Software

to Assist In

Distance Learning

Environments

Software agents
can act as
teaching assistants
for distance
learning courses
by monitoring and
managing course
activities

By Sheung-On Choy, Sin-Chun
Ng, and Yiu-Chung Tsang

34 EDUCAUSE QUARTERLY e Number 2 2005

The Open University of Hong Kong
(OUHK) is a distance education
university with about 22,500
students. In fulfilling its mission, the
university has adopted various Web-
based and electronic means to support
distance learning. For instance, OUHK
uses a Web-based course management
system (CMS) to provide students with
a flexible way to obtain course materi-
als. Apart from traditional print-based
course materials and textbooks, the uni-
versity staff and instructors use the Web
to replace surface mail to deliver assign-
ment files, supplementary study mate-
rials, and other correspondence with
students. Online discussion forums pro-
vide students with a convenient place to
ask questions and receive answers from
the teaching staff.

An electronic assignment-handling
system administers student assign-
ments. Assignments, which are marked
up and commented on, are considered
an important element in the distance
learning process. The assignment-han-
dling system enables students to submit
assignments electronically, apply for
an extension, inquire about the status
of their submitted assignments, and
receive timely feedback on assignments

from the teaching staff.

Clearly the Web-based CMS provides
many benefits in the service of distance
education. However, it is also fair to say
that the current ways that we use and
interact with the CMS are not ideal.
Employing a human teaching assistant
to relieve academic staff from manual
monitoring and management of course
activities is one way to improve the pro-
cess, but not effectively and efficiently.
We investigated employing a software
agent to act as a teaching assistant to the
course coordinator instead—the idea
behind this article.

The Process Explained

The key players in the OUHK educa-
tion process are students, tutors, and
academic staff. Students normally spend
much of their time studying alone. To
complement the distance learning pro-
cess, face-to-face sessions are provided,
including tutorial, day school, and labo-
ratory sessions. Part-time tutors conduct
the face-to-face sessions. Students in a
course are required to submit homework
assignments to their tutors (usually four
to five times during the course). Tutors
then mark the assignments and provide
feedback to students.



Every course at the OUHK has an
academic staff member as the course
coordinator. The coordinator’s major
responsibility is to supervise the teach-
ing and learning process for that course.
This includes making assignments and
scheduling examinations, delivering
the course materials and supplemen-
tary teaching notes, and monitoring
students’ learning progress, tutors’
teaching performance, and the assign-
ment-marking process.

The use of the Internet and Web-
based technologies to support large-
scale distance learning has led to a
significant change in the working pat-
tern of OUHK academic staff. In order
to ensure smooth course presentation,
improve adherence to procedures, and
enhance students’ comfort levels and
retention, course coordinators expend
a lot of time and effort in interacting
directly with various Web-based systems
and communicating with students and
tutors over the Internet. The following
list summarizes tasks that an OUHK aca-
demic staff member would usually do
for a distance-learning course:

m Post course material and assignment
files.

m Post course schedules and details of
upcoming face-to-face sessions.

m Post announcements about the
course, such as changes to the course
material.

m Remind students of assignment sub-
mission and due dates.

m After the assignment due date, con-
tact those students who did not com-
plete their assignments.

m Monitor tutor progress in marking
assignments to ensure that submit-
ted assignments are marked and com-
mented upon within an established
period of time.

m Identify inactive students and contact
them for proactive consultation.

m Assist those students who are having
problems completing the course.
Figure 1 illustrates the interactions

of distance-learning students, part-time

tutors, and the academic staff in an

OUHK course that uses a Web site as a

common interface for course presenta-

tion, communication, and student sup-
port. The server hosting the course Web
site contains a lot of data about students’
learning progress and their behavior
when interacting with the course Web
site. The information can be useful in

providing timely and meaningful feed-
back on student progress and aids in
early detection of problems in both the
teaching and learning processes.

Unfortunately, acquiring information
from the course Web server requires ini-
tiating all information retrieval tasks
and interacting directly with the replies
from the server. In other words, to man-
age the course and acquire useful infor-
mation, the user must interact directly
with the course Web server, initiate
all tasks explicitly, and monitor and
process all the server’s responses. This
direct-manipulation method of interac-
tion! is labor-intensive, consuming a
lot of time for unintelligent informa-
tion retrieval and filtering. To check
students’ progress, for example, the user
has to visit many Web pages regularly
and use different tools within the server
to verify student progress and partici-
pation. This includes regularly check-
ing the course activity log to monitor
students’ online activities, visiting the
assignment submission records to see
if students have submitted their assign-
ments, and reviewing the assignment
marking records to identify students
with problems.

Employing a human teaching assis-
tant to interact with the CMS is one
option, of course, but with most of the
same problems as involved in having
academic staff perform these functions.
We propose creating a software agent to
act as a teaching assistant to the course
coordinator instead.

Software Agents

The term software agents originated
from the field of artificial intelligence,
back in the 1950s. Research on software
agents started to proliferate in the mid-
1990s, after several key agent-related
papers appeared in the popular comput-
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ing press, followed by several books.
(See the sidebar for research publica-
tions on software agents.)

Software agents can be defined in
a number of ways depending on the
functions and context. A general and
widely accepted definition is that soft-

ware agents are computational autono-
mous entities capable of sensing (such
as acquiring information) and acting
(such as producing and sending infor-
mation) in an environment (such as
a Web server) to accomplish a set of
designated goals.

Interactions in the Course Web Site

Student Tutor

Course
Coordinator

Course Web Site Interface

Announcement
Course News

Assignment Files

Tutorial
Schedule

Assignment
Submission Records

Course 4 Assignment Due Assignment
Study Units ' Date Marking Records
1
1
1
1

A

X A

Uploaded, composed, and updated
by the Course Coordinator

Data generated by the Electronic
Assignment Handling system

Research Publications on Software Agents

Bradshaw, J. M., ed., Software Agents (Bos-
ton: MIT Press, 1997).

Maes, P., “Agents that Reduce Work and
Information Overload,” Communica-
tions of the ACM, Vol. 37, No. 7, 1994,
pp- 31-40, <http://www.acm.org/>.

Middleton, S. E., “Interface Agents: A Review
of the Field,” Technical Report Number
ECSTR-IAMO01-001, University of South-
ampton, August 2001.

Norman, D., “How Might People Interact
with Agents?” Communications of the
ACM, Vol. 37, No. 7, 1994, pp. 68-76.

Nwana, H., “Software Agents: An Overview,”
The Knowledge Engineering Review, Vol.
11, No. 3, 1996, pp. 205-244, <http://
journals.cambridge.org/bin/bladerunn
er?30REQEVENT=&REQAUTH=0&1160
OOREQSUB==&REQSTR1=KER>.

36 EDUCAUSE QUARTERLY e Number 2 2005

Nwana, H. S., and D. T. Ndumu, “A Perspec-
tive on Software Agents Research,” The
Knowledge Engineering Review, Vol. 14,
No. 2, 1999, pp. 1-18, <http://journals.
cambridge.org/bin/bladerunner?30REQ
EVENT=&REQAUTH=0&116000REQSU
B==&REQSTR1=KER>.

Ovum Report, Intelligent Agents: the New Rev-
olution in Software (London: Ovum Pub-
lications, 1994).

Reinhardt, A., “The Network with Smarts,”
Byte, October 1994, pp. 51-64.

Wooldridge, M., and N. R. Jennings, “Intelli-
gent Agents: Theory and Practice,” The
Knowledge Engineering Review, Vol. 10,
No. 2, 1995, pp. 115-152, <http://jour-
nals.cambridge.org/bin/bladerunner?3
OREQEVENT=&REQAUTH=0&116000R
EQSUB==&REQSTR1=KER>.

The domain of software agents is
divided into two types: autonomous
interface/information agents (interface
agents for short) and multi-agent sys-
tems.? The concept of interface agents
involves the provision of agents that
enable the user to advance from direct
manipulation of systems to indirect
human-computer interaction by del-
egation to autonomous software agents.
Multi-agent systems are more complex.
The goal is to create a system that inter-
connects separately developed agents
and to enable the ensemble to function
beyond the capabilities of any single
agent in the system.?

Interface agents demonstrate great
potential, as reflected in multiple devel-
opments in various application domains.
Existing use includes auctions and elec-
tronic markets, entertainment, e-mail
filtering, news filtering, expert assistance,
matchmaking, recommendation sys-
tems, and Web domain management.*

In the context of this article, the term
software agents refers to personal inter-
face agents. We are interested in the
application domain specific to teach-
ing a distance-learning course within
the OUHK setting. This article reports
on the implementation and realization
of software agents as personal teach-
ing assistants in the distance-learning
environment. The software agents work
on behalf of academic staff and have
the authority and autonomy to interact
with the course Web server.

Related Work
A number of researchers have pro-

posed the development of software
agents in teaching and learning situa-
tions. Jafari® conceptualized three types
of software agents to assist teachers and
students:

m Digital Teaching Assistant—assists the
human teacher in various teaching
functions

m Digital Tutor—helps students with
specific learning needs

m Digital Secretary—acts as a secretary
to assist students and teachers with
various logistical and administrative
needs

Our work involves the first type of

software agent.



Razek, Frasson, and Kaltenbach® pro-
posed the application of software agents
to provide distance learning students
with timely and useful information in
a group discussion. The software agent
they built can observe conversations
among a distance learning community,
interpret the community’s input, orga-
nize the information, and then present
information useful to the students in
their current activities.

Our work also proposes using soft-
ware agents to make the communica-
tion in a distance learning community
more effective. However, we focus on
the communication between teachers
and students. The software agent we
built is designed to work on behalf of
teachers, assisting them in communi-
cating more effectively and closely with
students.

Suzuki and Yamamoto’ proposed an
agent-based distance learning system
for effective delivery of distance learn-
ing courses. Their system provides a
personalization service to each set of
courseware, allowing it to customize
its content and present materials in a
context-sensitive way.

Distance learning considered from a
learner perspective basically involves
four types of interactions:

m Learner-to-interfaces

m Learner-to-content

m Learner-to-learner

m Learner-to-instructor®

Suzuki and Yamamoto’s work? focused
on using software agents to enhance
the first two types of interactions for
a distance-education course. Razek,
Frasson, and Kaltenbach’s work!®
contributed to the third type of
interactivity factor. Our work proposes
applying a software agent to enhance
the fourth type of interactivity factor
in a distance education environment—
learner-to-instructor interaction.

Software Agents as
Teaching Assistants

As mentioned earlier, the main actors
in the education process of an OUHK
course are students, part-time tutors,
and an academic staff member as the
course coordinator. Most of the time,
these three actors are geographically

and temporally remote from each other,
and they use the course Web site as the
online environment for course deliv-
ery, assignment management, and
communication. Therefore, the course
Web server contains a lot of data about
students’ learning progress and their
study behavior.

We propose a software agent working
in the course Web environment to assist
the course coordinator in performing
the tasks requiring tedious and direct
interactions with the course Web server.
Figure 2 depicts how the proposed soft-
ware agent would work. The agent can
be configured through an agent configu-
ration interface to perform its jobs on
behalf of the course coordinator. It can
retrieve information such as that about
students’ learning progress and study
behavior, aggregate the information,
and send e-mails to the coordinator
to report status. When appropriate or
necessary, the agent can represent the
course coordinator in sending e-mails

to tutors or students for timely alerts

or reminders.

Based on the course coordinator’s
usual responsibilities (summarized
earlier in the task list), we wanted the
software agent to perform the following
duties. Note that none of these tasks
was new because of the availability of
the software agent.

m Send alert e-mails to inactive students
(those who have not accessed the
course Web site for a long period of
time). The course coordinator decides
the length of the inactive period and
instructs the software agent to send
the alert e-mails based on the estab-
lished time.

m Send e-mails to inform tutors about
inactive students and advise tutors
to have proactive consultation with
those students.

m Send e-mail alerts to those students
who have not downloaded a particu-
lar piece of course material or who
have not read an important piece of
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course news since it was uploaded

to the file server. This helps prevent

students from missing information or
forgetting to download an important
item, such as an assignment file.

m Help the course coordinator keep
track of students’ progress, and send
e-mails to the coordinator and tutors
about those students whose perfor-
mance is at a marginal level.

m Retrieve information from the course
timetable and send reminder e-mails
to students. For example, it might
send a reminder to students five
days before an assignment due date
and one day before a face-to-face
session.

m During the period when assignments
are submitted, the agent will moni-
tor the assignment submission status
and send e-mails after the due date
to those students who have not sub-
mitted the assignment. It will also
inform the course coordinator and
tutors about those students.

We did not follow a rigorous pro-
cedure in coming up with this list of
tasks—we simply selected them from
those of the course coordinators’ list
of tasks that can be clearly expressed
without the need for further clarifica-
tion or judgment. They are tasks that
can be easily delegated to an autono-
mous software agent. In the absence of
software agents, these tasks consumed
massive human effort for unintelligent
information retrieval and processing.

Development and
Implementation

We first installed Red Hat Enterprise
Linux (http://www.redhat.com/) as the
operating system on a server connected
directly to the Internet. This machine
is used as the software agent’s execu-
tion environment. We also installed an
Apache Jakarta Tomcat (http://jakarta.
apache.org/tomcat/) server in the
machine as the Web server. The Tomcat
server is a Web application container
that can run Java Servlets and JavaServer
Pages in Web applications. We chose
it because our implementation of the
software agent was based on these two
Java technologies, and the Tomcat is
an open-source, stable, Java-based Web
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server with good performance.

The software agent has to access
course presentation information includ-
ing the schedule of face-to-face sessions
and assignment due dates. The agent
also needs to access course news and
announcements posted by the course
coordinator. For this purpose, we devel-
oped a course Web interface for the
coordinator to perform the following
tasks:

m Enter or update course presentation
information.

m Post course news and announce-
ments.

m Upload assignment files and supple-
mentary study material.

All this information is stored in the

server’s database, which the software

agent can access to perform its duties.

In particular, the agent can send e-mails

to students and tutors to:

m Remind them about upcoming face-
to-face sessions

m Remind students to submit their
assignments before the due date

m Inform students that a new course
item (such as a course announcement
or an assignment file) has been posted
on the course Web site for them to
read or download

We also developed a Web interface

for students to use in subscribing to the
course reminder service. Students can
also choose the frequency and quan-
tity of those reminder e-mails. Figure
3 shows the interface we built for this
service.

The software agent can access infor-
mation relating to assignment submis-
sion, mark-up progress, and students’
assignment scores. The agent needs this
information to perform its analysis and
reach some conclusions that may be
useful for early detection of problems
in either the teaching or the learning
process. For this purpose, we developed
the agent to the extent that it can log
into the university’s electronic assign-
ment submission and recording sys-
tem (ASRS), interact with the system
to obtain the necessary information,
filter the information, and send e-mails
to the course coordinator to report its
findings. The agent needs the coordina-
tor’s authorization (user name and pass-
word) before logging into the ASRS. For
example, one task the software agent
can do on behalf of the course coordina-
tor is locate—after the due date—those
students who have not submitted an
assignment. The agent reports this to
the coordinator by e-mail.

Next we describe implementation of
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the software agent at a more technical
level. Figure 4 shows the main elements,
which we implemented using Java serv-
lets and the related technology. To start
the process, we put the “ScheduleLife
servlet” in the server to accommodate
the agent. The servlet will start and ini-
tialize execution of the software agent
when the server starts and stop the
agent when the server shuts down.

To facilitate the software agent’s per-
formance in the server, we implemented
several Java classes:

m Schedule Control Class is the program
code to control the software agent’s
life and behavior in carrying out vari-
ous tasks.

m Job Listener Class, which listens to
Schedule Control Class, generates
an error notification e-mail to report
to the system administrator when
exceptional events occur.

m Data Retrieval Class retrieves all
required information at once for the
Job Central Processing Class. The
information includes students, tutors,
the course coordinator, the schedule
of face-to-face sessions, assignments,
and course news.

m Job Central Processing Class, which is
invoked by Schedule Control Class,
accepts information provided by
Data Retrieval Class. This class hosts
the criteria to generate e-mail alerts
to participants, composing e-mails
and sending them to the appropriate
recipients when the criteria are met.
The software agent is scheduled to

run every day. It sleeps until the cur-
rent server time meets the scheduled
time defined in its configuration file.
After it “wakes up,” the agent retrieves
all necessary data from the system
database or from outside sources. In
particular, it obtains information about
the participants’ (including the course
coordinator, tutors, and students) e-
mail addresses and their communica-
tion preference (when and what types
of information). After all information
has been prepared, the software agent
composes e-mails and sends them to
the corresponding participants using
the system’s mail server.

Figure 5 shows the software agent’s
operational flow. Monitoring Agent
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monitors the software agent’s sched-
uled time. When the scheduled time
arrives, the Scheduler Module invokes
the Job Control Module, which looks
into the Objectives defined previously.
According to the Objectives defined,
different tasks require handling that
are governed by different conditions.
When all the required conditions for
a specific task have been fulfilled, the
control module takes corresponding
action(s) by using previously retrieved

information to compose an e-mail alert
and automatically send it to recipients
on behalf of the course coordinator. At
the same time, the Job Control Module
updates the system database according
to the information sent to recipients.
After all tasks have been performed,
the module records the total number
of reminder e-mails sent out to all par-
ticipants in each course. Then the Job
Control Module returns control to the
Execution Module, which invokes the
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Monitoring Agent again to monitor the
next scheduled time.

Discussion

We have piloted use of the software
agent as a teaching assistant in four
OUHK distance learning courses, of
which one commenced in April 2004
and three in October 2004. Choy and
Ng are the course coordinators and the
sole users to interact with the software
agent to date. As mentioned before, the
ultimate function of the implemented
agent was to take over routine jobs
handled by the course coordinators.
Because the coordinators handle those
routine jobs in the absence of the soft-
ware agent, its existence was not noticed
by students and tutors. When the agent
sent reminder e-mails to students or
tutors, it wrote on the coordinator’s
behalf. It also sent a duplicate e-mail
to the coordinator for recording pur-
poses. During the pilot period, all the
software agent’s operations, such as
accessing course information, process-
ing information, and sending e-mails
to the course coordinators, students, or
tutors, functioned properly.

Choy and Ng agreed that the soft-
ware agent was helpful and concluded
that course coordinators could save a
lot of time by delegating those routine
jobs, which involve direct interactions
with the course Web site and tedious
information processing, to the software
agent. It is fair to say that students expe-
rienced no immediate impact, since,
after all, the software agent worked as
an administrative assistant to the course
coordinators. Nevertheless, from time
to time the coordinators received posi-
tive feedback. Students commented
that their teacher was enthusiastic
about their studies and aware of their
learning progress and performance in
the course. They appreciated the close
communication between coordina-
tors and students—maintained by the
software agent. This communication,
in turn, helped create a good learning
atmosphere—the indirect benefit of the
software agent to students.

We developed the software agent to
work as a software robot to assist the
teaching staff in the OUHK distance
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During the pilot period,
all the software agent’s
operations, such
as accessing course
information, processing
information, and sending
e-mails to the course
coordinators, students, or
tutors, functioned properly.

learning environment. We can fur-
ther increase the agent’s capabilities in
advancing the project. For example, the
software agent could perform a number
of useful tasks with the information
stored in the assignment-management
system. It would also be valuable to
develop the agent to the extent that it
can read the discussion messages among
students and tutors in the online discus-
sion forum, analyze them, and report its
findings to the teaching staff.

At the time we wrote this article, the
OUHK software agent had only been used
by its advocates—us—in our courses. We
are convinced, however, that software
agents offer good support of distance edu-
cation. Still, the developer of a tool no
doubt finds it helpful and easy to manage
when others might not enjoy the same
experiences, so we know the potential
difficulties facing us in promoting the
use of software agents in our university.
The institution-wide adoption of software
agents to assist distance learning teaching
requires institutional policy to emerge
during the evolution of this new technol-
ogy. We hope that further development
of the software agent’s capabilities will
prompt the development of supportive
institutional policies and increased adop-
tion of this technology at OUHK. €
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