Techniques for Engaging Students in an Online Computer Programming Course

Eman M. EL-SHEIKH
Department of Computer Science, University of West Florida
Pensacola, FL 32514, USA

ABSTRACT

Many institutions of higher education are significantly
expanding their online program and course offerings to
deal with the rapidly increasing demand for flexible
educational alternatives. One of the main challenges that
faculty who teach online courses face is determining how
to engage students in an online environment. Teaching
computer programming effectively requires
demonstration of programming techniques, examples,
and environments, and interaction with the students,
making online delivery even more challenging. This
paper describes efforts to engage students in an online
introductory programming course at our institution. The
tools and methods used to promote student engagement in
the course are described, in addition to the lessons
learned from the design and delivery of the online course
and opportunities for future work.

Keywords: Online learning, introductory computer
programming, online  course  delivery, student
engagement, computer science education.

1. INTRODUCTION

A rapidly increasing demand for flexible educational
alternatives has led to a significant rise in online
program and course offerings. Many higher
education institutions across the country are
increasingly developing online programs courses
that were once only available in a face-to-face
setting. This case is true at our university, where
there is an increasing trend in the number of online
courses and programs being offered. This increase
in online course offerings is designed to meet the
changing needs of our students. At our institution,
54% of students work more than 20 hours off-
campus, and 62% are providing care for dependents
living with them. Many institutions nationwide are
reporting similar trends.

One of the main challenges that faculty who teach
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online courses face is determining how to
effectively engage students in an online course
format. Courses that are delivered online usually
have the same objectives and student learning
outcomes, and should aim to engage students in
meaningful learning experiences similar to their
face-to-face equivalents. Recent reports indicate that
the skills that are most important to employers in
hiring recent college graduates are teamwork skills
(44%), critical thinking and reasoning skills (33%),
oral and written communication skills (30%), and
the ability to assemble or organize information
(21%) [1, 2, 3]. The design and delivery of online
courses should support the development of these
essential skills. In addition, online computer
programming courses should promote the
development of effective programming and software
development skills.

This paper describes efforts to engage students in an
online introductory computer programming course.
The course was developed using Desire2Learn™
[4], the course management system that has been
adopted at the University of West Florida. The
course described is a foundational Java
programming course offered by the Department of
Computer Science. It is the first course that students
majoring in a computing discipline take. The course
is also taken by students who chose to minor in one
of the computing programs or students with a
general interest in programming, making the course
additionally challenging to teach.

The next section reviews current literature related to
online programming courses. Section three
describes the design and structure of the online
course. The methods and tools that were identified
and used for engaging students are described next.
Finally, the paper concludes with a discussion of the
lessons learned in the process and opportunities for
future work.
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2. REVIEW OF RELATED LITERATURE

A review of the literature related to the development
and delivery of online courses reveals a number of
important issues. Maki and Maki [5] conducted an
extensive survey of online courses in various
disciplines, including computer science, economics,
biology, statistics, psychology, and education. Their
results indicated that learning outcomes achieved by
students in online courses were no worse than, and
often no better than, those achieved by students in
face-to-face courses. They concluded that the
activities in which students participated in were
more important than the medium of delivery for
achieving the goal of improving student learning
outcomes.

Some of the literature focuses specifically on the
design of online programming courses, including
reports of technologies and methods used in such
courses, and of their impact on student learning
outcomes. Fisher and von Gudenberg [6] discussed
the presentation of a Java course online. Two major
technologies formed the basis of the course: a
hypermedia tutorial system that provided significant
interactivity with examples and exercises, and a
semi-automated assessment scheme that improved
feedback time to the students. The course did not
include synchronous activities, and, while the
completing students produced highly satisfactory
work in the opinion of the authors, attrition rates
were approximately 50%.

Reeves, Baxter, and Jordan [7] described an
introductory course in C++ taught online with the
WebCT Learning Management System (LMS). The
course was built around this LMS which contained
the syllabus, daily assignments, longer-term
programming projects, PowerPoint-based
presentations, a textbook, and a programming
environment. Students in the online class were
encouraged to attend a face-to-face section of the
same course (at least at the start of the term), but
only one student took advantage of this opportunity.
While the  opportunity  for  synchronous
communications was present, it was not available
online and largely ignored.

Thomas [8] described an online offering of a C++
programming course. She related that even though
the course was geared toward mature students with
at least a year of programming experience, face-to-
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face meetings with a teaching assistant proved
useful. Despite the fact that the course included
utilization of standard distance communications,
several students reported feeling isolated and
wishing for better contact with the instructor.
Suggestions included holding face-to-face exam
reviews. Thomas concluded that online courses
require mature and motivated students and some
compensation for the lack of face-to-face
interactions.

Zachery and Jensen [9] describe the organization of
a course in JavaScript programming that was
offered online. Their course included custom
materials that they called "example-based
narratives" which illustrated the results of executing
pieces of code, coupled with a hint facility for
exercises. Programming assignments required
completion of skeleton code provided by faculty and
did not include hints. Students could get help either
via email or telephone calls to faculty during office
hours, maintaining a synchronous aspect to the
course.

Molstad [10] describes uses of various types of
distance educational technology in an online
introductory programming course, including the use
of two-way audio-video capabilities that were used
to allow students to access recordings of lectures.
Students could ask questions that arose in the
process of viewing the recordings, but no
synchronous capability was available.

Varying results regarding the quality of outcomes
that are achieved in online versus face-to-face
programming courses exist in the literature. Ury
[11] concluded that the performance of online
students was satisfactory, but that their aggregate
final grade was significantly lower than that of
students who took an equivalent face-to-face class.
Kleinman and Entin [12] arrived at a different
conclusion, reporting that there were no significant
differences in overall outcomes, corroborating the
results of Maki and Maki [5].

Other results in the literature indicated the need to
find ways to improve attrition rates in addition to
learning outcomes. EI-Sheikh, White, and Coffey
[13] reported relatively little difference in outcomes
between face-to-face and online students in an
introductory programming course, but noted that
dropout rates were much higher in the online section
of the course. Reeves, Baxter, and Jordan [7]
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corroborated this result. They reported that while
completers of the online version of the course
performed about as well as those from the face-to-
face class, the online section had double the attrition
rate.

Some articles in the literature address the issue of
student engagement in online courses, although not
specifically for programming courses. Lytle, Lytle,
and Brophy [14] discussed methods to promote
student engagement in relatively large online
classes. They included activities that focused on
early ~motivation and participation, active
engagement with the content being covered, and use
of a simulation to intensify participation and
retention. Arbaugh [15] studied the impact of
technologies, pedagogy, and student characteristics
on student engagement in online Master’s of
Business Administration (MBA) courses. The
results revealed that the most significant factors
towards student learning were related to the
instructor’s efforts to create an interactive classroom
environment.

This brief literature review reveals some of the
important issues that are relevant to the
development and delivery of online computer
programming courses. A variety of technologies and
methods have been employed and analyzed. Varying
results exist regarding the level of achievement and
attrition rates in online versus face-to-face classes.
The design and incorporation of activities and tools
that can foster better student engagement would
seem to be of value in improving attrition rates and
learning outcomes. The remainder of this paper will
describe the development of an online introductory
programming course, the tools and activities used to
promote student engagement in the course, and the
lessons learned from offering the course.

3. COURSE DESIGN AND STRUCTURE

The online course was developed using
Desire2Learn™ [4], the course management system
adopted by our institution. This course management
software provides an integrated framework for
developing the components of an online course, as
well as for delivering the course. Since the course
was to be delivered completely online, it was
important to develop a clear organization for the
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course materials that would provide a range of
content, resources, and activities, and that would
enable students to easily locate and access relevant
materials. The course web site was organized into
categories including:

announcements and course calendar
content, resources, and assignments
discussion boards

quizzes and exams

drop boxes

class list and grade book

The content was organized around eight
instructional units. Each unit included a summary
page with an overview of the material, and links to
related assignments and resources. This allowed
students to access a single page for each
instructional unit to find everything that would be
relevant to their learning goals at any time during
the semester. In addition, a phased delivery system
was used for the instructional units, in which each
unit was made accessible to students at the time it
was to be covered in the course schedule. This
helped prevent students from feeling lost or
overwhelmed with too much material by directing
their attention to each unit as it was being covered.
A screen shot from the course web site, which
shows an overview of the instructional units and
other materials, is shown in figure 1.

In addition to the instructional units, the course also
incorporated a large set of resources, including
programming examples, content slides, getting
started guides, programming templates, and links to
useful web sites, such as Java tutorials and textbook
resources. Providing a diverse collection of
resources was a design objective of the course to
cater to students’ various programming backgrounds
and learning preferences. Through the course web
site, students could also access the specifications
and resources for all programming projects and
assignments, and submit their projects and
assignments using designated drop boxes. A screen
shot illustrating the assignments section of an
instructional unit is shown in figure 2.
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Fig, 1. Course web site: overview of instructional units and other materials
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Fig, 2. Course web site: assignments section of an instructional unit

The course also included a set of discussion forums
to allow interaction among the students and
instructor about various topics and issues related to
the course content and requirements. The discussion
forums were organized into five categories: general
discussions, lab-related discussions, project-related
discussions, exam-related discussions, and
“muddiest point” discussions, which were intended
to provide a forum for students to discuss the issues
in each instructional unit that were difficult to
understand or that they had questions about. The
variety of discussion forums allowed students to
identify the most appropriate area to post questions
and answers related to the course policies and
schedule, assignments, content, or exams. Students
were encouraged to post their questions or
comments to the most appropriate discussion forum,
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as well as to try to answer questions posted by other
students. A screen shot showing some of the
discussion forums is shown in figure 3.

Chat rooms were also created as part of the course
web site to allow synchronous interaction among the
students and faculty to discuss course-related issues.
These chat rooms provided a supplementary means
of communication in addition to the asynchronous
discussion forums. Students took two exams during
the semester and a final exam at the end. The mid-
semester exams were administered online. The final
exam was proctored and common to both the online
and face-to-face sections of the course. Students in
remote locations were required to register at an
approved testing center to take the final exam.

VOLUME 7- NUMBER 1 - YEAR 2009 5



é = M (ar | ¥ nttp://hostsited2l.uwf.edu/d2forgTools/ouHome/ouH 77 - | |[Gl+| Google £
Google | V| |Cl search - & ® ok - M - ¥¢ Bookmarks: » (@ settings~
| e University of West Florid... &3 1=
My Home Email Locker Glossary Blog Welcome, Eman Friday Fe
& L :
earning.uwf.edu java PROGRAMMING
—
Courze Home Content Links Discussions LiveRoom (Chat] Dropbox Quizzes Grades Classlist
+ Lliscussions take Post a message indicating that you have JDK and jGRASP up and running (whether vou'll be 3
place inside working on your own machine or in the SAIL lab), and that you have successfully compiled __
Topics, where and ran the HelloPrinter example from chapter 1.
messages are
posted, read, and
replied to. Course Discussion
Discussion Topics 43 messages - 0 unread
are organized into Post any guestions and answers related to the course schedule, structure, exams, etc here.
Forums, which are
collections of 3
related Topics. Java Discussion
. 16 messages - 0 unread
+ Use this page to 7 _
access discussion Post any guestions and answers related to Java programming or the course content here.
Topics.
To enter a
Y dncisa Torks Project Discussions
s Ra ! Post project-related questions and answers here.
Project One
25 messages - 0 unread
Post questions and answers related to project one here.
Project Two
20 messages - 0 unread
Post questions and answers related to project two here.
Project Three
28 messages - 0 unread —
Post guestions and answers related to project three here.
Project Four
5 messages - 0 unread
Post questions and answers related to project four here.
Project Five
36 messages - 0 unread
Post guestions and answers related to project five here.
Project Six
23 mes=zages - 0 unread
Post questions and answers related to project six here.
Project Seven
17 messages - 0 unread
Post guestions and answers related to project seven here.
"Muddiest Point" Discussions
This area is your first resource for asking questions regarding course material. Here's the idea:
« If there are any issues in the material that you do not understand, post a question to the
appropriate unit discussion below.
« If you understand all of the unit's material, your job is to answer someone else's
question.
« If you have posted a guestion, you must follow-up to =ee if your gquestion was answered
and indicate whether or not the "answer" was helpful.
This should be fun, as well as 8 meaningful part of the course experience. w
Done

Fig, 3. Course web site: discussion forums

The course web site also provided a number of other
useful features, including a page for announcements
and reminders for upcoming deadlines, drop boxes
for students to submit their work, and a section that
enabled students to take online exams. This was
used to administer the mid-semester exams in a way
that gave students a 3-day window to take the exam
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to accommodate their schedules, but once they
started the exam, it had to be completed within a
certain time limit. The web site also included a
grade book that displayed each student’s grades in
relation to other students’ and the class average, a
class list that allowed students to see which other
students were currently logged into the course web
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site, and a capability to email other students or the
instructor individually or as a group.

4. METHODS AND TOOLS FOR
PROMOTING STUDENT ENGAGAGEMENT

Several activities and tools were included in the
online programming course to promote active
learning and student engagement. The course
incorporated two types of methods for promoting
student engagement: asynchronous and synchronous
methods. Asynchronous methods and tools, such as
discussion forums and email communication, were
used to provide opportunities for students to interact
with other students and the instructor as their time
allowed. These tools provide flexible interaction
alternatives, and consequently, cater to the needs of
students who choose to enroll in online courses and
programs. Synchronous methods and tools, such as
chat rooms and collaboration tools, were used to
engage students in real-time active learning
experiences. These activities helped transform the
online course into a virtual active learning
environment similar to a face-to-face classroom.

A wide variety of discussion forums provided the
students and instructor with opportunities to engage
in discussions about the course requirements,
materials, and assignments. The discussion forums
were widely used by students to post their questions,
responses to other students’ questions, resources that
they wanted to share, and general comments about
the course or Java programming. Students regularly
responded to each other’s questions and comments.
The instructor monitored the discussion boards
routinely, answering questions or pointing out useful
resources when appropriate. The instructor also
often posted leading questions, intended to initiate a
discussion among students about a topic or issue
relevant to the instructional unit currently being
covered. The discussion forums helped create a
community of learners in the course, with everyone
contributing towards the achievement of common
learning goals in various ways.

In addition to the asynchronous discussion forums,
the course included the use of two synchronous
tools and activities to foster greater student
engagement. One of these activities was the
incorporation of weekly synchronous class sessions
using a collaboration software tool called
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Elluminate™ [16]. These weekly sessions, which
were scheduled at the time most preferred by the
majority of students, allowed the students and
instructor to have virtual discussions about the
course content and assignments and work together
to complete related activities.

The collaboration software tool allowed participants
to interact via voice, video, and text messages, and
to access a common workspace that could be used to
discuss course materials, assignments, or example
programs. Another feature of Elluminate™ allowed
participants to share their desktop, so that the
instructor could develop, compile, and run programs
while the students were observing or participating.
In addition, students could give the instructor
permission to take over their desktop to help answer
questions or resolve errors in their programs.

The sessions were recorded and made available
online so that all students could later view them.
Figure 4 shows a screen shot from one of the
synchronous sessions illustrating application sharing
among the instructor and students. These
synchronous sessions helped promote active
learning and student engagement by providing
additional opportunities for the students and
instructor to continue to evolve as a community of
learners and work towards fulfilling the course’s
learning objectives. Figure 5 shows another screen
shot from one of the synchronous sessions
illustrating a group activity related to one of the
assignments.

Chat rooms were also created as part of the course
web site to allow real-time interaction among the
students and instructor. Several chat rooms were
created for different topics, including a chat room
for course assignments and requirements, and
another one for discussions about object-oriented
and Java programming techniques. Students could
join these existing chat rooms or create their own
chat rooms to discuss issues that emerge during the
semester. The chat rooms were moderated by the
instructor. They were available throughout the
semester, and were often used to follow-up on
questions that had been posted on the discussion
board when there was a need for more direct,
interactive discussion.
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Fig. 4. Synchronous learning session: application sharing

Another activity integrated into the course design
was the use of virtual office hours. Each week, the
instructor had a dedicated time during which she
was available online to allow students to get
immediate assistance. During that time, the
instructor was logged in to the course web site and
could communicate synchronously with the students
via the chat rooms, discussion boards, or a tool
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known as the pager. The pager is a feature of the
course management system that allows students to
“page” the instructor when they had a question, and
the instructor could, in turn, respond immediately.
The virtual office hours offered a regularly
scheduled time during which students knew that
they could get immediate assistance.
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Students could also get assistance using email,
although this was discouraged except for questions
that were very specific to an individual student’s
situation. Students were encouraged to use the
discussion forums or chat rooms for general
questions to emphasize the community of learners
approach. A teaching assistant was available at the
main campus during scheduled hours to help
students who preferred to get face-to-face
assistance, and also to provide online assistance via
the discussion forums.
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5. CONCLUSIONS AND LESSONS LEARNED

The programming course was delivered online using
the methods and tools described in the previous
section. Several lessons were learned from the
design and delivery of the online programming
course that can be helpful in offering future online
programming courses, as well as in the design of
other online computing-related courses. The major
recommendations are summarized below:
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It is important to provide multiple methods for
interaction to cater to a wide variety of students’
preferences and learning needs. The course
included numerous ways to facilitate interaction
among the students, instructor, and teaching
assistant, including discussion forums, chat
rooms, virtual class sessions, virtual office
hours, and the pager tool. Including a variety of
methods to interact helps students stay engaged
with the course, by providing multiple
opportunities for them to have discussions about
the course content and requirements, and get
answers to their questions.

Include opportunities for both synchronous and
asynchronous interaction. Synchronous
activities, like the virtual class sessions done
using Elluminate™ [16], virtual office hours,
and chat rooms allow students to get immediate
responses to their questions. This is important
for a programming course, in which students
often have debugging, syntax, or ‘how-to’
guestions that can interrupt their progress if not
answered in a timely manner, yet can often be
answered fairly quickly. Also include
asynchronous interaction mechanisms, such as
discussion forums, that enable students to seek
assistance and engage in discussions as their
time permits. Providing a variety of
synchronous and asynchronous interaction
methods further promotes student engagement
in the course by catering to their range of
learning needs.

Identify appropriate technologies and tools that
can help engage students in an online course. A
variety of tools exist that can be used to enhance
online learning experiences, and these tools are
rapidly evolving. It is important to keep up with
the availability of such tools and explore how
they can be utilized to create active learning
opportunities that can enrich the online learning
environment. For example, the ability to
demonstrate the design, implementation, and
testing of programs greatly enhances the
teaching of programming skills. The use of the
Elluminate™ software tool enabled the
instructor to demonstrate the development of
programs, as well as to view and debug
students’ programs. In addition, the software
facilitated collaborative activities and real-time
discussions and interaction. Discussion boards
and blog tools can facilitate discussions and
interaction that keep students engaged
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throughout the semester. A pager or instant
messaging tool can be used to let the instructor
know that a student requires immediate
assistance.

Incorporate activities that enable collaboration
to give students additional opportunities to
interact with each another and create a
community of learners. For example, the
synchronous sessions included in the course can
be used to facilitate collaborative learning
activities in which students are divided into
small groups of 2 — 4 students to solve
programming problems. The sub-groups can
then reconvene and discuss their results with the
entire class. As another example, the chat rooms
can be wused to facilitate weekly group
discussions.

Another important requisite for student
engagement in an online course is to require
regular interaction and graded work as part of
the course requirements. Students often enroll in
online courses instead of face-to-face courses
because they have work and/or family
obligations, and are looking for flexible learning
opportunities. With other demands on their time,
students can easily get disengaged from an
online course, which often adversely impacts
their chances of succeeding in the course.
Requiring regular graded assignments and
related interaction opportunities helps students
stay engaged throughout the semester. In this
course, students were required to submit weekly
programming assignments, with a set of review
exercises due each week and a larger
programming project due every other week.

Requiring regular graded work and interaction
will be more beneficial if students’ progress is
monitored regularly. It is important to track
students’ participation in the course, and find
ways to engage students who are having
difficulties keeping up with the material or
whose performance is deteriorating. Indicators
of students’ participation in the course can
include submission of assignments,
contributions to discussion forums, and
participation in the virtual class sessions.

Online students benefit from more regular and
detailed feedback on how they are doing in the
course, compared to face-to-face students, who
can often get informal feedback or indicators of
their performance from the class sessions.
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Ideally, students should receive detailed and
timely feedback on all graded assignments and
exams, preferably within a week after students
submitted them. Providing students with more
informal or brief feedback about their
participation in course activities, such as the
synchronous learning sessions, helps students
stay engaged in the course. Such feedback also
helps students reflect on their learning
experiences, which can consequently lead to
better achievement of the intended learning
outcomes.

e In addition to providing useful feedback to the
students, it is also important to ask for students’
feedback during the semester and make changes
to accommodate their needs as necessary.
Online students often have varied learning
needs and preferences, compared to face-to-face
students. Administering a background survey at
the Dbeginning of the semester can help the
instructor tailor the course materials and
assignments to the students’ specific learning
needs. Asking for their input during and at the
end of the semester on how well they achieved
the learning goals and how to improve the
learning experience can provide the instructor
with useful suggestions for improving learning
experiences and increasing student engagement
for the remainder of the course or for future
course offerings.

The lessons learned have generated several useful
ideas for the design and delivery of future online
programming courses. One technique that has
shown potential in improving learning experiences
and engaging students in online programming
courses is the integration of synchronous learning
sessions into the course. More studies are needed to
determine the best ways of incorporating such
synchronous activities for improving students’
learning outcomes. El-Sheikh, Coffey, and White
[17] investigated the use of synchronous learning
sessions in an online programming course, and
reported the difference in outcomes between face-
to-face and online students.

Another promising path for future work is the
investigation of strategies for incorporating
collaborative learning opportunities in an online
course environment. ldentifying appropriate tools
for facilitating collaborative activities and group
interaction can help improve student learning
outcomes in an online programming course. Further
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work is needed to design and integrate effective
collaborative learning activities into the course. In
addition to increasing student engagement, these
strategies can promote the creation and
sustainability of a community of learners in pursuit
of the course’s learning objectives.
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