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Abstract Current Workflow Management Systems only cap-
ture the start time and end time of tasks and it is difficult for
managers to track how much time is actually spent on a par-
ticular task if multiple tasks are performed concurrently. Thus,
managers may have problems accurately arranging tasks and
evaluating costs. In order to facilitate collaboration manage-
ment in multitasking environments, we propose a workflow-
aware attention tracking framework that integrates the concept
of attention with workflow models. We first design the meta-
model of workflow-aware attention tracking. We further de-
rive seven rules for attention tracking in multitasking collab-
oration using Object Constraint Language. Based on the rules
and meta-model, we develop a procedure for attention rule
verification, and present an architecture for workflow-aware
attention tracking systems. This research contributes to
workflow management by adding attention awareness for col-
laboration management in multitasking environments.
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1 Introduction

The increased globalization and vertical disintegration of large
organizations means also that many tasks are accomplished by
virtual teams (Majchrzak et al. 2000; Smith and McKeen
2011). Although today’s workflow management systems
(WFMSs) support defining, managing, and executing busi-
ness processes in collaborative work teams (Zeng and Zhao
2005), they often assume that one actor is working on a single
task at a time (Spink et al. 2008). In reality, each task may be
collaboratively accomplished by several participants and a
worker may engage in several tasks, which are dependent on
each other (Zhao et al. 2006). Participants work cooperatively
to achieve the common goal. In such a multitasking environ-
ment, it is usually difficult to track how much effort team
members spend on a particular task because people may work
on several tasks that may span over several projects
simultaneously.

In order to address the issues in managing multitasking
collaboration, we propose a workflow-aware attention track-
ing approach, which captures the attention resource paid to an
activity by a particular person. Psychologists have intensively
studied human attention. Some of them view attention as a set
of cognitive and perceptual processes (Norman 1968) that
guide individuals to react to environmental stimuli (Roda
and Thomas 2006), while others treat attention as a type of
cognitive resource that guides actions (Davenport and Beck
2001). In this paper, we define attention as an important cog-
nitive resource that enables people to act, reason, and commu-
nicate when performing activities to accomplish tasks (Nabeth
2008). One’s attention to a task can be described by time and
percentage of cognitive capability that are spent on the task.
Since attention is a necessary resource for performing any
activity, the attention resource allocated to a task provides a
good indicator of the effort that one puts into a particular task.
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Attention allocation information provides managers with an
effective way to monitor the real-time progress of tasks even
when task deliverables are not ready. In addition, different
from prior discussion about human or machine resource allo-
cation (Delias et al. 2011), attention resources have unique
features such as the attention deficit problem (Davenport and
Beck 2001).

Though existing information systems such asWFMSs usu-
ally record the start and end time of tasks and the people who
are assigned to each task, it is very difficult to calculate how
much time and effort is actually spent on a particular task if
multiple tasks are performed at the same time. For example, if
Task A and Task B are assigned to Tom at the same time and
he finishes the two tasks 2 h later, it is hard to know how Tom
distributed his time and effort between the tasks. Note that this
is only the simplest example of multitasking in teams and real
cases would be much more complicated. The missing infor-
mation of Tom’s time and effort distribution means collabora-
tors have no ability to monitor and audit task progress, and
making it difficult for managers to manage projects
effectively.

The basic assumption of WFMSs is that a workflow will
transit from one state to another when a task is completed;
otherwise, nothing happens. WFMSs usually do not capture
what has been done to accomplish a task. Accounting for
individual time and effort in multitasking environments may
cause several problems:

1. Managers cannot accurately estimate the cost for each
task or project because workers may work on other tasks
as well during the same time period.

2. Managers may not be able to monitor progress effectively
because they do not get updated progress information
until the task is completed (e.g., deliverables are submit-
ted). Unexpected difficulties in one task may affect the
outcome of all projects that the worker is involved in.

3. The productivity of workers may be affected if they work
on too many concurrent tasks, due to switching between
tasks and interruptions.

In this paper, we propose a workflow-aware attention track-
ing framework to facilitate multitasking collaboration man-
agement. We use UML to represent the meta-model and
Object Constraint Language (OCL) to define the constraints
of attention tracking. Our study tries to improve current
WFMSs by enabling attention tracking to improve account-
ability in multitasking collaborative work teams. The attention
tracking function treats attention as a unique cognitive re-
source of actors that is necessary for performing activities in
workflow tasks. Attention allocated to an activity can be de-
scribed by the time period and percentage of cognitive capac-
ity, which could be self-reported or captured by tracking tech-
nologies such as visual tracking and keystroke logging. We

also derive seven rules for attention rule verification in multi-
tasking collaboration. Finally, we propose a basic architecture
for an attention tracking system based on the attention track-
ing meta-model and rules. The remainder of the paper is or-
ganized as follows. Section 2 reviews related literature. In
Sections 3, we describe attention allocation problem in multi-
tasking collaboration. In Section 4, we formally define the
workflow-aware attention meta-model and derive rules for
attention tracking in multitasking collaboration in Section 5.
In Section 6, we propose an architecture of our workflow-
aware attention tracking systems. We give examples of atten-
tion tracking in multitasking collaboration and apply
principles in Section 7. Finally, the conclusion discusses
contributions and limitations.

2 Literature review

2.1 Attention

Collaboration requires a group of people to engage in a task
and complete the task during the required time period.
Attention is one of the key resources for collaborators to per-
form any actions to accomplish a task. Davenport and Beck
(2000) found that managing human attention significantly in-
fluenced the performance of the collaboration team. Prior
studies interpreted attention from both process and resource
perspectives.

From the process perspective, attention is generally consid-
ered as a set of processes that guide the selection of environ-
mental stimuli to be attended to (Roda and Thomas 2006). It
emphasizes the set of processes by which collaborators select
related information and then decide to allocate their cognitive
resources (e.g., memory) on a particular subject (Nabeth
2008). For example, attention is developed from this perspec-
tive in Human-Computer Interaction (HCI) research, and the
design of attention systems focuses on supporting human at-
tention processes (Vertegaal 2003).

From the resource perspective, attention is a part of human
cognitive and perceptual resources. In knowledge-intensive
environments, attention is an especially scarce resource
(Hansen and Haas 2001). In a collaborative project, collabo-
rators need to allocate their attention resources to tasks that
they participate in. Usually, more difficult tasks require more
attention resources from collaborators. The resource perspec-
tive is also adopted in organizational research, which states
that the limited attention resource of humans results in their
bounded capability to perform activities (Ocasio 1997).
Attention has been found to be closely related to task perfor-
mance (Davenport and Beck 2001). Existing literature shows
that the performance of collaborators might be compromised
if too many tasks are competing for attention resources from a
person (Hansen and Haas 2001; Ocasio 1997).
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In this research, we define attention as a type of cognitive
resource required for people to conduct activities to accom-
plish assigned tasks (Davenport and Beck 2000, 2001; Nabeth
2008). Different from cognitive resources such as long-term
and short-term memory, attention resource can be measured
from two dimensions: time and percentage of cognitive capac-
ity, which could be reported by people themselves. Time eval-
uates how long individuals allocate their attention resource to
the tasks. Percentage of cognitive capacity assesses the degree
or level of attention allocated to a particular task. Attention
describes how much cognitive effort one puts into an activity
during a specific time period. Percentage of cognitive capacity
can also be automatically captured by technologies (e.g., key-
stroke logging or visual tracking).

2.2 Workflow technology

Workflow is the automation of a business process (Fan et al.
2012). Basu and Kumar (2002) summarized three predomi-
nant views of workflows. First, a process is regarded as the
combination of individual tasks which are conducted by var-
ious actors within organizations. The integration of tasks rep-
resents a workflow for the business process. Second,
workflow is the automatic operation of a business process,
during which information, documents, or tasks are transferred
from one actor to another for execution, according to the de-
fined procedural rules. Third, workflow is defined as a partic-
ular type of process that has many characteristics, such as
predictability, repeatability, distributed and automation.
Regardless of which definitions, we find that a workflow is
composed of various tasks which are executed by different
actors with the consumption of different resources under the
predefined rules.

Process design is the fundamental step of workflow man-
agement. In process design, the tasks and their mutual rela-
tionships (e.g., task hierarchy and dependency) are analyzed.
Most existing WFMSs use roles to manage task assignments
(Bui and Sankaran 2001). All roles in a team should be iden-
tified before executing the tasks. As a metaphor for the indi-
vidual, roles define which actors are going to execute the
assigned set of tasks. The benefits of role definition can be
seen from different aspects. The role not only represents re-
sponsibility of actors for a set of tasks, but also shows their
expertise. For instance, the database manager should have
more experience and knowledge with the database than the
interface designer in a software development team. Aalst and
Kumar (2001) proposed two dynamic mechanisms to assign
workflow tasks to individuals, namely the push approach and
the pull approach. In the push approach, WFMSs automatical-
ly assign the tasks to the specific actors based on the defined
rules and process. In the pull approach, the same task is of-
fered to different actors, then the actors decide whether they
will accept it. WFMSs identify the actors who have the related

expertise to conduct the tasks and then check their schedules
to determine availability.

Traditional WFMSs only record which tasks are assigned
to which actors and managers cannot accurately estimate cost
of effort for a particular task (Wynn et al. 2013). Further, it is
very difficult for managers to monitor the progress of tasks
because they have no information about ongoing tasks until
the tasks is completed. Our proposed workflow-aware atten-
tion tracking framework addresses the problem by adding at-
tention as a unique resource for workflowmanagement, which
is rarely examined in prior workflow literature.

3 Attention in multitasking collaboration

Two unique characterisitcis of attention are very important for
multitasking collaboration: concurrency and switching fre-
quency (Salvucci et al. 2009) (see Table 1). When participat-
ing in collaboration, the attention of actors may be at either
low or high level of concurrency (or switching frequency).
The frequency of switching represents how often individuals
need to switch their attention from one task to another. In a
multitasking context, people need to switch and resume tasks
frequently (Altmann and Gray 2008). Switching one task to
another requires participants to rehearse the problem represen-
tation and recall the task context (Altmann and Trafton 2007).
Thus, this switching process reduces work productivity and
engages actors in a high-level cognitive load (Kim and Kim
2011). The task switching cost and interruption overheads
have beenwell established in the literature on attentionmodels
(Salvucci et al. 2009). The switching cost may vary consider-
ably depending on the nature of tasks (e.g., similarity among
tasks and complexity). The switching cost is closely related to
the way that multiple tasks are represented and arranged (Kim
and Kim 2011). The similarity of problem representation and
task context significantly influences their switching cost.
Switching from different tasks towards the same or similar
goals will be easier than switching to different types of tasks
that require different knowledge.

Concurrency represents howmany tasks collaborators need
to engage in during a specific time period (Patten et al. 2004).
People can pay attention to multiple tasks simultaneously. For
instance, a project manager can write a report while he partic-
ipates in a remote meeting. In low-level concurrency, people
work on a single task at the same time. The concentrated
attention enables them to fully engage in one particular task.
High-level concurrency requires people to work on different
tasks at the same time. Similiar to switching frequency, too
many concurrent tasks may distract attention allocation and
reduce productivity of collaborators. Thus, people who work
on tasks that require intensive knowledge should try to avoid
high concurrency of attention.
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The unit of attention can be measured at different levels of
granularity, such asmonths, days, hours, and even seconds. The
granularity of attention assessment should be chosen based on
the project demands. For instance, if we report attention alloca-
tion by days in a several-month project, we have enough infor-
mation to know what collaborators do every day. It will be
feasible for team leaders to track task progress and audit atten-
tion allocation of team members. However, if attention alloca-
tion is measured with a finer granularity (e.g., hourly), it is
costly to collect and analyze the attention allocation data.
Therefore, practitioners need to choose the appropriate level
of granularity according to the practical requirement of projects.

Figure 1 describes the scenario of attention allocation in
multitasking context. In WFMSs, the project is hierarchically
separated into different tasks, which are further decomposed
into activities. Activites are performed by different actors.
Each activity may require participation of multiple actors,
while each actor may need to accomplish several activities
(Russell et al. 2005). Different activities will compete for at-
tention of actors. As stated Fig. 1, Actor 1 needs to participate
in three activities (i.e., Activity 1,2, and 3) during the time
period of (1,3). Compared to Actor 2, Actor 1 works on three
tasks during (1,2) and engage in a high level of concurrency.
In this scenario, Actor 2 could conduct Activity 4 after he/she
finishes Activity 3. Actor 2 only needs to switches his atten-
tion once (e.g., switch from Activity 3 to Activity 4 at time
point 3). Actor 1 has to switch among three different activities
and has a high level of switching frequency in this project.
However, attention allocation of actors are not captured by
existing WFMSs and it is very difficult for managers to know
how much effort Actors 1 and 2 spend on each task. Next, we
will introduce the work-aware attention tracking approach to
facilitate collaboration management in multitasking contexts.

4 Workflow-aware attention tracking meta-model

Figure 2 shows the attention tracking meta-model. It extends
the existing workflow meta-models (Aalst and Kumar 2001;

Chiu et al. 1999; Rosemann andMuehlen 1998) by adding the
concept of attention. The classes in the meta-model are intro-
duced in the rest of this section.

Workflow process is case-based, which means that every
instance of workflow is executed for a specific case (Aalst
1998). A case of workflow usually solves a project.
Examples of cases are customer complaint, purchase order,
tax declaration, and so on. Cases are usually initiated by ex-
ternal or internal customers. The goal of workflow manage-
ment is to standardize the process of case handling and handle
cases as efficiently as possible. The most important aspect of a
workflow model is tasks and relationship among tasks, which
are usually represented as flow diagrams in the workflow
management literature (Georgakopoulos et al. 1995). Many
cases can be handled by following the same workflow model.
For example, a customer order handling workflow can handle
different customers who may purchase different items. Each
customer order can be treated as a case.

Definition 1 A case is an instance of a problem that requires
execution of the workflow.

Table 1 Concurrency and Switching Frequency of Attention

Low concurrency High concurrency

Low switching frequency An actor works on one task at a time. A new task will be
assigned only when the current task is finished.

Example: Tom participates in a remote meeting to discuss
a project plan from 9:00 am to 11:00 am.

An actor works on several tasks at the same time.
Example: Tom writes a customer requirement report

while he participates in a remote meeting to discuss
a project plan from 9:00 am to 11:00 am.

High switching frequency An actor has many tasks assigned to him. He works on one
task at a time but needs to switch from task to task
frequently.

Example: Tom interviews customers from 9:00 am to
10:00 am and 11:00 am to 12:00 pm. From 10:00 am
to 11:00 am, he participates in a remote meeting to
discuss a project plan.

An actor has many tasks assigned to him. He works
on several tasks at a time. He also needs to switch
from task to task frequently.

Example: Tom interviews customers from 9:00 am to
10:00 am and 11:00 am to 12:00 pm. From 10:00 am
to 11:00 am, he participates in a meeting to discuss a
project plan and writes a customer requirement report.

Attention

Resources
Attention

Resources

Project

Task 2Task 1

Activity 1
Time: (0,2)

Activity 4

Time: (3,4)

Activity 3

Time: (1,3)

Activity 2

Time: (0,3)

Allocation Allocation

Actor 1
Actor 2

Fig. 1 Task Assignment and Attention Allocation in CollaborativeWork
Teams
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Tasks in workflow models are modeled as
nodes, and the dependency relationships are
modeled as links among nodes. Activities and
tasks are both used to represent workflow steps
in the literature. But they emphasize different
perspectives. The theory of organizational rou-
tines conceptualizes routines as consisting of
ostensive aspects and performative aspects
(Feldman and Pentland 2003). The ostensive
aspect is the ideal or schematic form of a routine.
It is the abstract, generalized idea of the routine,
or the routine in principle. The performative as-
pect of the routine consists of specific actions,
by specific people, in specific places and times.
It is the routine in practice. Both of these aspects
are necessary for an organizational routine to
exist. Aalst and Kumar (2001) use activity and
task to represent these two perspectives. One
major difference between activities and tasks is
that an activity is the smallest unit of work while
tasks can be decomposed into activities.

Definition 2 A task is a unit of work that transforms input
information objects into output information
objects.

Definition 3 An activity is an instantiation of a task and
corresponds to the smallest unit of actual exe-
cution of a task. If an activity is only performed
by one person, then it is an individual activity.
Otherwise, it is a collaborative activity.

Actors in organizations are people who per-
form activities to solve problems. Each actor
has the capability, knowledge, and skills to
solve certain problems in the organization.
Actors in an organization can be classified by
the roles they play. A role can be used to rep-
resent the required skills and capabilities for
that position. One actor may have multiple
roles, and several actors may share the same
role. For example, the role can be a clerk, and
the actors qualified to perform that role are
Mary, Tom, and Bill. Note that, in general, a
given actor may be qualified to perform one or
more roles and a role should have at least one
qualified worker. The workflow system main-
tains a mapping from roles to actors.

Definition 4 An actor is a human that can perform activities.
Definition 5 Role is a generic identifier for a group of

workers with the required skills.

Attention belongs to actors in an organization and is
needed for performing any activities. Attention allocated
to an activity can be described by the time period and
percentage of cognitive capacity, which is used to esti-
mate the amount of attention spent on an activity. Since
the measurement of attention resource is difficult, we
can use several indicators to estimate how much atten-
tion is allocated to a particular activity. For example,
user self-reported percentage of attention is usually a

0..*
case

case_ID
start_time
end_time

task
task_ID
start_time
end_time
pre_con
post_con

actor

actor_ID
capability

attention

percentage
start_time
end_time

role

role_ID
skill set

Individual 
activity

operation

collaborative 
activity

operation
numberOfActors

activity

activity_ID
start_time
end_time

pre_task

post_task
0..*

0..* 1..*1..*1..1

1..1

1..1

1..1

1..1

1..*

1..*

0..*

2..*

1..1

1..*

Fig. 2 Workflow-aware
Attention Tracking Meta-model
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good indicator because the user knows better than any-
one else how much cognitive resource is spent on
which activity. Other potential indicators include key-
stroke logging and visual tracking. For instance, the
document monitoring functions could report how many
words each writer has typed. The detailed technology
for attention indicators is out of the scope of this paper.
Definition 6. Attention is the cognitive resource of ac-
tors, which is needed when performing activities.
Attention paid to an activity is described by its starting
time, ending time, and percentage of cognitive capacity
as (percentage, (start_time, end_time)).

For example, from 8:00 am to 9:00 am, a worker can spend
50 % of his attention on participating in a remote meeting and
the other 50 % of his attention on writing a report. The
worker’s self-estimation could represent how he distributed
his attention among different tasks. We describe this attention
distribution with the following expression: attention paid to
meeting (0.5, (8:00, 9:00)), and attention paid to writing a
report (0.5, (8:00, 9:00)).

Figure 2 also list some representative attributes. Note
that these attributes are by no means exhaustive. We
only listed some illustrative attributes and those that
are considered to be directly related to attention aware-
ness in the meta-model.

5 Rules of attention tracking in multitasking
collaboration

The attention tracking meta-model does not express con-
straints that need to be satisfied in workflow manage-
ment. In this section, we will model constraints of at-
tention tracking in Object Contraint Language (OCL)
(Aalst and Kumar 2001). OCL started as a complement
to the UML notation with the goal of overcoming the
limitations of UML in terms of precisely specifying de-
tailed aspects of a system design (Cabot and Gogolla
2012). OCL uses invariants to state all necessary condi-
tions that must be satisfied in each possible instantiation
of the model.

The meta-model in Fig. 2 shows cardinality constraints
among classes. For example, each case may have multiple

tasks and each task can be performed by multiple activities.
However, the cardinality constraint cannot precisely define the
requirement for attention tracking in multitasking collabora-
tion. For example, a collaborative activity requires three par-
ticipants. The cardinality constraint only specifies that multi-
ple attention resources are allocated to the activity. This rule
may not be precise since the exact number of attention to be
allocated to the activity. Based on the attention concept we
discussed in Section 3, we propose seven rules in this section.
Note that the rules proposed in this paper are not exhaustive.
Future work can explore other aspects of attention (such as
team attention) and propose more rules for attention tracking
in multitasking collaboration.

Rule 1 (Minimum time unit of attention) Attention allocated
to perform a certain activity should last for at least a
minimum amount of time before the actor switches to
other activities.

R1ð Þ Context : attention
self :End time−self :Start time > c

Here, c is a predefined minimum unit of continuous work-
ing time. Integrity constraints in OCL are represented as in-
variants defined in the context of a specific type, named the
context type of the constraint. Its body, the Boolean con-
dition to be checked, must be satisfied by all instances of
the context type. The self variable represents an arbitrary
instance of the context class. As discussed in Section 3,
switching attention from one activity to another requires
cognitive cost. Thus, an actor must allocate attention re-
source that is more than the switching cost to perform an
activity. The constant will be different depending on the
complexity of tasks. For complicated cases that require
intensive knowledge and high cognitive load, more time
will be needed. The minimum time unit of attention can
also be chosen for practical concerns. For instance, it will
be very costly to keep track of a one-year project in terms
of hours. Defining the minimum time unit of attention
could reduce complexity of attention tracking.
Rule 2 (Compatibility with case schedule) All actors must

allocate their attention resource to the activities with-
in the start and end time of the workflow case.

R2ð Þ Context : case
self : task :activity :attention− > forAll aja:start time >¼ self :start time and a:end time <¼ self :end timeð Þ

Another important concept of OCL is collections. The
arrow “->” is used to access collections. forAll specifies
constraints that should be satisfied by all elements in a
collection. self.task gives all tasks for a workflow case.

Similarly, self.task.activity.attention gives all attention re-
sources allocated to a case. The forAll expression tests
whether the time periods of all attention allocated to tasks
belonging to a case fall into the range of the case.
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Rule 3 (Limited attention resource) In any minimum
time unit of attention, the addition of one per-
son’s attention percentage is equal to or less

than 1. We use st and et as the start time
and end time of any minimum time unit and
st-et=c.

R3ð Þ Context : actor
self :attention− > select start time ¼< stand end time >¼ etð Þ− > collect percentageð Þ− > sum ðÞ < ¼ 1

Assume attention is measured by the percentage of to-
tal available cognitive resources, in any time periods, the
total percentage of one’s attention should be less than or
equal to 100 %. The select (start_time=<t1 and end
time>=t2) expression selects all the attention allocation
that includes the time period. The collect expression ex-
tracts the variable of percentage from all selected attention

allocation. Sum () is used to calculate the total percentage
of attention from st to et.
Rule 4 (Appropriate stress level of concurrency) In any mini-

mum time unit of attention, an actor should NOTwork
on more than m activities, where m is the maximum
level of concurreny. We use st and et as the start time
and end time of any minimum time unit and st-et=c.

R4ð Þ Context : Actor
self : attention − > select start time < st and end time > etð Þ − > size ðÞ < m

Rule 4 specifies that an actor can allocate attention to lim-
ited activities at the same time. It is true that people can work
on a report while attending conference. But the cognitive limit
of human beings constrains the number of activities people
can get involved in at the same time. The number m depends
on different organizational contexts and individual ability.

Rule 5 (Appropriate stress level of switching fre-
quency) From t1 to t2 (t1 and t2 are any
two time points and t1< t2), an actor should
NOT work on more than f sequential activi-
ties, where f is the maximum number of switching
frequency.

R5ð Þ Context : Actor
self :attention− > select start time ¼< t1and end time >¼ t2ð Þ− > sizeðÞ <¼ f * t2−t1ð Þ

Attention stress is related to both the concurrency
level and the switching frequency level. Rule 5 further
specifies the total amount of sequential activities that an
actor needs to participate in within a time period.
Conformance to this rule guarantees that actors do not
need to switch their attention from one activity to an-
other very frequently. f is the maximum number of
switching frequency and f*(t2-t1) represents the total
number of activities assigned to an actor from t1 to
t2. Similar to m, the number f also depends on different
organizational contexts and individual ability. The
switching frequency is also influenced by the similarity
among tasks. The switching frequency could be higher
if actors engage in similar tasks rather than heterogeneous
tasks.

Rule 6 (Collaborative attention) For a collaboration ac-
tivity, the number of actors who pay attention
to the activity should be equal to the number of
actors required for the activity.

R6ð Þ Context : collaborative activity
attention:actors− >sizeðÞ¼ self :numberOfActors

Workflow activities are classified into two types,
namely individual activity and collaborative activity.
For a collaborative activity, collaborative efforts are re-
quired to achieve the goal of the activity. This rule
guarantees that each collaborative activity is conducted
in a collaborative way in which the required number of
people pay their attention to the activity.
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Rule 7 (Attention allocation based on task dependency)
Attention allocated to tasks should be consistent
with task dependencies.

R7ð Þ Context : attention

self :allinstancesðÞ− > forAll a1; a2ja1:start time <¼ a2:end timeimpliesa1:activities:tasks:pre task− > excludes a2:activities:tasksð Þð Þ

If Task A depends on Task B (A needs input from B), then
actors should first pay attention to Task A and then pay atten-
tion to Task B. In Rule 7, we define that if two attention
resources (a1 and a2) are allocated to two tasks and a1 starts
before a2 ends, then a2’s corresponding task cannot be the
pre_task of a1’s corresponding task. The time relationship of
attention resources should be consistent with task dependency.
Violation of this rule can lead to idle time in the process and
reduce the time efficiency of the whole case.

Based on the rules defined in this section, we propose a
procedure to verify attention allocation of actors in a workflow
execution log. The procedure takes workflow tasks, depen-
dencies among workflow tasks and attention allocation as in-
put and check whether the attention allocation violates any of
the rules. Figure 3 shows the pseudocode of the procedure of
attention rule verification. It can be used to audit a workflow
task execution log and help managers track the attention status
of workers.

6 System architecture of a workflow-aware attention
tracking system

Based on the model and rules of attention tracking, we
design the architecture as shown in Fig. 4. It consists of
a user interface, a WFMS, attention monitoring, and
attention verification. In this section we discuss how
to integrate WFMSs and attention modules to facilitate
multitasking collaboration.

According to the workflow reference model, WFMSs
should automate business processes by managing the
sequence of tasks and the invocation of appropriate hu-
man and IT resources associated with the various activ-
ity steps (Rinderle et al. 2004). It also helps to route
documents, information, or tasks between participants
according to a defined set of rules. A typical WFMS
(such as jBPM, Lotus workflow) usually supports the
whole lifecycle of process management, such as process
definition and modeling, initiating a process instance,
task assignment, routing information among tasks, en-
abling or suspending tasks, and so on. The attention
tracking system is based on existing WFMSs and inte-
grates attention monitoring and verification functions.

WFMSs maintain the workflow definition database that
stores rules for coordinating workflow tasks, while the
attention monitoring and verification modules maintain
an attention status database that keeps track of all par-
ticipants’ attention allocation. Once a workflow is initi-
ated, actors will perform activities to accomplish tasks
defined in the workflow.

The attention monitoring module captures the attention al-
location of actors on activities and store attention allocation
data in the attention status database. In traditionalWFMSs, the
manager cannot know how much effort one has spent on a
task until the task is completed. However, actors may have
performedmost of the activities for accomplishing the task but
have no result to report to the system yet. The attention mon-
itoring module makes this progress information available to
managers. Attention-based monitoring allows managers to
track the real-time status of the task execution. It provides
information about how much attention each individual allo-
cates to activities associated with a specific task. Collecting
attention data may increase the technical complexity and hu-
man cognitive load since collaborators need to spend some of
their attention resources on reporting the required attention
data. However, there are two potential methods to address this
issue. The first one is that the team leader should control the
granularity of attention self-reporting. Coarse granularity can
reduce the frequency of recording and submitting data.
Second, there are some technologies that could help collect
attention status automatically. For instance, some software
could collect data about how much time people spend on a
particular document. This is a tradeoff in which we need to
balance the cost and benefit of attention data reporting.

The attention verification module will use attention data in
the database and automatically check whether the attention
status of a workflow violates any of the predefined rules ac-
cording to the procedure of attention rule verification.
Managers can be notified by the system for situations of
inappropirate attention allocation, such as high attention stress
level or inappropriate allocation of attention to tasks.
Although it might be true that multiple WFMSs may be used
for managing projects in companies, we only support one
WFMS in the system architecture. The integration of multiple
WFMSs with attention tracking modules may not be trivial
and may rely on techniques such as enterprise service bus.
This will be part of our future work.
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7 An example of attention tracking for software
development

An example is introduced in this section to illustrate how the
workflow-aware attention tracking framework can be used in
multitasking collaboration. Suppose a software engineering
team works on a software development project. The team
consists of one project manager (PM) and three developers
(D1, D2, and D3). The workflow of software development
can be divided into three sequential tasks.

1. Task 1
Requirement Analysis. At the beginning, developers

need to visit the customers to collect their requirements.

Each of them needs to interview one customer. The man-
ager will monitor the customer interview and intervene
when needed. Thus Task 1 is executed by three activities.

2. Task 2
Project Planning. Based on the user requirements col-

lected in Task 1, all team members have to meet together
to discuss budget, schedule, and task assignment. A report
should be submitted as the result of this task. Assume that
we need four activities to finish this task: three meetings
to decide budget, schedule, and task assignment, respec-
tively, and one activity to compose the report.

3. Task 3
Project Implementation. All developers carry out the

project plan under the project manager’s supervision.

User Attention 
Status

User Interface Attention Monitoring 
Module

Attention Verification 
Module

Users

Workflow 
Definitions

WFMS

Fig. 4 Architecture of a
Workflow-aware Attention
Tracking System

- For all attention A= (percentage, (start_time, end_time)) 
- If A.end_time-A.start_time<c
- Then indicate a violation of minimum time unit of attention (Rule 1)
- If (A.start_time<Project.start_time or A.end_time>Project.end_time)
- Then indicate a violation of compatibility with case schedule (Rule 2)

- For all attention allocation A= (percentage, (start_time, end_time)) that belongs to a worker W
- For all time unit (t, t+c) 

- If A.start_time<=t and A.end_time>=t+c
- Calculate the summation (SUM) all A.percentage
- Count the number of (Concurrent_Attention_ Count) of attention 

- If SUM>1
- Then indicate a violation of limited attention resource (Rule 3)
- If Concurrent_Attention_ Count > m
- Then indicate a violation of appropriate stress level of concurrency (Rule 4)
- Count the number (Switch_Attention_Count)of attention that belongs to W
- If Switch_Attention_Count >f*( Project.end_time - Project.start_time)
- Then indicate a violation of appropriate stress level of switching frequency (Rule 5)

- For all collaborative activity, 
- Count then number of attention associated with the activity,
- If counter != activity.numberOfActors, 
- Then indicate a violation of collaborative attention (Rule 6)

- For any two activities (A and B) in the workflow that A precedes B
- Find the maximum end_time of attention (ME) associated with A
- Find the minimum start_time of attention (MS) associated with B
- If ME>MS
- Then indicate a violation of attention allocationbased on tasks dependency(Rule 7)

Fig. 3 The Procedure of
Attention Rule Verification
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Suppose we have three activities in this task to develop
three modules of the software.

Figure 5 describes the workflow in the project and activi-
ties for each task. Table 2 gives the detailed descriptions of all
activities in the project.

Suppose the attention allocation log is as shown in Table 3.
Note that attention allocation is represented as a two-tuple:
(percent of attention allocated, (start time, end time)), such
as (1, (0,2)). The unit of time in Table 3 is day although it
could be hour or minute in other cases.

Next, we will discuss how the seven rules we derived in
Section 5 help attention monitoring and verification.We apply
the procedure of attention verification to the case above to
check whether the rules are violated.

Assume the minimum attention time unit for software de-
velopment is 1 day. The teammembers cannot pay attention to
an activity if they allocate less than one time unit on the tasks.
The attention allocated on A2-4 by D1 does not meet this rule,
because D1 only pays 0.5 time unit of attention to A2-4.

According to the execution log, D3 allocates his attention
to the project from days 11 to 15. If the project is expected to

be done before day 14, this period is out of our time frame of
(0, 14). Thus, it is against Rule 2.

PM spends 1.2 (0.4+0.4+0.4) attention resources on A1-1,
A1-2, and A1-3 in time period of (0, 2). This is against Rule 3
because the total attention allocation of PM exceeds a maxi-
mum value of 1.

Compared to the developers, the project manager has a
higher concurrency. In time period of (1, 2) and (11, 15), he
needs to pay attention to 3 tasks at the same time. If we define
the appropriate concurrency as 2, attention allocation for the
project manager in (0,2) and (11,14) violates Rule 4..

In the first 3 days of the project (from day 0 to day 2), all
four actors only switch their attention once. But in time period
(3,10), D1 and D2 switch their attention four times. The
switching frequency for D1 and D2 from day 3 to day 10 is
once every other day. If the switching frequency should be less
than once every 3 days, then this case violates Rule 5.

For A3-3, three actors are required. Actually, only D3 and
PM pay attention to the activity. Therefore, Rule 6 is violated
in this situation because the number of actors who pay atten-
tion to the activity is not equal to the number of actors required
for the activity.

Table 3 An Example Attention Allocation Log

D1 D2 D3 PM

A1-1 (1,(0,2)) (0.4,(0,2))

A1-2 (1,(0,2)) (0.4,(0,2))

A1-3 (1,(0,2)) (0.4,(0,2))

A2-1 (1,(3,4)) (1,(3,4)) (1,(3,4)) (1,(3,4))

A2-2 (1,(5,6)) (1,(5,6)) (1,(5,6)) (1,(5,6))

A2-3 (1,(7,8)) (1,(7,8)) (1,(7,8)) (1,(7,8))

A2-4 (1,(9,9.5)) (1,(9,10)) (0.5,(9,10))

A3-1 (1,(11,14)) (0.4,(11,14)) (0.3,(11,14))

A3-2 (0.6,(11,14)) (0.4,(9,14)) (0.2,(11,14))

A3-3 (0.6,(11,15)) (0.3,(11,14))

Table 2 Descriptions of Activities in the Software Development Case

Activities Descriptions

A1-1 D1 interviews Customer 1 and PM monitors the activity.

A1-2 D2 interviews Customer 2 and PM monitors the activity.

A1-3 D3 interviews Customer 3 and PM monitors the activity.

A2-1 All members have a meeting to discuss the project budget.

A2-2 All members have a meeting to discuss the project schedule.

A2-3 All members have a meeting to discuss task assignments.

A2-4 D1 and D2 write a report for project planning.

A3-1 D1 and D2 develop module 1 and PM monitors the activity.

A3-2 D2 and D3 develop module 2 and PM monitors the activity.

A3-3 D1 and D3 develop module 3 and PM monitors the activity.

PM

D3

D1

D2

A1-1

Task 1 Requirement Analysis

A1-3

A1-2

A2-1

Task 2 Project Planning

A2-3

A2-2

A3-1

Task 3 Project Implementation

A3-3

A3-2

A2-4

ProjectActors

Attention

Allocation

Fig. 5 Example of Software Development Project
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From the case description, we could identify that Task 3 is
dependent on Task 2. Thus, attention allocation to Task 3
should be after Task 2 is finished. However, D3’s attention
on A3-2 violates this rule because the start time of D3’s atten-
tion on A3-2 is earlier than the end time of A2-4.

This example illustrates how workflow-aware attention
tracking is applied to track and verify attention status in mul-
titasking collaboration. This approach has three benefits for
managers. First, it enables team managers to monitor the pro-
ject progress in an appropriate level of granularity. In tradi-
tional WFMSs, managers cannot have the progress informa-
tion until the end. Attention monitoring could report the task
progress to managers while the task is not fully completed.
Second, the listed rules could enhance project managers’ abil-
ity to detect problems of attention allocation in the team.
Project managers can track each actor’s attention allocation
and use the attenion verification rules to check attention status
of actors. Third, this approach enables managers to accurately
audit contributions of individual members in multitasking
collaboration.

Due to space limitations, we only provide the example with
one project. In addition, we only explain the multitasking
scenario at the activity level. One worker may be involved
in multiple tasks across cases or projects. Our approach can
also be extended to multiple-project collaboration. We only
have a few simple activities in the example. We can further
decompose each activity in the example into sub-activities.
For instance, the interview activity may be divided into sub-
activities such as making an appointment with customers,
conducting a field visit, writing the memos, and summarizing
customer requirements. Then, the granularity of attention will
be associated with the sub-activities and it may be meaningful
to measure attention in hours for these sub-activities.
Practically, the granularity of attention is determined by the
requirement project. management.

8 Conclusion

This paper began with the observation that accurate work
accounting is important in multitasking collaborative work
teams and is not supported well in current WFMSs. The ac-
countability issue also threatens effective management and
teamwork productivity. We proposed a workflow-aware atten-
tion tracking framework to facilitate collaboration manage-
ment in multitasking environments. As the first paper that
proposes the attention tracking concept in multitasking collab-
oration, we claim three major contributions. First, we pro-
posed a meta-model to formally operationalize attention and
enable attention tracking. The meta-model represents the rela-
tionship among cases, tasks, roles, actors, activities, and atten-
tion. Second, seven essential rules were proposed to express
constraints that need to be satisfied for attention tracking in

workflow management. We also proposed a procedure to ver-
ify the seven rules. Third, we designed an architecture for
attention tracking systems and describe the functions and tech-
niques of different modules. We also used software develop-
ment as an example to illustrate how the rules constrain mul-
titasking collaboration. In such a context, team managers can
benefit from this approach in three ways: (1) monitor task
progress at a finer level of granularity; (2) detect violation of
attention tracking rules; (3) accurately audit individual effort.

There are several limitations in this paper. The first limita-
tion is that attention status tracking mainly relies on self-
reported results. This may introduce extra cost in team collab-
oration. Further, the accuracy of self-reported results may not
be reliable. Other potential attention indicators (e.g., visual
tracking and keystroke logging) may automate attention status
tracking but can only work in tasks that are executed in infor-
mation systems. We believe a combination of attention track-
ing techniques can help increase the accuracy and reduce the
cost. The second limitation is that we only considered the
situation using oneWFMSwhile companies may use multiple
WFMSs to manage different projects and tasks. The third
limitation is that development of the prototype is not complet-
ed yet and field evaluation is needed to further evaluate this
approach. In our future research, we would like to extend our
work in two directions. First, we will try to integrate multiple
WFMSs with attention tracking, implement the prototype sys-
tem, and conduct field studies to further evaluate our proposed
approach. Second, we will explore the usage of visual tracking
and keystroke logging technologies for attention tracking.
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