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Abstract

There is awareness of difficulties that students encounter in learning particular computer science  subjects. Our experience at Heriot-Watt has shown that students encounter difficulties with the Unified Modelling Language (UML). This paper presents the need for education-based research to a examine the difficulties encountered by students learning and applying the UML, and to examine possible solutions to these difficulties. Although the teaching of UML has become the catalyst for the proposed work, we perceive that the general problem concerns difficulties students encounter developing problem solving and modelling skills. There is a relationship here with existing research into problems students experience with learning programming skills. This paper outlines the difficulties concerning the learning of modelling skills and also a method to approach education-based research experiments to explore this problem. The work aims to provide much needed input to education-based research concerning the difficulties in teaching students what are essentially modelling skills.
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1. Introduction

The UML is claimed to be a significant contribution to the world of computing and IT. The Object Management Group (OMG) have described the UML as "a language for visualizing, specifying, constructing and documenting the artifacts of software systems. It is a general-purpose modelling language that can be used with all major object and component methods and applied to all application domains". The importance of the notation is shared by academia and industry - the latter is reflected in job advertisements, as well being a rich area for consultancy. The OMG description makes UML sound like the solution to all of our problems, which it most certainly is not. It is, however, a notation aiming to enhance and improve communication between people through the development of models. Such communication is a key human activity, and is something that we need to continually strive to improve in students who will become future computing professionals. As such, the UML (or its successor) will always have a place in computer science or Information Technology curricula.

Experience at Heriot-Watt has shown that students encounter difficulties learning and applying the UML. These difficulties can lead to inefficiencies in projects, errors in implementation and general frustration on the part of the student. This frustration may ultimately lead to the abandonment of UML in favor of more ad-hoc methods of description. The concern here is not the success or failure of the UML notation per se - it is the implication for the development of the students' analytical and modelling skills. There is a connection to be made here with difficulties students encounter learning programming skills. This is a point we will return to later in this paper.

The following section provides some background into the UML and education based research. This leads us to consider an approach to research effective means of teaching of the UML. A framework to support education-based experiments is outlined. The paper concludes with a summary and discussion of relevance of the proposed research.
2. Background

2.1 The Unified Modeling Language

The UML was developed in 1995 by Grady Booch, Ivar Jacobson, and Jim Rumbaugh at Rational Corporation, with contributions from other leading methodologists, software vendors, and users. The Rational Corporation chose to develop UML as a standard through the OMG. The resulting co-operative effort with numerous companies led to a specification adopted by the OMG in 1997. While its initial focus concerned modelling of software systems, the UML is increasingly used to model a broad range of systems (software systems, hardware systems, databases, real-time systems and real-world organisations). By sharing a common notation across system and business boundaries, the business and system analysts can better communicate requirements, with the result that we can move ever closer to being able to build a system that truly solves the customers' problems (OMG (2001), Stevens and Pooley (2001)).

The following provides a summary of key research associated with the UML broken down into four broad areas:

· Application Domains: Whilst initially concerned with supporting modelling in connection with software engineering efforts, the UML has been successfully applied to other domains such as business modelling (Eriksson and Penker (2000)) and performance modelling (Thomas et. al (2000).

· Extensions to notation: Extensions to the notation set are suggested by numerous areas of research, for example Suzuki and Yamamoto (1999a, 1999b). These are often associated with a move into a new domain, for example extensions suggested for business modelling needs by Eriksson and Penker (2000). Other areas of work proposing extensions concern exchange of model information, for example the work of Damm et. al. (2000b).

· Working Practice: This examines how people carry out modelling activities, often resulting in tools and methodologies/processes to support the work effort. A key example concerns work reported by Damm et. al. (2000a, 2000c) in development and application of the Knight electronic whiteboard system to support collaborative modelling efforts.

· UML Standard Development: The UML is a living notation. It is continually changing as a developing standard through the OMG. Many of the issues that arise in the previous areas of research may eventually find their way into future versions of the UML standard. The OMG also actively encourage input in the standards development through a number of specific Requests For Proposals (RFP).

2.2  Teaching and Learning

The fact that teachers teach and students subsequently learn is often taken for granted - but there is an increasing realization that there are factors that can affect the successful learning outcome. For example, the benefit to be gained by the adoption of different teaching techniques, according to the nature of the students and the material being taught. Students have different needs and abilities; what works well for one group may not necessarily work well for another.

Previous education based research has explored student learning difficulties, leading to the proposal of different theories of student learning. Most notable amongst these is the conversational framework proposed by Laurillard (2001). Increasingly, there is work concerning how student learning is affected by the changing teaching environment and the introduction of technologies specifically to support teaching and learning. This is the subject of internal reports (Wilcox (2002)), as well as wider published material (Brown (2002), Graham et.al. (2001), Smith (2002) and David et.al. (2001)). Specifically, much research into computer science education has focussed on the teaching of computer programming. This has been a particularly important topic in recent years with many HE establishments moving to the Java programming language prompting a shift into the object-oriented paradigm (Jenkins (2001), Duke et.al (2000), Jenkins et.al (2001) and Soloway (1986)). 

Our experience at Heriot-Watt leads us to consider the nature of students who encounter difficulties with programming. The indications are that the actual programming itself is a minor problem (i.e. understanding language syntax and constructs). The primary problem students encounter, sooner or later in their programming studies, concerns their ability to understand a problem and to break it down. The problem encountered therefore concerns their analytical or modelling skills rather than programming. If students do not develop these skills, and adopt techniques that may help them, then this will likely become manifest as a problem with programming. There is some established research exploring the concept of teaching modelling and problem solving skills, for example Kaasbøll (1998) and Soloway (1986), though there is little reported by way of experimental research that may suggest solutions. Teaching people to think is necessarily difficult as a specific activity - it is too intangible - we mostly expect students to develop this skill themselves through exercises that we develop in specific subjects such as programming.

A related range of work has been published which discusses the difficulties with research that examines problems of student learning. Much of this work focuses on the experiences of teaching. There is less research proposing and reporting on experiments to test and further develop teaching practices. The lack of such empirical research in education is an acknowledged problem, this has been specifically highlighted by Haynie (1998). Research involving educational experiments using human subjects is necessarily subject to some risk of error. This should not, however, prevent people from conducting such research - it is merely a matter of adequate risk management. Existing work into suitable research methods and experiment design, for example by Carbone (1998) and Austing et.al. (1977), is relevant to the research proposed in this paper. It is vital to learn from this work, and design experiments such that the most serious risks are handled, whilst accepting that some risk is inevitable.

Little evidence has been found of educational research specifically addressing the UML. This paper introduces work that aims to begin to fill this gap. The problem of understanding UML to be addressed here concerns how newcomers learn the UML. Specifically, we can identify a number of research questions:

· Q1: How does the student make connections among the different types of diagrams in UML?

· Q2: How does a student decide upon the type of UML diagram(s) to apply?

· Q3: How does the students background experience affect their learning of UML?

· Q4: How does the teaching technique/strategy affect the student learning?

· Q5: How does practical experience support/affect the student learning?

· Q6: How does the teaching content affect the student learning?

The final item in the above question set relates to the match between the set learning outcomes, the expectations and needs of the student. There are a variety of factors that we can begin to examine. The proposed research aims to focus on two initial (yet still broad) factors. These concern the teaching strategy/techniques and the category of students. The following section discusses the proposed research methodology. This will elaborate further 

on the meaning of these two factors. The teachers themselves present an important factor in the individual learning experience. The sheer personality of an individual can provide extra motivation or personal insight that will add to the students learning experience. Such factors are difficult to quantify, as highlighted by Haynie (1998) and Carbone (1998), and it is not intended that this factor will be specifically addressed in the research work. It is interesting, though outside the scope of this particular paper and the proposed research, to consider the relevance of the teacher in the current climate where many universities are moving to support teaching in a flexible/distance environment.
3. Research Methodology

The methodology will draw on experience of previous education research (Carbone (1998)), and will involve both surveys and experimentation. There will be an initial survey of both teachers and students. Teachers in both HE and industry will be identified and surveyed to establish current best practice. This will enable us to put the work at Heriot-Watt in context. A sample has already been identified in both academia and industry. As broad a 

range of educators as possible will be surveyed, including the activities of the UML trainers connected with the OMG and further development of the UML since they are perceived to be at the cutting edge of the notation development. The survey of students will enable us to clarify appropriate student categories and discover their view of teaching practices. Here, we will exclusively make use of the student body at Heriot-Watt. There are three different student groups accessible at Heriot-Watt, and the project will draw on them all:

· Undergraduates students 

· Postgraduate students

· Students from industry

The third group above are a result of our running courses for people already working in the IT industry. Experience with UML teaching over recent years has resulted in our building up a useful contact list of modelling practitioners in industry. The term ‘student’ has particular connotations with HE. For this reason the more general phrasing learner will be adopted for the remainder of this paper.

Based on initial surveys, a matrix will be developed which maps teaching techniques/strategies to learner categories. This initial matrix will be used as 

the basis for experimentation. An outline representation of this matrix is shown in figure 1. The enumerations on the axes are for illustration only, but consider the following possible examples:

Teaching Strategy and Techniques: There are many different teaching techniques and strategies, for example, consider the following:

· T1. Active learning practices (for instance, using problem based learning approaches by getting learners involved in CASE studies).

· T2. Teaching format (use of lecture, tutorial, discussion group).

· T3. Dynamics (getting learners to work in groups or as individuals).

· T4. Use of tools (paper based exercise versus use of some CASE tool?). Existing research has explored the effectiveness of CASE tools. Such tools are seen as supporting design and implementation, but generally offer little in the way of supporting creativity, flexibility and collaboration (Damm et.al. (2000c). The use of CASE tools be a feature of the work proposed.

· T5. Context of teaching - for example, is the approach to teaching UML notation driven, modelling driven or process driven (for example in context of teaching a methodology such as the Rational Unified Process (RUP)).

Learner Category: The degree and nature of difficulty will vary depending on the learner. There are many parameters that we can attribute to the learner, which will affect their learning. Consider the following examples:

· L1. What level of modelling experience does the learner have. Are they a beginner or novice.

· L2. What is the learners' general background. For example, are they from a non object-oriented background and what previous formalisms have they studied.

· L3. What level of personal learning skills does this learner have? For example, does person work well with graphical formalisms?

· L4. What level of personal communication skills does the learner have? For example, do they work and communicate well with other people?
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Figure 1: Example Empty Matrix

The initial survey of learners and UML teachers will be used to provide an initial population of the matrix. This will involve measuring the relative success of techniques against each learner category. For example, consider the populated matrix in figure 2.

The values shown in the matrix in figure 2 are for illustration only - the actual values will be determined by analysis of survey results from both teachers and learners. In figure 2 we assume some grading of match between teaching technique/strategy and learner category, with 5 representing a good match (i.e. suitable technique/strategy for learner category), and 1 representing a poor match. Grades in between may also be used to illustrate degrees of suitability. 
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Figure 2: Example Matrix showing mapping of Teaching Techniques/Strategy to Learner Category

Please note that while the example matrix comprises a range of five teaching techniques/strategies, four learner categories and a suitability scale ranging from 1 to 5 these are for illustration of the matrix concept only. The actual values and ranges to be applied will be determined during the appropriate phase of the project. The matrix will provide the framework to design and plan a series of experiments with learner groups to test out the appropriateness of techniques. The experiments will allow further development and refinement of the matrix. Survey techniques will be also be used to evaluate the outcome of experiments. The primary survey technique will involve questionnaires. The information from these will be supplemented with observation and interviews as appropriate. 

There are existing teaching activities at Heriot-Watt that we may use to provide access to target groups. For example, undergraduate and postgraduate courses, as well as evening courses and special events prepared for industrial groups. However, it may be appropriate to engineer additional specific training events to analyse the effects of specific techniques or tools that we would not otherwise have a chance to explore. These would be offered free to learners in all viable groups. The detail of experiment design will be considered during appropriate phases of the project. This work will help us to identify and explore solutions to the teaching of particular categories of learner. These solutions may be in the form of adaptations to the UML notation, or modification of teaching techniques. A part of this work will also examine the role of CASE tools in the teaching, learning and application of the UML. For example, to consider what tool characteristics and capabilities are beneficial, and which a hindrance.

4. SUMMARY

This paper has highlighted the experience of lecturers at Heriot-Watt that learners encounter a range of difficulties when learning and subsequently 

applying the UML. This relates to difficulties learners encounter with learning analytical and modelling skills.

The need for education-based research to supplement the experiential information being exchanged has been highlighted. The work outlined in this paper is in the early stages, and is currently the subject of an EPSRC grant proposal. Comment and input from other interested parties is welcomed. These might be people who can contribute from their own experiences as a teacher or a learner, or perhaps would just like to learn further from our experience as this work progresses. There are many groups who would be ideal channels for this research, for example, the LTSN, Association of Computing Machinery (ACM) and Uppsala Computer Science Education Research Group (UpCSERG). 

The proposed research includes scope for an annual workshop, which will be a suitable forum for disseminating and promoting this work within the education and computing communities. It is hoped that the workshop will be organised under the structure of the LTSN, as Heriot-Watt is already heavily involved in the LTSN Centre for Information and Computer Sciences as co-ordinators for resource exchange. The LTSN have already established a format for such meetings, for example the one day workshop on teaching computer programming.
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