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Abstract

Professional skills are increasingly important for graduates of professional programmes. Programmes that are traditionally delivered through lectures, tutorials and exams do not necessarily furnish students with these skills. 

Enquiry-Based Learning (EBL) is a supported, collaborative, student-centred approach to learning that allows students to follow their guided enquiry into discipline knowledge, whilst developing and practising these professional skills. 

This paper describes the use of EBL in three diverse, professional programmes in the Schools of Pharmacy, Electrical and Electronic Engineering and Computer Science. 

The outcomes of these three instances of EBL have been evaluated through a process of integrative evaluation, in which the perspectives of students, staff and the course leader have been triangulated. This paper synthesises the results of these evaluations, focusing on whether the students’ professional skills have been developed. 

Introduction

Increasingly, professional skills are perceived to be an essential component of ‘Graduateness’. This is especially true of professional degrees, which provide a gateway to professional practice and are accredited by professional societies. The requirements of professional skills are evident in their accreditation requirements, for example, the Royal Pharmaceutical Society of Great Britain (RPSGB) [1], the UK Standard for Professional Engineering Competence (UK-SPEC) [2], the Institution for Engineering and Technology (IET), and the British Computer Society (BCS) [3]. The requirements for these skills are reinforced in the Quality Assurance Agency’s (QAA) subject benchmarking statements [4]. 

The professional skills required include: determining lines of enquiry, collaborative team working, project planning and management, communication, presentation and leadership. In addition, motivation towards life-long learning and information skills are seen as essential, ensuring that individuals are able to stay up-to-date with the rapidly changing knowledge-base, standards and legislation of that profession and are hence essential prerequisites for Continued Professional Development (CPD). 

Research shows that graduates are frequently deficient in these skills and suggests that traditional teaching methods of lecturing and exams do not necessarily prepare students for entry into the professions [5-7].

Enquiry-Based Learning (EBL) [8] is a supported, collaborative, student-centred approach to learning that puts students’ individual enquiry at the heart of the learning process. The students follow their guided enquiry into discipline knowledge, whilst developing and practising these professional skills in a process integrated with their core subject learning. 

The University of Manchester hosts one of the 74 HEFCE’s (Higher Education Funding Council for England) funded Centres for Excellence in Teaching and Learning (CETLs), namely the Centre for Excellence in Enquiry-Based Learning (CEEBL) [10]. CEEBL’s role is to support the development of EBL across the Institution. The examples used in this paper form part of CEEBL’s activities.

This paper describes the use of EBL in three professional programmes in the Schools of Pharmacy, Electrical and Electronic Engineering and Computer Science. The outcomes of these three instances of EBL have been evaluated through a process of integrative evaluation [10]. The results of these evaluations will be synthesised, focusing on whether the students’ professional skills have been developed.

Case Studies

Each of the Schools has taken the principles of EBL and adopted them to varying extents, adapting them to differing models, according to their discipline and culture. 

These examples, as well as representing a range of subjects, one being related to medical sciences and the other two being related the engineering, represent differing degrees of importance of accreditation. Accreditation is required to practise Pharmacy by the RSPGB, for Electrical Engineering it is highly desirable for career advancement and in Computer Science it is seen as optional. Electrical Engineering and Computer Science are closely related. The Engineering Council UK licenses their professional bodies, the IET and the BCS, to accredit courses, and hence both recognise UK-SPEC [2]. Pharmacy represents a more independent example of a professional degree. 

Pharmacy

This core 10-credit module is run in the second semester of the first year. The module aims to encourage integration of knowledge within the multi-disciplinary pharmacy degree, leading to appreciation of the importance that chemical properties have on the action of medicines [11]. Approximately 185 students are organised into 30 groups of 5-8, each facilitated by a member of staff. Over the semester two one-hour tutorials are held with the facilitator to provide guidance. The groups were expected to arrange their own meetings to progress the tasks throughout the semester. This activity is also supported by a number of optional subject specialist question sessions, in medical chemistry, pharmacy practice and drug distribution, to ensure that teams were guided to the appropriate literature. 

To orientate the students to the aims and expectations of EBL, a two-hour workshop was provided. This also gave students an opportunity to work with their group for the first time. 

The EBL task was broken down into a number of prescribed stages with goals and deadlines linked to the assessment. This provided a structure for the students to develop their time management skills within and ensured clear expectations of the outputs during the EBL task. These stages and associated assessments were: 

· An e-mail communication of the selected therapeutic area, associated medicines and group structure (5%);

· A brief report on their selected therapeutic area (15%); 

· A list of key generic chemical properties with a statement to rationalise their importance to the efficacy of the medicines (10%);

· Retrieval of the chemical properties for their chosen medicines;

· Appreciation of how the chemical properties of these medicines relate to their pharmacological effects;

· These last two stages were assessed together through a group report (40%) and a group poster (2006) or oral presentation (2007) (20%), which also provides an opportunity for groups to share their learning with other groups;

· Individual contributions to the team were assessed through statements made by other team members (10%). 

Electrical and Electronic Engineering

This single-credit activity has been accommodated into the first semester of the second-year tutorial system [12]. It is designed to prepare students for a 10-credit team project in the second semester. It provides an opportunity for students to develop and practise their team and project skills in the supportive environment of the tutorial prior to employing them in the higher stakes environment of the team project. It was anticipated that they would be able to engage with the team-project more effectively and earlier after this preparation. Consequently, this activity was modelled very much on the team-project, reflecting its subject matter, some of the technical aspects and its assessment, but the level of activity was proportionately smaller. 

Approximately 145 students were divided into 29 tutorial groups of 4-6, each facilitated by a member of staff. The groups met fortnightly with their tutor, to report their progress on the previous stage of the project and to plan the next. In the first year of delivery the stages of the project were delivered very much as discrete but connected problems. In the second year of its delivery, the stages were integrated into a single over-arching problem, to make the project planning aspect of the activity more authentic. 

The underlying scenario remained the same for both deliveries: to design a sensor system, based on the microprocessor controller board that they would use in the team project, to capture the temperature profile of a commercial, decorative tile kiln. This was seen as a suitably authentic task that employed electronic engineering in the context of providing a service to another industrial process.

The anticipated stages in the second delivery were:

· Project Planning: given the initial problem, the groups were to plan how they would address it and produce a project plan for the semester;

· Choose a Sensor: researching temperature sensors and selecting an appropriate sensor for the application;

· Design a Circuit: a signal conditioning circuit is required to interface the temperature sensor to the microprocessor controller board;

· Practical Implementations: the layout of their circuit should be planned.  Students are also invited to consider wider practical considerations related to the harsh environment.

· Group Presentation: finally, students were asked to present their solution to the project and describe what they had learnt about the group processes with which they have been engaged.

Each stage maps to approximately a fortnight’s activity. 

The skills involved in this activity were supported by a series of lectures and student guides, specifically covering teamwork, project planning, searching for information and group presentation. In the second year of delivery the teamwork lecture was replaced with a workshop.

The assessment for this activity is principally formative, to illustrate how students would perform in the team-project. It is consequently based on assessment used in the team project. At each tutorial the facilitator allocates a mark on a Likert scale (0-Absent to 5‑Excellent) for individual contribution. A team project mark is allocated for the presentation. An individual mark is calculated from weighting the project mark with the individual contributions. This allows the individual mark to vary up to 50% above or below the team project mark. In the second year of delivery an individual reflective report on teamwork was added, this represented half of the individual contribution.

Computer Science

This core 20-credit module represents one sixth of the first year experience. Lasting the full academic year, the module is designed to build the professional, academic and personal skills of the students. Approximately 150 students are organised into 25 groups of 6 and each facilitated by a member of staff. The student groups meet weekly for a one-hour tutorial with their facilitator and are expected to meet at other times during the week. The aims of the module are based on ‘the four I’s’: innovation, independence, interaction and intellectual development. The environment is one of self-directed learning in which the student groups are expected to set their own goals and are encouraged to be creative. The final deliverable of the module is a database driven web application, defined, designed, built and marketed by the group. The module is organised in 5 phases of increasing timescale, complexity and proximity to the subject, as shown in figure 1 below.
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Figure 1: The phases of the first year project module in Computer Science

The induction (phase 0) introduces the students to the learning activities of the module and staff and student expectations are established. The groups are formed and each group identifies its combined skills and establishes its own ground rules for the rest of the year. In phase 1 (2 weeks), the students are introduced to the concept of patents during the first meeting, and, between tutorials, prepare for a debate in the second tutorial. Phase 2 (3 weeks) allows the students to study ethics in a computing context and to determine their own ethical framework for their application, drawn from a study of the literature on ethical frameworks. Phase 3 (6 weeks) consists of two major tasks. The first is to find out what the Web is and how it works. This involves extensive information gathering and discussions with the facilitator. The second task is to decide on an area and scope for the application they intend to build in the rest of the time available. They are required to outline their application in a group presentation and a poster, including an outline project management plan for the design and build phase. Following phase 4 (12 weeks), the students demonstrate a working web application, give a presentation and produce a group report on the design process as well as the technical content of the product. Each student presents an individual reflective essay. The students are supported through the use of the Moodle virtual learning environment (VLE), and record progress and group decisions on a group WIKI.

Evaluation

The outcomes of these three instances of EBL have been evaluated through a process of integrative evaluation [10], which combines responses from surveys, questionnaires, observations, discussions with staff and student focus groups to provide insight on the student experience. The evaluations have been tailored for the contexts of the Schools and aims of EBL initiatives. The perspectives of students, staff and the module or programme leader have been triangulated. 

Pharmacy

Method

The main evaluation method was a questionnaire issued to the students towards the end of the semester that contained 14 questions, using a 4 point Likert scale (4-Good to 1-Poor) on topics including: team-working, generic skills, specific chemical skills and student support. Students were also invited to provide comments on EBL activity in general and specifically on any low scores given. In addition the course leader provided verbal feedback to a member of each of the groups at each stage of the assessment. This was taken as an opportunity to gauge the students’ reactions to the EBL activity.

Student

All 185 students were provided with the questionnaire and 124 were returned (65%). Results show that the students felt that they were working as effective teams, having regular meetings and attaining deadlines, whilst developing communication, data retrieval and IT skills.

A representative comment on skills development is:

“The EBL exercise enabled us to build on our team work skills and work together on a project that enabled us to learn information that is relevant to pharmacy”

There were some issues however associated with teamwork that led to varying experiences. These issues were associated with the group sizes being too large, leadership skills and more commonly freeloaders. 

The following quotation sums up both these themes whilst demonstrating that the EBL activity was demanding:

“On the whole, I have enjoyed this exercise, but feel that I was able to enjoy it because I was in a good group. I think if I was in a group that did not commit as much as I did then it would have been a negative experience. Also, I think this exercise has been very time consuming and stressful at times but it has had a very positive effect on me as it has improved my interpersonal skills.”    

Staff 

This activity relied less on individual members of staff as facilitators, consequently, staff perceptions did not make up a discrete strand to this evaluation. However, the general feeling was that it provided a more interactive way of teaching where staff were able to support their students and get to know them better.

Course Leader

During a structured interview with the course leader she expressed that the EBL activity had been very successful in integrating chemical knowledge and pharmaceutical practice, which was the principle aim of the activity. The overall impression was that the students were enthusiastic about the exercise and were enjoying the process.  She was also confident that team-working, communication and other professional skills were being developed by the students. An additional positive effect was that it provided first-year students with an opportunity to work with each other and hence provide opportunities for informal peer-support networks to form. 

Electrical Engineering

Method

A range of evaluation methods was used during both years of delivery, including confidence logs, questionnaires and direct observation. Focus groups were used in the first year and analysis of reflective reports was used in the second. Feedback was also solicited from tutors at various stages. The Second Year Tutor was also formally interviewed.

Student

Logs of the students’ confidence against learning outcomes were collected both before and after the EBL activity. This questionnaire included items on: team-working; problem definition and solving; project planning and management; self-directed learning; communication; information searching; presentation and giving feedback. The response rate was low (29%-38%). An average increase in confidence in all skills was observed (0.08 to 0.67, on a 5 point Likert scale), with the single exception of presentation skills in 2006 (-0.13). However, this is more likely to be due to the second confidence log being recorded immediately before the group presentation rather than lack of skill development. Combining the responses from both years for an independent comparison: project planning and management, and problem definition and solving, were significant.

Responding to the open question about what they had learned from the EBL activity, popular responses were: teamwork; project work; presentation; problem solving and research. 

The reflective reports focused on teamwork and many emphasised that it was the first time that they had worked in a team where they were collectively responsible for a team product and hence it was a valuable experience.

It should be noted that students were critical about the amount of credit awarded and conversely some students felt that the problem was not sufficiently complex.

Staff

Staff reaction to this initiative was mixed. Most of the staff were supportive of the initiative and all recognised the value of the team-working, project work and presentation aspects. Some members of staff reflected student concern with the level of credit and complexity of the problem. Several commented on how their group made a good job of the project despite the lack of reward.

Course Leader

The Second-Year Tutor, who was also a second-year personal tutor and supervisor in the team project, was interviewed. He reported that from his personal experience, the team-project groups were definitely a lot more prepared to engage in the team-project and understood the issues of teamwork and self-directed project work at a much earlier stage in the project. He felt that the students were developing and practising project and communication skills. 

Computer Science

Method

A range of evaluation methods was used during the first year of presentation of the module (2006-7). These included an online student survey during phase 3, student focus groups and analysis of the student assessments and reflective essays. Staff evaluation was conducted through a number of focus group meetings and structured interviews with the two project leaders. Direct observations of tutorial sessions were also carried out by the evaluator.

Students

Many students had great difficulty composing their reflections. They were unfocussed, not really reflective, but descriptive. However, by the end of the year, some did provide evidence that they were beginning to think reflectively and to appreciate the benefits of doing so. Most students were able to identify both the strengths and weaknesses of the group processes, their own contributions to the group and the effects of their behaviour on the work and achievements of the group. The online survey indicated that most students recognised the opportunities that they were being given to develop their academic, research, professional, interpersonal and personal skills, but recorded that they felt they were only beginning to see improvements in these skills. A key outcome of the focus group meetings was that students were beginning to appreciate teamwork, leadership and interpersonal skills. One student said he was astounded when his tutor mentioned that he’d emerged as the group leader – he said he’d never thought of himself as a leader, and he felt quite ‘chuffed’ that he was thought of in this way.  He would be more confident in taking lead roles in future. The following brief conversation between two students typifies this.

“Before I came to uni, I didn’t like to join in discussions. I didn’t have any of those whatchacallits…those things…”

“You mean interpersonal skills?”

“Yea, those. I’m still not sure I enjoy joining in, but I am more confident. At least I am here talking to you…”

Staff

In focus group meetings, staff reported varying levels of effectiveness with their groups. Some groups worked well, others not so. In several cases, there were clashes and arguments at times, although in general the students worked through these difficulties and learned from them. In other cases, no natural leader emerged (or two leaders clashed). All staff reported a high degree of satisfaction with the students’ presentational skills. Several agreed that the presentations were, on average, better than the final year student presentations that they were used to and that the applications were much more ambitious than had been anticipated. The following quotes demonstrate this feeling.

“I found it extremely difficult to give marks to the presentations, because they were just so much better than I expected – they were far better than the final year student presentations”

“I was worried that the applications were much too ambitious, and thought we would have to ‘manage down’ the student expectations, but then they just did it…”

Course leader

During the structured interview, the course leader reported that he felt the students had enjoyed a positive experience, and although some students felt initially intimidated, most enjoyed it. Often the students were baffled by what they were trying to achieve, but were keen to solve problems themselves. They enjoyed working on a big project and this caused them to ‘raise their own standards’. They wanted to make a good product and took responsibility for the quality of the group output. Groups were in general imaginative and risk-taking. He finished by saying that “this is all new”.

In regard to the development of professional skills, perhaps the most telling comment came from the course leader.

“This is the closest they will get to work experience without actually getting work experience”

Discussion and Conclusions

This paper shows EBL has been used to develop the professional skills in undergraduate students in three professional programmes. Despite differences in the professions and programmes, requisite professional skills are shared and EBL provides a generic approach to integrate these skills into the curriculum.

In all cases experiences of teamwork seem to be the most varied. Some students enjoy the social support aspect of working with other students and find the process beneficial and enjoyable. Other students became disillusioned with other members of the team not pulling their weight and feel the stress of taking up the extra work in these cases.

It should also be noted that both staff and students recognised that they were only in the process of developing some of these skills, particularly the team-working and project management skills. In some cases, it was a major learning point that it was these aspects of the EBL activity that had caused most difficulty not specific technical aspects as they had anticipated. This argues for more and repeated exposure to EBL to provided opportunities to refine and develop these skills. 

The products of the EBL activities have been to a high standard, often surpassing staff expectations. The motivation of providing students with the responsibility and ownership of developing a product of their own research is an important component of the EBL process.
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