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Abstract

This paper discusses the design, development and deployment of learning objects in a higher educational setting. The learning objects were used as part of a project to tackle a significant educational problem – the teaching and learning of introductory programming, where there is a well-documented crisis. The paper will address four main issues involved in achieving effective pedagogical innovation. The first issue is the design of learning objects to embody the rich pedagogical techniques that were required to tackle the learning problems in this domain. The second is the role of learning objects in facilitating cooperative work in the team-based development process. The third issue is facilitating course transition in moving from traditional to more innovative pedagogies. The final issue concerns the student use and evaluation of the learning objects. The prime concern is with the role of learning objects as agents for pedagogical change. The results indicate that learning objects can make a marked contribution to the development and use of innovative and effective pedagogical processes and resources.
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Introduction

There is considerable interest in the development and use of learning objects (e.g. see CETIS 2003). However, most of the attention has been directed at technical issues such as standardization. There is limited study of the pedagogical issues involves in developing and using learning objects in real educational settings. This paper reports on the experiences in using learning objects in re-developing a large first-year course. 

The problem tackled was the teaching and learning of introductory programming. There is a significant educational problem in this subject. The abstraction and complexity of the subject matter produce problems even for universities who can attract students with high intake qualifications (Jenkins and Davy 2001, Jenkins 2002). The learning objects were introduced as part of a project to significantly improve success rates. The project involved over 600 students studying introductory programming in Java in two higher education institutions (London Metropolitan University and Bolton Institute).

There is some divergence over the use of the term learning object. There is a coherent interest, however, in the concept of learning objects as basic standalone units of learning organized around one educational objective or goal (Dalziel 2002). The definition given by Polsani (2003) points to this conception:

“A Learning Object is an independent and self-standing unit of learning content that is predisposed to reuse in multiple instructional contexts” (Polsani 2003).

The learning objects developed and used in this project were based on this approach. A number of learning objects were developed to cover basic concepts in programming. Each learning object was organized around one clear learning goal, e.g. understanding the basic loop construct (as implemented in the ‘while’ programming construct) or making a basic decision (as implemented in the 'if' programming construct). A number of html text-based learning objects were developed, and a number of multimedia objects implemented in Flash for easy delivery over the Internet.  There was deliberate redundancy in that students could access information about a ‘difficult’ topic in text or animated multimedia format. The primary purpose of these objects was to contribute to improved student learning of programming.

Learning objects are meant to be used as part of a larger learning environment. A new ‘blend’ was introduced for the modules involved in the project. This blend involved changing the curriculum, improving the course organization, and developing a major new eLearning environment of which the learning objects were a significant part. A central decision was made to produce, as far as possible, common learning materials for four modules (MSc conversion, two BSc courses and HND) across the two institutions. This released the resources for a team-based effort to develop high quality materials for the students. This paper will examine several questions about the pedagogical value of learning objects raised by the project:

· Can learning objects be designed to embody the rich pedagogical techniques that are needed to tackle the educational problem?

· How do learning objects fit into real-life team-based projects operating to tackle urgent educational goals within tight time constraints?

· How do learning objects contribute to course transition – moving a course to newer, potentially better but also riskier pedagogical methods?

· Finally, and as an essential baseline, how did the students evaluate the learning objects?

These issues of design, development, implementation and evaluation cover the main issues in the life cycle of learning object development for institutional use. The paper discusses each of these issues in turn
Design challenges

Laurillard (2002) has pointed to a distinction between what she terms ‘the knowledge engineering’ and the pedagogical design of eLearning. There has been extensive work in the ‘knowledge engineering’ of eLearning standards and specifications by bodies such as the IMS Global learning consortium and ADL.  The specifications of most direct relevance to learning objects concern content packaging (IMS 2001) and learning object metadata (IEEE 2002, Duval 2001). Learning object metadata (LOM) is now an international standard ratified by the IEEE. The ADL SCORM system combines metadata and packaging in a reference model that provides some run-time support (ADL 2003).  However, these ‘knowledge engineering’ advances do not address the issue of how to design pedagogically effective learning objects. They are concerned with the standard packaging (for interchange across systems) and metadata (for resource description and retrieval) that follow the creation of the learning resource. Ultimately, these two approaches are complementary. The focus of this paper, however, is the pedagogical design rather than the knowledge engineering of eLearning. 

There are twin challenges in the design of learning objects. The first is that the learning resource must be constructed to support and enhance re-usability. The second significant challenge is to design learning objects that are pedagogically effective. The focus in this paper is on pedagogical quality. The issue of the structural design of learning objects to embed the properties that underpin reusability has been covered in other papers (Boyle 2003, Bradley, Boyle and Haynes 2003). The key structural design properties argued for in these papers are: cohesion and decoupling (or more accurately minimised coupling). These properties specify that the learning object should deal with one thing and one thing only (cohesion), and have minimal explicit links to other resources (decoupling).  The links that have to be carefully managed, and minimised, are explicit navigational links (e.g. through URLs) and references to content held in other resources. The objects discussed in this paper have been predicated on these structural design features. However, the focus in this discussion is the issue of pedagogical design.

Pedagogical design of the learning objects

Wiley (2003) criticises the prevalent approach to learning objects as carriers of traditional didactic pedagogy. He criticizes the assumptions build into major approaches to learning objects (such as ADL SCORM):
“Disappointingly, while they harmonize well with 1980s learning research, the assumptions of current learning objects approaches frequently contradict recent research on learning” (Wiley 2003, p. 1)

The approach is to use learning objects as containers for the transmission of information. There is a danger of what Freire termed ‘banking education’ where learning objects act as the holders of decontextualized content that supports a passive, didactic transmission model of learning content. This approach may be useful where the goal is low-level training but, Wiley argues, it is unsuitable when deeper or higher-order learning is required.

The approach used in this project was to treat learning objects as ‘micro contexts’ for learning focused on one clear learning goal (Boyle 2002, Boyle and Cook 2002). Micro-contexts consist of content with appropriate interactivity organized around the achievement of an educational goal. The concept of a learning object as a micro-context for learning opens up rich possibilities for interactivity. Given the failure in this domain of traditional transmissive methods, such as textbooks, it was assumed from the beginning that richer pedagogical techniques would have to be built into the learning objects if they were to be pedagogically effective.  Two of the major educational problems with domains such as programming are that the subject matter is both abstract and complex. When these challenges and combined in an environment which is highly failure critical (a semi-colon in the wrong place is enough to fail a program) the learning demands on students, especially weak students, can become overwhelming.

The creation of learning objects, which focus on one clear learning goal at a time, can help tackle the problem of managing complexity. However, this is clearly not sufficient. Tackling the problems inherent in the domain also requires the application of good pedagogical design. It is possible to introduce quite sophisticated pedagogical features in the structure of focused, cohesive learning objects. This review will focus on two examples: the use of visualization to help students build an understanding of the relationship between surface program code and the effect in the computer’s memory; and the use of scaffolding to support users in learning complex (for them) concepts and sequences in code.

Visualization was used in many of the multimedia learning objects. For example, loops were illustrated by using code that moves objects across the screen. The student could step through the code at their own pace and see the results of the code in moving the object across the screen. ‘Card files’ were used to provide a visual illustration of software objects held in Java libraries. These card files were interactive; the student could retrieve particular class cards and interactively explore the structure of the attributes and methods of the class. Interactive visualization was also used to introduce the concepts of arrays, and the relationship between the abstract formal surface code and the impact on a visual representation of the computers memory.

Figures 1 and 2 illustrate the use of visualization to deal with the relationship between surface computer code and operations in the computer’s memory. In Java the name and type of an array has to be declared. This is followed by a line of code that creates the array in the computer’s memory. Figure 1 provides a simple introduction to this idea by an animated shading of the ‘boxes’ reserved in memory followed by a label indicating the array created. This is followed by a screen illustrating how the programming code referring to cells in an array relates to the visualization of the array in memory (Figure 2). The information is introduced in an animated way to increase attractiveness. The screen shot was captured half way through the animation. The animation is controlled by the learner through the ‘Show’ button. The learner can repeat the animation as many times as they wish. The navigation controls for moving through the object are held separately on the navigation bar at the bottom of the window. The separation of navigation from learning actions within screens provides flexibility for different users to move through the learning experience at their own pace and choose their own degree of exploration. Figure 3 completes this sequence by showing how information is stored in the cells in an array. Note that the whole sequence could be treated as one long animation. However, the animation is broken down into discrete steps, with learner control over the actions at each step, to provide maximum flexibility for learners to control the pacing and cognitive loading of the information.

Figure 1: Illustration of relationship between code and computer memory in creating an array
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Figure 2: Accessing cells in an array
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Figure 3: Animated sequence to illustrate the relationship between surface code and effect in the computer’s memory
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These visualization techniques have been used to relate the abstract and the concrete. They are followed by activities for the learners to construct code in carefully supported ways. For example, there is a drag and drop exercise where the learners are provided with lines of code that deal with placing numbers in particular cells in an array. However, the actual values have to be supplied by the learners by dragging the appropriate numbers to the placeholders on the code. 

This is an example on a powerful pedagogical technique – scaffolding. In scaffolding transitional support is provided to learners to help them deal with a task they could not manage on their own. The idea goes back to the classic work of Vygotsky on the zone of proximal development (Vygotsky 1962). The importance of this work in learning has been confirmed by leading psychologists, such as Bruner (1975). Its utility as practical tools in instructional design has been confirmed in many studies (e.g. Linn 1996, Hammond 1995, Rosson, Carroll, and Bellamy 1990, Boyle 1997). Scaffolding might be considered a particularly difficult pedagogical technique for learning objects to utilize, as it is associated with substantive learning tasks. However, learning objects often deal with what is for the learner a complex task. It is a useful pedagogical technique to help learners deal with complexities in understanding and skilled action. Figure 4 illustrates a use of scaffolding used in several of the learning objects. Near the end of the learning object the learner is given a ‘quiz’ to construct programming code. In this case the student is asked to construct the code to create an array. A variety of options is provided for the user. The learner clicks on the option chosen and gets feedback on their choice. In the screen shot in Figure 4 the user has just selected the first line of code correctly and received feedback. This technique requires the user to actively use the knowledge they have gained in a supportive situation. It acts as a scaffold for writing new programming instructions. This acts as a transition to the normal situation where the learner has to write the code in an editor and compile it (which automatically involves adding the extra code required to make it work as a full operational program). This form of scaffolding is a very flexible technique that can be used from one line up to complete blocks of code.
Figure 4: Use of scaffolding in learning a learning object
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To summarise this section, learning objects can provide the focus for intense learner-centred design. The learning object encapsulation is in itself a useful pedagogical technique for critical areas such as programming and mathematics, where students may easily be overwhelmed by the complexity of the subject matter. It offers the potential for much greater control by the student in the learning process. Careful design of the learning objects exploits the possibilities for learner engagement, control and support. There is considerable scope for creativity in the design of these focused ‘micro-contexts’ for learning. This section has illustrated, in particular, the use of visualization and scaffolding.

Development challenges

In developing materials for the programming project a number of problems had to be tackled:

1. the project had to deliver to large number of students across two institutions;

2. there were critical time constraints; the resources had to be delivered to meets the delivery deadlines of the course; 

3. the prime requirement of the project was to have an immediate positive impact on pass rates in programming. The development and use of learning objects had to contribute to this prime requirement. 

Certain strategic decisions were made which underpinned the development process in the project.  It was agreed to use, as far as possible, a common curriculum across the different courses. Instead of a number of lecturers developing course material in parallel for their sole use, a team-based approach was used to develop all the course resources. A major consideration here was to create a critical mass of resources that could be used to develop high quality materials. The course development team consisted of the project leader, four module tutors, and a multimedia developer from the staff support unit. A research fellow was also appointed to conduct an evaluation of the project. 

How did learning objects fit into this team-based course development process? In answering this question it is useful to concentrate on three areas: collaboration within the team; quality control, and delivering pedagogical innovation within with critical time constraints for delivery.

It is useful to distinguish between co-operation and collaboration in the team. There was clear evidence of extensive co-operation in the development of the learning objects. Different tutors would work in parallel on the development of different learning objects, which were placed in the common pool. This was particularly noticeable in the development of ‘compound objects? These are objects that combined more than one basic learning object to create richer pedagogical impact (Boyle 2003). The most usual format was to use text-based (HTML) explanations together with Flash based multimedia objects. As each component object was independent, this enabled different tutors to work in parallel on the text and multimedia objects. This parallel development contributed noticeably to getting learning objects produced under pressing time constraints.

Collaboration requires more than simple co-operation. Two or more people need to contribute to the development of learning objects so as to jointly fashion that object. Collaboration was essential in the development of the multimedia learning objects (e.g. as illustrated in Figures 1 to 4). The tutors worked with the multimedia developer to create these objects. The tutors supplied the domain expertise, and pedagogical input. The developer then constructed the multimedia artefacts based on the specification supplied by the tutor (e.g. in the form of a full or partial storyboard). This process tended to be highly iterative, with a rich two-way flow of communication between the tutor and developer. The small size of the learning objects meant the multimedia developer could work with several different tutors in the development of the project, in a way that was quite manageable.

The iterative process naturally led to peer critique and an informal quality control in the development of the objects. The developer posted interim versions of the learning object on the intranet. This allowed open critique from all members of the team. At the end of the development period the object would be posted up on the intranet for explicit critical examination before it was passed as suitable for student use. This allowed detailed checking of code examples and the pedagogical techniques used. 

The limited scale of the learning objects allowed small controllable ‘life cycles’ to be implemented for each object. This pattern of incrementally creating a number of small independent resources fitted in well with the pressures of developing resources in a real-life academic project. The co-operative parallelism and group quality control fitted naturally into the messy, pressured business of real academic development. It also permitted pedagogical innovation to be implemented in a ‘controlled’ manner. It was possible to persuade the group to go with more innovative objects because the risk associated with each object was smaller. 

To summarize this section, the development of learning objects expressed itself naturally as a series of small life cycles. This pattern fitted in well with the pressures of real team-based course development. It supported collaboration within object life cycles, co-operation across life cycles, and the timely delivery of finished products. 

Managing transition in course delivery

A significant challenge is getting pedagogical innovations in eLearning accepted and used by course tutors. For a large course the risk may be perceived as particularly great, and there is the extra problem of trying to change the direction of a ‘juggernaut’. Collis and Messing (2001) found that:

“instructors are most likely to begin by choosing aspects of a system that reflect their current ways of teaching, and then gradually move to new instructional approaches and new features” (Collis and Messing 2001, p. 24). 

In the project learning objects were introduced as part of a blend that contained several traditional elements. The basic delivery framework of the course was retained. This consisted of lectures followed by programming laboratory sessions. The learning objects were delivered as part of a substantial eLearning innovation in this blend. The eLearning environment was delivered using the Universities’ virtual learning environment: WebCT in the case of both institutions.

The eLearning environment gave access to the Powerpoint slides for each week’s lecture, and information on laboratory exercises and assessment for that week. In addition, the students could access the learning objects developed for that week’ work.  The learning objects were thus used to extend the learning experiences available for the students. The learning objects were kept separate from WebCT, and were loaded on a different server. However, from the students’ point of view they appeared to be part of the WebCT environment. Figure 5 provides a screenshot from the WebCT system for one of the student cohorts. By clicking one of the ‘learning aids’ the student can load that object into WebCT. Figure 6 shows the system with a text object loaded into the main WebCT frame and a further multimedia object loaded in the foreground window.

Figure 5a Screenshot from the WebCT environment before the learning objects are loaded
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Figure 5b Screenshot from the WebCT environment after the learning objects have been loaded
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The learning objects were thus introduced as part of the module blend provided to students. Their role was to augment the learning experience of the students. The aim from the beginning was that this should not be a static blend but one that could evolve over several years. A spiral model of continual course improvement was proposed. The blend could evolve over the years as part of a process of continual innovation and course improvement. The model also fitted with the logistical reality that the team could only implement a certain amount of innovation in any one cycle. The incremental model of improving on the number and quality of the learning objects each year fitted the logistical necessities as well as providing a mechanism for managing course transformation. 

A major aspect of managing ongoing change is to assess, as far as possible, the impact of the elements in the blend. The next section discusses the evaluation of the learning objects, and the lessons drawn from this evaluation.

Student use and evaluation

A number of sources of information have been used in the evaluation of the learning objects. The first source is the overall module results. These results cannot be directly related to the learning objects. However, they provide important backdrop information on the success of the project within which the learning objects were developed and used. The actual use of the objects was tracked using server statistics. This provides information on frequency and patterns of use. A questionnaire was used to elicit the student reactions to the learning objects. This questionnaire was backed up by interview data from a sample of 36 students. Thus provides qualitative information to fill out the information gained from the questionnaire.

Marked improvement were achieved in the pass rates for the four module studied. These raged from a 12 percentage point increase in pass rate for the MSC conversion module, to a 15 point increase for the HND module, and 19 and 23 point increases for the two BSc modules. The project was thus highly successful in its primary aim of improving pass rates in the target modules. This result reflects the impact of the total blend of changes made. It cannot be directly related to the learning objects, but it provides useful background information when considering information on the student use and evaluation of the learning objects.

Full information on all the remaining dimensions was only collected for the students at London Metropolitan University. This data provides the basis for the results given in the paper. Where results were collected at Bolton they tend to follow the same pattern as the London Metropolitan results. The server tracking data provides evidence that the learning objects were used extensively. Over the duration of the Semester, a total of 79,325 page requests for learning aids were made. It also shows us that whilst access peaked at times when lab sessions were held, 8% of pages were accessed at weekends, and 26% were accessed outside the hours of 9a.m. to 6p.m. (i.e. in the evening and early hours of the morning). This gives a clear indication that students are also studying in their own time, at times of their choosing.

The use of the learning objects was particularly concentrated on the crucial first half of the semester. A questionnaire was thus given to the students at the mid-point in the semester asking the students to rate the learning objects and more traditional elements in the modules, such as lectures and the textbook. The questionnaire was completed by 220 students. Table 1 gives the student rating of these elements. 

Table 1 Results from the questionnaire on usefulness of module components

How useful are:
Very useful 
Useful
Not very useful
Useless

Lectures?
37%
48%
13%
  2%

Lab exercises?
42%
44%
13%
  1%

Text book?
18%
38%
27%
18%

Text learning aids?
29%
64%
  8%
  0%

Animation learning aids?
46%
44%
10%
  1%

The ‘animation learning aids’ refers to the multimedia learning objects as, for example, illustrated in Figures 1 to 4. This module component had the highest rating in the ‘very useful’ category. The ‘text learning aids’ refer to the text-based (HTML) explanations provided. These had a noticeably lower rating in the ‘very useful’ category. The combined usefulness rating (column 1 and 2) was very high (93%). The comparison with traditional techniques such as lectures and textbooks is very favorable. As one would expect ‘lab exercises’ continues to be rated highly as this is where the students get the chance to practice constructing programs in the full development environment. The overall evaluation of the learning objects by the student is thus markedly positive.

This evaluation is supported by the informal observation of the students using the learning objects during lab sessions, and by the interview data.  Semi-structured interviews conducted with 36 B.Sc. students half way through the semester. The questions asked students generally about the module and their progress, and some in-depth questions about the learning aids (i.e. the learning objects) and how they were using them. The main aim was to get qualitative feedback and more in-depth views to supplement the data from the questionnaire. 

The qualitative comments from these interviews support the results from the questionnaire. Most of the student comments were positive In fact the proportion of negative comments made about the learning objects was very low. Some of the comments from the students (in their own words) are reproduced here to give a more descriptive view. 

About the usefulness of text-based learning objects generally:

“Good – better than reading a big book. Better on the eye.”

“Very useful – use a lot.”

“Handy – can get them from home.”

“Very useful – no problem understanding it.”

About the usefulness of the animated learning objects generally:

“Good – you can see the code – shows you what’s going on when you press run. Interactive.”

“Really liked. Shows what code does. Really useful.”

“Good – shows step by step the program. Animations help a lot.”

“Very good. Helps you to understand the program and what happens."

About the quizzes built into the learning objects (as illustrated in Figure 4):

“OK – helps you to look closely at the syntax of the code to get the right order.”

“Like. Make sure you’re learning. Self test.”

“Good – reconfirms you know what you’re doing.”

The results thus indicate that the learning aids were extensively used, and that students found them useful and of value to them. These results fit into a wider picture of a project that was very successful in improving student pass rates.

Conclusions

The focus in this paper has been on pedagogical issues in the design, development, delivery and evaluation of learning objects for introductory programming. The learning objects developed were part of a project to deal with a real and urgent educational problem. The paper has argued that rich pedagogical techniques can be built into learning objects. This is predicated on the view of learning objects as micro-contexts with content and associated interactivity organised around the achievement of specific educational goals. This contrasts with the prevalent approach to learning objects as decontextualized content criticised by Wiley (2003). Learning objects, by their nature, need to fit into the development and delivery processes in the educational context. The experience in the project was that the learning object life cycles supported well cooperative and collaborative processes in course development. They also slotted easily into a delivery environment that involved a blend of traditional and new components. The student evaluation of the learning objects was positive within a project that was successful in attaining its primary educational goal.

There are two lines of development for further work. The first concerns ongoing improvements within the present course. Because of limitations on what can be achieved in any one development period, the process of improvement has been conceived a spiral. On the first pass through the spiral (as reported in this paper) major improvements have been implemented and evaluated. It is intended on subsequent passes to continue to improve the course. The nature of learning objects fits well with this incremental, continuous improvement model. Structurally it is easy to add learning objects, or modify and improve present objects. In real terms this means that the present set of objects was strongly focused on the first half of the course, as this was seen as the most critical time for students. On the next pass the learning objects will be extended to provide greater coverage of the second half of the course.

The second proposed line of development is to make the objects available for reuse by other institutions. One of the universities is a partner site in the Learning and Teaching Support Network (LTSN) Centre for the Information and Computer Sciences. This Centre is funded to provide a national service to support teaching and learning in these subject areas in the UK. It is intended to use the objects to seed a general repository of learning objects for introductory programming. This work involves moving to the knowledge engineering phase of packaging the objects and adding the appropriate metadata to support retrieval and reuse. This inter-institutional sharing of learning objects should in turn feed back to provide enhanced learning resources for the original target course.
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