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Abstract—Administrators conventionally write information on
paper or on a notice board to monitor subordinates’ activities
within an organization. Unfortunately, the information cannot
be stored and retrieved for future use. This paper presents a
case study for the implementation of a smart notice board. The
analysis focuses on the presence and transition of staff work
activities. The staff activities are evaluated to allow
administrators to be aware of their work status. Based on the
smart office board design, we propose a context-aware
monitoring model in a smart office environment. This model
provides a platform to gather useful information of staffs
during their working hours. Therefore, top-level
administrators can identify staff status (present, absent or
busy) and perform statistical analyses on staffs’ availability.
Thus, they can plan, schedule, make decisions and prepare
reports instantly.
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1. INTRODUCTION

Generally, an organization uses a notification board to
inform their staff of theirs’ daily activities. The activities
depend on the current work mode, which deals with different
tasks, tools, and information [1]. Nevertheless, networked
collaborative virtual environments allow workers to work in
a shared virtual space at real-time. However, virtual space
lacks contextual elements as in a real life-working situation.
The virtual workspace should make optimum use of human
computer interaction. It should provide relevant information
or services to adapt the system behaviours for a specific user
[2]. In addition, context-awareness is one of the vital
features, which helps users to map their tasks by considering
the parallel interaction in networked virtual environments
[3].

A context-aware service should provide accurate
information to assist people in setting goals, making plans
and performing the necessary actions in their daily work
activities. Recognizing people activities in a virtual work
space will help users to react automatically to a person’s
identity, location, activity, and facial expression [4]. They
should be informed about others’ work to obtain the
information at the right time, right place and communicate
in a meaningful way.
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Today, most people spend a lot of time working in
spaces, like offices and committee rooms. Most of the
researchers are focused on the development of smart and
intelligent working environments [5]. A smart environment
is defined as a situation in which a user interacts with
another user in a flexible, personalized and domain-specific
manner [6],[7]. The goals of a smart environment are to
support and provide task-relevant information services to
sense context in a variety of user environments [8]. The
smart environment can provide a unique service in
designing, researching and addressing issues in a multi-
agent system [9]. There are some examples of smart
environments such as the smart home [10], [11], [12], the
smart hospital [13], the smart freeway [14] and the smart
office [5].

The smart office is defined as an environment that
enables the user to adapt user needs, routine tasks,
preferences, and access on-time services [15]. It represents a
user’s work, as in a normal office. In addition, it allows the
user to acquire and apply knowledge to improve their
experience and synchronous communication in a particular
environment [7],[16]. The synchronous communication and
data are integrated with other information to enable users to
gain knowledge of current and past activities in the working
environment [1].

Furthermore, the smart office handles several devices
that supports everyday tasks, anticipates user intentions, and
reduces the conflict in decision making [5]. There are several
examples of smart office systems such as intelligent meeting
rooms [5], the virtual secretary [17], and the smart doorplate
project [18]. This paper focuses on designing a smart notice
board as part of the smart office environment. Designing a
context-aware system in a smart office environment is a
complex and challenging issue. Most of the studies do not
fully address specific characteristics of context management
[19]. Therefore, in Section II, we will analyze and categorize
the most common characteristics used in the smart office
environment.

The rest of this paper is organized as follows: Section III
observes smart office scenarios and related activities for a
smart office in an academician environment. Next, Section
IV presents a context-aware monitoring model for the smart
office environment. Finally, Section V discusses the
conclusion in relation to the research work.
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II. CONTEXT CATEGORIZATION

Human activities can be classified into personal,
community, and social activity [20]. Each of the activities
will involve different types of context depending on the
location, time, resources, task, and situation. The context has
been used as a tool to select the correct action, improve the
quality and efficiency of case-based reasoning within the
diagnostic domain virtual workspace [21]. When dealing
with a different state or situation, context is the key element
used to infer possible action and support the user with
contextual information [22]. It is crucial to understand
context and its relation with adaptability (i.e. device,
environmental setting, and time) to construct context-aware
software development that is beneficial to the users [23].

Many researchers define and classify context to support
and develop context-aware systems. Dey and Abowd [24]
identified four primary context types (i.e., location, identity,
time, and activity). It provides task-relevant information and
interaction between the user and the context-aware
application. Prado [2] defines three types of context (i.e.,
device-related, environmental and user context). This context
deals with the impact of application on different user
interfaces, information and functionality of context. In order
to model the relationship of activities and situations in a
context-aware system, Kofod and Cassens [22] suggest five
categories of user context (i.e., personal, task, social, spatio-
temporal and environmental context).

Soylu et al. [23] propose eight categories to develop
context-aware systems (i.e., user, device, application,
information, environmental, time, historical and relational
context). In addition, Villegas and Muller [25] classify five
categories of context (i.e., individual, human, artificial,
activity and compositional relations context) to control and
govern context information within a smart environment.
Furthermore, Kapitsaki et al. [26] apply three context
categories within the tourist service (i.e., user, context
information and services). It is found that user, system,
physical, time and history are the most important context for
mobile map applications [27]. Generally, it is concluded that
most of the context-aware systems involve three main
contextual entities: user, activity and events.

OO0 |
USER

A 4

ACTIVITIES EVENTS

Figure 1.  The contextual entities.

Fig. 1 depicts the most common context entities within
the smart environment. All of these entities are dependent
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on the application, environment and goal, which the
context-aware system is used. Based on this contextual
entities, we observed the academicians’ work modes to
illustrate the context—aware activities within the smart office
environment.

III. OBSERVING SMART OFICE ACTIVITIES

This study is conducted as an observation case study on
staff activities during office hours. It is built on monthly
activity that requires users to fill in information on the
notice board. The aim of this case study is to extract
important features to be used in designing a smart notice
board. Contextual elements in the case study are analyzed in
order to provide accurate information about staff work
activities. The information is useful for the management to
plan, schedule, and take appropriate action. Through the
smart notice board, top-level management can identify
whether staff are present, absent or busy. In addition, staff
data can be used for further statistical analyses when top
level management need to make decisions based on the
system’s report.

Scenario: Assume academicians are users in the smart
notice board working environment. Let U be the set of
lecturers = {Uy,.....,U,}. Lecturers can insert their monthly
activities in a smart notice board as shown in Table 1. The
activities are based on daily activity, which involves
contextual ontology. Contextual ontology is referred to as
the shared understanding of some domains such as entities,
relations, functions, and instances [28]. It provides a shared
vocabulary and matches specific user queries, service
descriptions and information in a context-aware system
[29]. Each member of staff will input all monthly activities
for the duration of the office hours (8.00 am — 5.00 pm).

TABLE I  SMART NOTICE BOARD REPRESENTATION

Day
...... 31

Person
U,

U,

U;

Uy

Users are categorized into two levels; academicians and
administrators. The users’ contextual activities can be in the
form of teaching, research and development (RnD Context),
administration and personal context. Contextual activity
relates to an event based on three contextual elements,
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which are sensed-data, time-line and location. Table 2
presents the details of the wuser classification, their
contextual activities, and events as portrayed in Fig. 1.

TABLE 11 CONTEXTUAL ONTOLOGY EXAMPLE
USER CONTEXTUAL EVENTS
ACTIVITY
o Administration e Teaching Context e SensorData
e Academicians e Teaching(C)) e DateNTime
e Dean (Uj) e Evaluation (C,) e Morning(T))
o Assistant o Invigilation (C3) o Breakfast(T,)
Dean (U,) e RnDContext o Afternon(T;)
o SeniorLecture e Conference (R)) e Lunch (Ts)
r(Us) e Consultation (R,) o Evening(Ts)
e Lecturer (Us) o AdminContext e Location
e Clerical Work e Home (L))

(A1)
e Meeting (A,)
e Personal Context

e Office (L)
e Classroom (L;)
e Meeting room

e On Leave (P)) (Ls)
e Undefined (Py) e Conference
room(Ls)

The activities can be divided into two states: present and
not present as described in Table 3. The data will be input
based on individual activity. The contextual activities are
classified as present (i.e., teaching, consultation and
meeting) and not present (i.e., conference, on leave,
undefined). For example, a teaching schedule will be
extracted from a class schedule, and the faculty provides
these schedules for each semester. Consultation and on
leave will be input as individual activities and conferences
are based on the application and calls for meeting. Each of
the users will input their activities for the whole semester
based on the academic calendar, except for on call activities.

TABLE III CONTEXTUAL ACTIVITY OF STAFF PRESENCE
User Contextual Activity Event
Present Not Present

Dean Class Conference Breakfast

Assistant Dean Consultation On Leave Lunch

SeniorLecturer Meeting Undefined Classroom

Lecturer Meeting room
Conference
room

When dealing with a context-aware system, it should
select the most appropriate content and features depending
upon the usage context, such as context views [30]. Fig. 2
summarizes the context view for a smart notice board
application.

User: Contextual activities | Events:

Lecturer Teaching (C,), e Timeline :

(Us) Evaluation (C,), Morning(T)),;
Meeting(A,), Afternoon(T;);Evening(Ts)
Consultation(R») e Location-:

Office(L,), Classroom(Ls),
Meeting room(L,)

Figure 2. Context entities for a smart notice board application
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The context view is used to view shifts from one-node to
other in the state transition activities. The graphical notation
simplifies and helps the software developer to analyze,
redesign and define the software requirements between
users and environmental services [31],[32]. Fig. 3 shows a
general context view of the state of transition for
academician activities during office hours. This scenario
shows how one user (Uy) represents normal daily activities,
which involve the time-line (i.e., morning (T;), afternoon
(T3), and evening (Ts)), location (i.e., office (L,), classroom
(L3), meeting room (L,)) and contextual activities (i.e.,
teaching (C,), evaluation (C,), consultation (R;) and
meeting (Ay)).

User: @
Time-line: d) -»> —> °
Location: é} ° Q
Contextual é) ° °
Activities:

Figure 3. General context view of state transition activities

The activities are considered as dynamic since it might
change from one-node to another node. All of the activities
will be analyzed and monitored by top-level administrators.
They should be aware of each activity in order to identify
the work status whether the staffs are present, absent or
busy. The provision of awareness is a key factor for keeping
users up-to-date with what happens around them [33].
Therefore, a notification system is important to deliver
current information effectively without causing unwanted
distraction to ongoing tasks [34]. Through the notification
system, the top-level administrators can use the information
to make necessary actions and achieve the task objectives.

We illustrate four scenarios in academic work activities
to determine the most available time for all academicians’
staff. The scenarios show common activities for
academicians, which involve three contextual entities
(regardless of their location):

i. User - Dean (U;), Assistant Dean (U;), Senior Lecturer
(U)), Lecturer (Uy)
ii. Contextual activities - Available (V), Not available (0,9]
iii. Events - D ay (1, 2, 3, and 4)
Time slots: Morning (T;), Breakfast (T,),
Afternoon (T3), Lunch (T,) Evening (Ts)
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The four scenarios represent the daily activities from day
one until day four. In each scenario, it will involve the four
types of user (i.e., dean, assistant dean, senior lecturer, and
lecturer). The contextual activities are considered as
available (V) and not available (X). The available activities
refer to free time, whereas not available means the users are
on duty (i.e., teaching, conference, meeting, or on leave).
The events are based on five standard time slots (morning,
breakfast, afternoon, lunch and evening). The time slot for
breakfast and lunch are blocked out as break-time. Each
user will input data into the smart notice board system.

Scenario 1: In this scenario, it shows that all users are busy
and not available.

TABLE IV SCENARIO 1 OF ACADEMICIANS ACTIVITIES
DAY 1
TIME T, T, T T, Ts
USER CONTEXTUAL ACTIVITIES

U, X X X

U, X X X

U, X X X

Uy X X X

Scenario 2: In scenario 2, it shows only 50% of the users
available during the morning slot and most users are not
available during the afternoon and evening slots.

TABLE V SCENARIO 2 OF ACADEMICIANS ACTIVITIES

DAY 3
TIME T, T, T, T, Ts
USER CONTEXTUAL ACTIVITIES

U, X X v

U, X X X

U; N X X

U, N v X

Scenario 3: In scenario 3, it shows 80% of the users are
available in the evening slot.

TABLE VI SCENARIO 3 OF ACADEMICIANS ACTIVITIES

DAY 2

TIME T, T, T; T, Ts

USER CONTEXTUAL ACTIVITIES
U, X v X
U, N X N
U, X X v
U, X X v

Scenario 4: In scenario 4, it shows all users (100%) are
available in the morning slot.

TABLE VII  SCENARIO 4 OF ACADEMICIAN ACTIVITIES
DAY 4
TIME T1 T2 T} T4 TS
USER CONTEXTUAL ACTIVITIES

U, N X X

U, v N X

U, N X X

U, v N X
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The scenarios show, that the most available time for all
staff is during scenario 3 (80%) and scenario 4 (100%).
Therefore, the administrator can monitor and make a
decision to do any activity such as call a staff meeting, a
conference or an evaluation of staff performance. As data is
stored within the computer system, statistical reports along
with general reports can be produced at real time. Based on
the context awareness-monitoring model, a smart notice
board system will be developed.

IV. CONTEXT AWARENESS MONITORING
MODEL

Adapted from a previous study (Fig. 4), the monitoring
manager will interpret, filter and select rules to analyze and
manage the interactive data.

Collaborative worlsspace
User Context layer OO T
= izt b el
USER
-
HCT Context layer ¥
[ ACTIVITY ]

MEd dleware Context layer
L 4

CONTEXT
MANAGER

k3

o,
= "'\-_‘_‘_‘—._._,_-F"
MONITORING &
MARAGER |, REPOSITORIES
e R

¥

PROGRAMMING LANGUAGE

Platform Context L ayer

Figure 4. A general context awareness monitoring model [35]

Based on the four scenarios, the rules represent the logic
and reasoning mechanism to choose the most available time
for all staff.

Scenario 1-4 : General Rules

IF (user({U,,.....,U,})
AND (day(({Dy, .....,D,})
AND (time(({T}, .....,T,})
THEN
isAvailability ({yes, no})
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The monitoring process deals with the communication
between at least two of the users who should observe their
enviroment and activities (shown in Fig. 5). The awareness
provides information about the activity and the availability
of all users. Besides the rules, the contextual media (e.g.,
text, graph, colour-coded, keyword, image, and messages),
will be considered as an important elements to monitor user
activities within the collaborative workspace [35],[36]. For
example; the change of colour in text (e.g., available, or not
available), shows different action has been taken by a user.
The person who monitored the system, should also be aware
of the signal given by the other user.

F b4
Manitoring £ £ Manitoring
1] ) 1] [T
L = A ] I o Process

i} i}
3 5
i i

User A “ 4 User B

Figure 5. The user interaction in contextual awareness activities [36]

The implementation of the smart notice board system,
involves the communication between an object (i.e., user,
task, and resources) and the monitoring system [37]. This
communication is governed by a monitoring process, which
consists of the contextual monitoring components (i.e.,
contextual activity, event, time, and location) as depicted in
Fig. 6. The sensor-data detects the presence of any action
during the execution time in the monitoring process system.

Monitoring Process

Contextual Monitoring Component

A A
A \ 4

Contextual Activity Event

A ¢ :

Time Location

\ v '

Sensor Data

Figure 6. The monitoring process components
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In order to design the smart office notice board system,
all of the monitoring process components are mapped into
the context-monitoring model (shown in Fig. 7).

User Contest Layer HCT Context Layer
User:
Rapes
¥ -3
0000 |
| Usar |:i> Location:
) Contextual
Artiviies:
il
Hiddleware Monitoring Process
Context Layer Objest

| \Cnnlznua\MnnimringCDmpnn:m

H

| \ Contaxtual Activity | | Event

r

‘ Progyamming language

-

: Database

Sensor Data

Figure 7. Context monitoring model for smart office environment

The context monitoring model design focuses on the
development for a smart office notice board system. This
system will be developed and manipulated by programmers
in commonly available languages (e.g., Java, C, or C++).
The data analysis is based on the user activities and the
assessment on the availability of free time for each user.
Basically, the monitoring process deals with the contextual
media elements, which automatically senses the contextual
activities. This will allow sensors to configure the
appropriate action in response to user requirements. The
sensors will recognize and respond to the performance of
the activity. The result of tracking activities will be
displayed in an assessment console. Through the data
analysis, this information will be utilized and helps the top-
level management in decision making.

V. CONCLUSION AND FUTURE WORK

This paper has analyzed user activities in a smart office
environment. Basically, a context-aware system involves
three common entities namely: user, activity and events. We
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illustrated a scenario of contextual elements for
academicians in their working environment by using a smart
notice board prototype. The contextual awareness elements
provide information about the activities and availability of all
staff. Finally, a context awareness-monitoring model for the
smart office environment has been proposed. The context-
aware system should offer easier and more intuitive ways for
the service provider to add and to subscribe new services
through the historical context, log in service and feedback
systems so as to enhance and better deliver a more
appropriate quality of services [38]. Therefore, our future
work will analyze and construct a general platform for
monitoring a user activities system, which can be applied to
any smart office environment.
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