
ing the cloud activity manager.

e There are clear situated activity systems in GSD, namely
those identified with the different physical locations. These
different systems however are highly interlinked and share
an outcome. We can model the systems through different
local activity systems, all connected to the activity cloud.

e An activity-centric approach to GSD allows for the link-
ing of different design artifacts, e.g. source code, design
documents or project plans, in to activities

e All physical items, such as PC’s tablets, digital Scrum boards
etc. can be connected to the local activity manager allow-
ing all time access to relevant information.

Workflow in Hospital Units

Based on observations in the hospital, we describe the work-
flow of clinicians in a patient ward as nomadic. Nomadic
workflow — as compared to mobile work — essentially means
that clinicians, instead of being able to carry a laptop or other
devices and sit at desks in different location, roam through
different departments of the hospital while doing their work.
Hence, their work is heavily influenced by collaborations with
other clinicians, they regularly use public and shared devices
and their general work pattern is characterized by planning
and re-planning. Additionally, next to digital artefacts, clin-
icians also use a large set of medical tools and objects that
play an important role in the care of patient.

e Because the entire workflow in a hospital is focused to-
wards patients and their care, it maps on the activity-centric
approach of the SAM. All patient information as well as the
tools to provide the care can be united into one meaningful
structure.

e The nomadic workflow implies that patient information should
be ubiquitous, interconnected with stakeholders and avail-
able on different locations at different times. The activity
cloud can be used to provide this global availability of in-
formation. Additionally, it can also be used to provide new
activity-centric functionality such as remote patient access
or monitoring.

e On alocal level, the general patient information can be de-
ployed as a situated activity system. These systems can be
an entire department but also a single room that is hosting
multiple patients. Because of the link to the global activity
cloud, these systems can interact with each other, thereby
simplifying collaboration and providing a level of aware-
ness on the patient beyond the local department.

e Physical objects that are related to the patient, such as blood
samples, paper documents or medication, can be connected
to the activity of the patient.

CONCLUSION

In this paper, we propose a new model and architecture to pro-
totype and develop activity-centric systems. The situated ac-
tivity model (SAM) unites the description of activity and sit-
uated contexts into one computational representation and can
be used to model system-mediated activity. We discussed the
theoretical ground of the model, the conceptual architecture
of the toolkit and their potential application in different do-
mains. Future work includes supporting multiple platforms,
refining the toolkit and deploying situated activity systems in
different domains to validate the approach.
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