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This paper discusses some instructional design principles used in a First Year Computer Science unit to create a new form of learning environment online, which focuses on authentic student learning by re-orienting the instructional paradigm to reflect what recent research has shown about the learning process.  We believe that assisting students to become constructive learners will encourage our students to take increased responsibility for their own learning and that ultimately our students would be able to participate meaningfully in a networked, knowledge-based economy of the 21st century.  In this way, our students will be better prepared for life in a postmodern, postindustrial world which requires of them to engage in a lifetime of learning for enhanced personal development and to facilitate for themselves flexible career paths.

Introduction

The advent of online technologies and the resources of the World Wide Web have resulted in the need for educators to focus their attention and imagination on how best to restructure the teaching and learning processes to make optimal use of these new agents of change in the educational enterprise/sector.  The overriding principle in the current usage of the web has been the view of the World Wide Web as a storehouse of information as most educators have been using the web to publish their own materials such as lecture notes for student access, thus focusing on the content to be learned rather than the process of learning.  This paper discusses some instructional design principles used in a First Year Computer Science unit to create a new form of learning environment online, which focuses on authentic student learning by re-orienting the instructional paradigm to reflect what recent research has shown about the learning process.  We believe and argue that assisting students to become constructive learners will encourage our students to take increased responsibility for their own learning and that ultimately our students would be able to participate meaningfully in a networked, knowledge-based economy of the 21st century.  In this way, our students will be better prepared for life in a postmodern, postindustrial world which requires of them to engage in a lifetime of learning for enhanced personal development and to facilitate for themselves flexible career paths.

Organising Learning-Centred Instruction on the Web. 

In order to organise teaching around the learning process with the use of online technologies, there is a need to be clear about what the learning process entails.  First, we need to spell out our assumptions or premises about the learning process based on the most recent research.  These are some of the central premises of learning on which we base our instructional design of the first year unit in computer science.

∑
Learning is an active process of meaning or knowledge construction from information.

∑
Learning occurs when the learner is able to construct mental models of the content to be learned, that is, when new knowledge is assimilated to old and old knowledge is changed to accommodate the new.

∑
Learning takes place in a context, that is, knowledge makes sense when it is situated in a real life situation.

∑
Learning occurs socially as meaning is negotiated and shared among the members of the community who use the common knowledge.

We also found R. Marzano's conceptualization of the process of learning as a complex system of interactive processes which includes five types of thinking particularly insightful and useful.  Marzano discusses these five types or dimensions of thinking in-depth.

1
The need to assist  students to develop positive attitudes and perceptions about learning.  This is an important dimension to remember in designing an environment that is conducive to learning since our experience of any phenomenon is coloured by our attitudes and perceptions that we bring to the situation.  It is important therefore, to be cognisant of the attitudes and perceptions of the learners, to know their characteristics, their aims and aspirations for studying.  Lessons and learning activities are developed to foster positive attitudes and perceptions.

2
Research in cognitive psychology points to learning as an active process which involves thinking in acquiring and integrating knowledge.  As Chickering and Ehrmann note, learning is not a spectator sport.  Learning activities planned need to provide opportunities for students to talk about what they are learning, to reflect and think about new information, relate it to past experience and say how they could use the knowledge in their everyday lives.

3
The learning process also involves thinking which extends and refines what is known.  However, extending and refining knowledge means doing some hard work.

4
The main purpose for acquiring knowledge or developing a skill is to be able to use that skill or knowledge.  However, to be able to do this requires the student to go beyond extending and refining knowledge to the thinking involved in using knowledge meaningfully.  Learning activities need to be challenging and require students to go beyond what they normally do in a classroom situation.  In other words, students need to be set learning activities which simulate real life work , which entails complex tasks commanding, extended engagement as a result of which the deepest learning occurs.  Thus, in this case study we attempt to set some authentic tasks rather than many superficial ones.  We also attempt to give the students a sense of control over the learning process.  Ownership and control are central factors in affecting the quality of learning.

5
Nearly everything we do is affected by the mental habits that we develop.  There are some mental habits which make learning effective and efficient and these include sensitivity to feedback, attempting to be accurate and precise, persevering even when answers are not apparent, being able to think about content in unusual ways and avoiding acting on impulse.  In this unit one of the goals is also to attempt to assist our students to develop some of the above habits during their course of study.

Creating a good learning environment online

How does one design a good learning environment for 300 students in a first year computer science unit on the basis of the principles and theories of learning that we have just discussed?  As a student in this unit one would want to be able to acquire information on one's own, be given the opportunity to relate the new information to one's previous experience and feel comfortable enough to discuss with others in the class what one is learning, then apply and synthesise the information and apply the knowledge learned to novel situations  As David Jonassen et al point out, "...the most valuable activity in a classroom of any kind is the opportunity for students to work and interact together and to build and become part of a community of scholars and practitioners."  By creating a learning community we hope to enhance the students' classroom experiences through the provision of a broader context for their learning tasks.  Face-to-face teaching and learning is enriched by online interaction.  The challenge is how to leverage the online technologies to create a learning community consisting of a cohort of students taking a common curriculum for a time span of about fourteen weeks, that is, one semester.  In the following sections we will discuss the way these new media spaces open up possibilities of human interactions beyond those available in the traditional classroom or lecture hall.

Creating a virtual communal space for both students and lecturer 

The first year students in the unit Comp 131 Introduction to Computer Science I consists of 100 internal students and 200 external students.  The profile of each of these groups is very different as are their reasons for study.  Internal students are typically just out of high school and look to university as a natural progression to their job.  They perceive study as a means of obtaining a job.  External students on the other hand are typically adult learners.  Most but not all of these students exhibit the following features as summarised by Mark Laskin: 

∑
As adults these learners  are self reliant and can learn on their own.

∑
They feel they have something to offer.

∑
They learn only what they perceive to be relevant so any theory must be a vehicle to practicality.

∑
They are less tolerant of non-meaningful learning that sometimes some lecturers require of students to do like the 'busy work' tactic for the sake of covering time.

∑
Adult learners have gained life experiences and they wish to communicate these thoughts as it relates to the subject matter. 

∑
Adult learners want to be treated as adults and they learn best in a democratic non-threatening environment.

To provide a profile for the types of students studying the unit we decided to use the first assignment. The first assignment for the unit involved students posting a short description of themselves and the reasons for their studying the unit on the Bulletin Board.  In addition, to encourage participation and interaction between the various categories of students a discussion topic was also given.  To provide incentive for students to participate in the first assignment it was given a contribution of 6% to the students overall mark for the unit. 

On studying the postings we found it useful to represent the students into the following four learner categories used by the University of North Carolina and PricewaterhouseCoopers in the development of a system-wide instructional technology strategy as discussed by Diana Oblinger: 

1.
Life fulfilment learners: View doing the unit as a kind of hobby or a source of personal development. Life fulfilment learners consist of approximately 2% of all enrolments for this unit and are generally people who are older and retired and tend to enrol in the external mode of study.

2.
Corporate learners: Seek to pass this unit in order to get a computer science degree to advance their careers within their corporation.  These learners account for 60% of all the enrolments and generally enrol in the external mode of study.

3.
Degree completion adult learners: Seek to complete a degree later in life than usual and they are often working adults who must balance work and family responsibilities with their educational goals.  These people account for approximately 2% of the enrolments and tend to be partners with children and look to a degree as an outlet from family duties with perhaps one day getting a job within the industry. 

4.
"College experience" learners: This group is in the age group between 18-24 and are usually those who are just out of high school and are undergoing the "coming of age" process as well as getting an academic experience.  This group accounts for the other 33% of enrolments and consists of mainly internal students living in the colleges and residences on the university campus.

Building the right learning climate for authentic learning

It should be noted that those four categories above are not definitive as there may be some overlap. However, while the students in the learning categories all have different reasons for studying it seems that they share a common objective. This objective is to pass the unit as evidenced by the large number of postings that stated just that in response to the question “What they hope to get of the unit?”

The question then arises of “How does the categorisation of students inform me as an educator?”  Simply it implies that there are different learning styles that we as educators must accommodate in this unit.  Traditionally, this could not be achieved as the internal students were the primary focus of unit development.  The external students were then supplied with a hard copy of the internals teaching materials.

With the internet all this can now change.  There is the potential to utilise the online environment to generate a student's sense of belonging within a group and thus build a virtual classroom. However, to be effective the unit's learning activities must be organised in such a way as to promote the use of the online technologies, encouraging participation and rewarding students for their participation. 

According to Marzano, it is imperative that the teacher/lecturer set the stage for learning by paying attention to student attitudes and perceptions that affect the learning climate and classroom tasks because it is only when students have positive attitudes and perceptions that proficient learning will occur.  Marzano discusses two types of attitudes and perceptions which affect learners' mental climate and they include a sense of acceptance and a sense of comfort and order.

Student's perceptions of acceptance by their peers and by the lecturer are determined in the traditional classroom by such little acts that the teacher engages in, for instance, making eye contact with each student in the class, knowing students by their first names, physically moving around the room and staying close to students and dignifying responses by acknowledging the correct aspects of answers.  Although these aspects may seem trivial, they send powerful messages to students about the degree of acceptance of them by their lecturer.  For students, this feeling of acceptance by the teacher and their peers constitutes an important aspect of a positive learning climate.

By assigning a reward for participation in an assignment students can see an immediate benefit for participating in the virtual classroom. Once involved in the virtual classroom students then start to share experiences and create rapport  with other students.  This serves two purposes.  The first is that external students feel less isolated and more like active participators within the unit and gives them the opportunity to share their life experience.  The internal students while not suffering the isolation of external students get the benefit of interacting with more mature and experienced students.

This creates a cyclic feedback loop.  That is externals are able to feed internals with experience while internals can feed externals with their experiences in lectures.  The net effect is a virtual support group were all students can go and participate freely and without fear of feeling stupid. 

Consequently all the programming assignments have a communication component.  The communication component is constructed as follows.  All students are broken up into private work groups of approximately 20 students.  These work groups serve as the forum where students of the group can post questions and answers re the difficulties of the assignment.  For participating in their private groups students are rewarded with a grade of 1% toward their overall final grade.

In terms of putting the theories of constructive learning that we have discussed, we are endeavouring to provide support for social learning through the use of forums and email to promote a virtual learning community so that students can interact with other students and with their lecturer for the purposes of learning.

The reward of marks for participation in the virtual classroom can only be effective if students consider that there is some other gain to be made from participation.  In addition to motivating the students to come online with a mark, students should find the discussion interesting, feel that it is safe to contribute and that they are worthwhile contributors to the discussion.  To make the discussion interesting and worthwhile requires effort on the teacher's behalf.  The lecturer lets his students know early in the unit what they are responsible for learning.  The bulletin board must be monitored regularly by the teacher.  The teacher must contribute to the discussion by responding to students' postings with reassuring responses and prompts for more discussion.

The provision of guidance and feedback is being done by the lecturer in the public forum so that all students can benefit.  This presence of the teacher reassures students that someone in authority is caring about the discussion and creates the safe environment.

A virtual classroom example

In order for the virtual classroom to be effective requires the crossing of two hurdles.  The first hurdle is the effective and efficient use of the technology and the second hurdle is to assist learners to overcome the fear of participation in an environment in which there is no physical contact.  It was with these two hurdles in mind that the first assignment was designed.

The first assignment set for the first year learners consisted of two parts.  The first part of the assignment required students to simply log onto the bulletin board and post a short message introducing themselves.  On completion of the first part of the assignment students were then given a topic to discuss on the bulletin board.  The question to be discussed was: 

“What do you consider to be the ethics of a computing professional?”

The question in the assignment is an open ended question in the hope that discussion would be prompted.

The objective of this assignment was two fold.  Firstly it was necessary for the students to become familiar with the technology and this is best achieved by setting a specific task for students to accomplish hence the first part of the assignment which required students to post some biographical details of themselves in the public forum on the bulletin board.  Secondly, it is important for the students to begin considering the consequences of their actions as budding computing professionals.  Students must begin early on in their career that their actions will affect others and that often the decisions that are made as a professional are not made in which all is black and white.

The participation of the students in the first was beyond expectations.  With approximately 300 students participating there were over 2000 postings on the bulletin board.   This gives an average of about 6 postings per student for the first assignment.  

The discussion itself was wide and varied.  However, it could be said that a majority of students had a common view on what they considered to be computer ethics while a small minority actually dissented from that view.  It was due to these two groups that stimulated and motivated the discussion.

Of the responses it was the mature age students that had more variance in their posting.  These students were more confident in what they wanted to say and did not become put off by someone opposing their view.  Rather they would argue the point.

The internal students tended to be more sedate in their postings and produce an answer that they expected the teacher to think was a good one rather than how they actually felt about the issue.  In general the discussion was pedagogically sound with the students achieving a heightened awareness of what the ethics of a computing professional are.   

In personal communications with some of the internal students they communicated to the lecturer that they felt at times intimidated by the more mature students' responses on the bulletin board.  This was due to the mature age students' confidence and aggressiveness in their postings. Making the internal students feel less intimidated and interacting in a beneficial way with the mature age students in the class is a challenge for the lecturer during the course of the semester.

In addition there were other benefits students achieved by doing the first assignment online.  Students are beginning to develop relationships with other students and are also improving their communication skills.  Together this helps build an ongoing virtual learning environment where students can post questions and discuss content issues of the unit freely.  These interactive learning instances can enhance traditional modes of study.
Towards the Brave New World

David Miron who is the unit coordinator for this introductory computer science unit is one of the early adopters of online learning and teaching with WebCT in the University of New England community.  This is his second semester teaching with WebCT.  From his experience with the use of online technologies we may adduce that electronic communication has the potential to further promote good teaching by enhancing and extending the conversation that goes on in the physical classroom.  The challenge for the online lecturer is how to communicate with students in different ways, at different times and for different purposes so that students can actively participate in the community of learning of the subject.

It is important to keep in mind that the use of the online technologies is to meet students' learning needs rather than merely because the lecturer likes technology and uses the technology just as another "chalk and talk, minus the chalk dust" approach.  In other words, the lecturer has a changed role from that of the sage on stage to the guide by the side.  The challenge for the lecturer is how to use the new media spaces created by these space and time merging technologies to increase opportunities for a diverse group of students to reflect on the important issues in the content of the class and assume increased responsibility for their own learning rather than simply generating a frenzy of increased activity for both lecturer and students.

As Tom Creed points out, technology can amplify bad pedagogy if adopted hastily and merely layered atop an existing unit.  The instructional and learning goals should determine whether the lecturer adopts these online technologies  Therefore the effective and satisfactory use of technology in learning and teaching requires that both lecturer and students have a good understanding of how and why the technology is used for this unit.  We therefore, reiterate that we are charged to use the technologies to challenge students to think more deeply about the subject matter they are learning, to foster our student's engagement with the content with heightened interaction with their teacher and their peers, resulting in the students' thinking more seriously about the social and political ramifications of the content they are learning, and to be able to apply what they learn in the unit to new situations
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