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Abstract: The role of engineering students in the problem based learning (PBL) process and its effects on their approaches to learning will be the main theme for this study. The shift from lecture-based education to problem-based education represents a shift from teacher-centred learning to autonomous learning. This qualitative study will therefore focus on student responses to this shift in emphasis. In the first year of the curriculum change, this research will capture and theorize about student approaches to learning in the PBL curriculum and outcomes as this area has received little attention in engineering PBL curriculum research. This research study will use four types of data collection methods. They are observation, interview, document review and audio-visual material. Apart from this, there will be a group-problem solving task designed by the researcher. First year electrical engineering students and their teachers at an Australian university are being observed. Student participants are also being interviewed. In this paper the aims of the study, the research design and the methodology used will be presented. Some initial findings from the first round of interviews will also be presented.
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Introduction

New knowledge and new ways of doing science enable us to push the boundary of what is possible with our resources and help build solutions to issues in areas such as health, the environment and industrial development (DEST, 2004). 

“It is always dangerous to predict the future of anything” (Clough, 2005). Clough (2005) reported that in 1977, Ken Olsen, founder of Digital Equipment Corporation felt that there was no reason for anyone to have a computer at home. He also reported that in 1998 Bill Gates apparently said, "640 Kb should be enough for anyone”. These men were the experts and innovators in their field and still got it wrong. Because of such uncertainty, it is essential that engineering education become more future oriented rather than just accumulating knowledge from the past. Today, different disciplines are becoming increasingly interwoven and the understanding of engineering as a unique discipline is becoming less distinct (Clough, 2005).

Many of the problems faced by engineers these days include both "hard" (technological) aspects and "soft" (social) aspects. The new skills and perspectives of engineers will extend their broader leadership role as the expectations of the technological world from engineers are higher than in the past (Clough, 2005). To address this trend the engineering curriculum requires major rethinking (Hadgraft, 1993).

An approach that claims to build extended technological and social understandings along with the appropriate use of new technologies to achieve a new style of engineering education is Problem-Based Learning (PBL) (Hadgraft, 1993). Alongside these challenges faced by engineering education is the challenge of developing autonomous learners who can learn effectively for the rest of their lives.

A PBL environment offers a context for development of autonomous learners because of its emphasis on collective and individual learning motivations and decision-making behaviours. The introduction of PBL in engineering education provides the opportunity to study areas such as the development of PBL curriculum structure (Kolmos, 1996), the changing role of students in the PBL process (Mitchell, Smith, & Kenyon, 2005), the changing role of the teacher in the PBL process (Entwistle et al., 2005) the development of appropriate problems (Kolmos, 1996), helping students to identify learning issues (Kolmos, 1996) and the assessment of student learning and the evaluation of the program (Evensen, Salisbury-Glennon, & Glenn, 2001).

For this study, the role of engineering students in the PBL process and its effects on their learning will be the main theme. The shift to PBL represents a shift from teacher-centred to learner-centred education. This study therefore focuses on student responses to this shift in emphasis. In this research study the students’ perception of the engineering PBL curriculum; their responses to it and their learning outcomes will be explored. The aims of the research study and the questions that form the basis of the investigation are presented in the following sections.

Research aims

This research study aims to investigate PBL curriculum from the students’ viewpoint. This study will explore and report on the learning cultures in an Engineering PBL program. It is expected that the learning cultures will reflect the heterogeneity of the students and the different responses of the students to being given more responsibility for learning in this type of engineering curriculum. In the first year of the curriculum change, this study will also examine and report on the achievement of some of the key student learning outcomes in this curriculum, including their capability for innovative thinking in solving engineering problems.

Research questions

RQ 1: What are the learning cultures in problem based engineering curriculum? 

· How do the students approach learning? 

· How do the students control, regulate and direct their learning? 

· How do students from diverse educational, linguistic, ethnic and religious backgrounds participate in the context?
RQ 2: In what ways does PBL promote innovative thinking? 

RQ 3: In what ways does PBL support both cross-disciplinary learning and the building of a strong disciplinary knowledge base? 

Research into student learning in higher education
A major development in research into student learning in higher education originated in Sweden with Marton and Säljo’s study of surface and deep approaches to learning (Biggs, 2003). Ramsden (2003) and Biggs (2003) argue persuasively that teaching is effective when it supports learning activities appropriate to achieving the curriculum objectives, thereby encouraging students to adopt a deep approach to learning. 

A deep learning approach helps students to construct meaning and develop understanding of what they are studying. A focus on the transmission of information, on the other hand, is likely to result in students using a surface approach to learning associated with memorising rather then understanding. Biggs (2003) observes that students whose intention is to achieve only a minimal pass tend to use a surface learning approach. To encourage use of a deep approach, Biggs (2003) advocates an approach to teaching based on principles that he entitles “constructive alignment”, an amalgam of constructivism and alignment. Teaching based on these principles both aligns learning objectives, teaching method and assessment and emphasises a constructivist approach to learning. All aspects of this system are designed to encourage a deep approach to learning (Biggs, 2003).

Constructivism has a long history in cognitive psychology and takes several forms for example individual, social, cognitive and post-modern (Steffe & Gale, 1995). In the constructivist paradigm learning is seen as an active process of constructing and reconstructing knowledge (Ben-Ari, 1998). According to Ben-Ari (1998) knowledge is acquired recursively. He suggests that constructing knowledge must be assisted by guidance from the teacher and feedback from other students. According to constructivist theory (Biggs & Moore, 1993), the best learning outcomes are the result of cognitive and social interactions.

The ultimate aim of professional education is to develop the functioning knowledge of future professionals. This involves the integration of declarative (abstract and conceptual) knowledge “know about” and procedural (specific and pragmatic) knowledge “know how” together with the conditional knowledge “know when and why” required to identify the circumstances for using them in solving problems, designing buildings, planning teaching or performing surgery (Biggs, 2003).

Innovation in Engineering Education
As we look to our future in an increasingly globalised world, innovation remains central to Australia’s prosperity. Science and innovation is now a strategic priority for both the federal and the state governments. We need skilled and motivated people to take on the challenges of creating and developing new ideas (DEST, 2004). Innovative solutions would make us outstanding competitors in a globalised economy. We need to develop expertise based on innovation, to create cutting-edge technological services that offer higher value and may lead the way at the high-end of economic spectrum, (Clough, 2005).

Engineering workplaces demand that professionals possess life long learning skills. Engineers are expected to apply accumulated knowledge to solve complex real life problems, functioning as an individual or as part of a team. Engineering artefacts can have enormous social effects for example, the telephone, the railways and the freeways. Engineers commonly do not reflect critically on social issues; nor are they asked to consider these issues at university. Indeed, universities often design engineering courses that are quite successful in training students with diverse views into a stereotypical technology-oriented one (Hadgraft, 1993). 

Engineering education stands to be marginalized if the education system is passive. The education that we provide to engineers must prepare them to be more than merely fulfilling a technological function (Murray, 2005). It needs to prepare engineers to become leaders in making wise decisions about technology and policies that will foster innovation (Ben-Ari, 1998). 

Problem Based Learning 
At the same time, the student body in Engineering as in other fields is becoming more diverse. Biggs (2003), highlighted this by comparing two students. Student A is a traditional school leaver who starts undergraduate study with a high level of academic involvement and adopts learning by applying, generating, reflecting and theorizing. Student B, on the other hand, is a non-traditional student with a less than positive school experience, who starts undergraduate study by memorizing and note taking, failing to relate what is being taught to their existing knowledge. Student A tends to use higher cognitive level process even if the teaching method is passive (through lectures and assignments). However, Biggs argues that student B can achieve at the level of student A only if an active learning approach such as PBL is adopted. Recent experience indicates that cohorts of students entering Engineering courses include an increasing number of students of type B and courses should adjust accordingly.
Problem Based Learning (PBL) is a learning approach that is most commonly constructed around a series of problems / projects selected by a teacher. Learning in the PBL process can be classified in to three phases. The first phase is encountering a problem or problems. Students identify their learning needs and also establish a co-operative setting, generally with the assistance of a tutor or facilitator in this phase. The second phase is the autonomous or self directed study phase and the last phase is applying newly gained knowledge to the problem, again in a co-operative setting with the help of a facilitator (Perrenet, Bouhuijs, & Smits, 2000). 

The characteristics of PBL include: acquisition of knowledge in a co-operative setting that can be retrieved and used in a professional setting, acquisition of professional reasoning skills to extend and improve one’s own knowledge, acquisition of professional problem solving skills and reflection on one’s own learning. The problem provides an engaging challenge to the student and a focus for the learning process. The learning process includes goal setting, strategy selection and goal evaluation (Entwistle, 2005).

Why use PBL?
Students may retain or use little of what they learn when taught in traditional lecture format (Schmidt 1983). Educators should therefore consider creating conditions that optimize retrieval and appropriate use of the knowledge needed for future professional practice. Activation of prior knowledge, similarity of context in which information is learned and later applied and the opportunity to elaborate on information that is learned during the problem solving process are examples of  the claimed advantages of PBL (Bridges, 1992). These conditions have been shown to reduce forgetting and to facilitate retrieval. Elaboration occurs in discussion with peers, peer teaching, exchanging views and preparing reports on what students have learnt during the problem solving process and how they have learned it. Essentially, PBL encourages deep approaches to learning.

A pilot systematic review and meta-analysis reported that the availability of limited high quality designs from existing reviews is not sufficient to provide solid evidence about the effectiveness of different kinds of PBL used in different contexts with different group of students (Newman, 2005). In his pilot review, he highlights that a number of conceptual, methodological and practical problems needs addressing by those interested in PBL.

It is claimed that PBL is particularly beneficial to the engineering discipline, as it is designed to produce engineers who are technically sound and who also have the generic skills required of today’s professionals. The main professional body for engineers in Australia, Engineers Australia, has defined the graduate attributes that all graduate engineers should possess (Engineers Australia, 2005). According to this all engineering graduates must be effective communicators, mathematically literate, information communication technology (ICT) proficient, creative, with good interpersonal and team working skills, able to improve on their own performance and self learning skills, and have problem solving, project management, and information literacy skills. Most Australian universities have a similar list of core graduate attributes.
Nature of the study
There are many questions regarding the effectiveness of PBL; but two key questions are what do students learn? And how do they respond to the system? There are different perspectives from which these questions can be approached (Nisbet, Entwistle, McQuillin, & Robinson, 2005). These include an institutional perspective with a focus on administrative and resource issues (Bridges, 1992), a teacher’s perspective with a focus on what students learn, changing content and staff development and a student perspective with a focus on dysfunctional groups (Dolmans, Wolfhagen, & Vleuten, 2001), absence in PBL sessions and meetings (Kaufman & Mann, 2001), and reactions to the change in learning system (Cita & Van, 1997).

While there is a considerable literature on PBL, there are relatively few well-designed studies of how students learn in a PBL environment. There are even fewer studies that attempt to build a theory based on student behaviour and learning approaches in PBL (Wiers. R.W, 2002, Schmidt, Henny and De Vries, 1992). Dorothy Evensen, in 2005 conducted research by comparing a group of medical students with traditional lecture based students in medical sciences. Annette Kolmos of Aalborg University has conducted a variety of research projects including reflections on project work and problem-based learning in Danish engineering education (Kolmos, 1996). 

This study will identify how engineering students respond in their first year to a new implementation of a PBL curriculum at an Australian university. In the first year of the curriculum change, this study will capture and theorize about student approaches to learning in the PBL curriculum and their learning outcomes. This research study will use four types of data collection methods. They are observation, interviews, document reviews and audio-visual materials. Apart from this, students will participate in a group-problem solving task designed by the researcher. 
All first year electrical engineering students are being observed and informally interviewed with their permission. Special permission from ten randomly selected students for formal interviews, access to their work samples and participation in the group problem-solving task provides additional data. Teachers who facilitate the meetings of the teams with one or more of the ten randomly selected students are being observed along with other students during these team meetings (formal observations). As students will be given more responsibility for their learning in this type of curriculum, the focus of this study is on observing students, but inevitably also includes consideration of the role of the teacher in facilitating student learning in the problem based learning curriculum. Teachers are therefore observed but they will not be formally interviewed.
In particular, this qualitative study of learners in a problem based engineering context will identify explore and report on the factors that impinge on or encourage student learning behaviour and attitude to become future engineers. Studying the learning cultures from the students’ view point in a diverse student group should provide evidence to further theorize about the models of self-regulation in autonomous learners (Nisbet et al., 2005).
Methodology
This study has commenced and will continue over two semesters in 2006. Both formal and informal observations are included in this study. Formal observations are carried out when the ten randomly selected students participate in the group learning activities under the facilitation of their teachers. Informal or ethnographic observations are carried out in student workspaces throughout the two semesters in 2006. 

The purpose of observation is to study the learning cultures in the PBL context, for example: Who leads the team? How do students communicate with their peers? What ideas are exchanged during such conversations? What is the role of teachers in facilitating student learning in the electrical engineering PBL curriculum? In addition, students are also informally interviewed during and after the informal observation. Some students will be videotaped in their workspaces, at a time agreed to by the participants. 

The main approach used in this study is ethnographic observations. But, semi-structured formal and informal individual interviews and focus group interviews are also conducted to support and complement the data collected using this approach. Interview questions include for example: What is your contribution to the group’s learning? All interviews are audio taped along with notes taken while interviewing the student subjects.
Subject documents available to the students of first year electrical engineering are collected throughout semester I & II 2006. The purpose of collecting the subject documents is to analyse the instructions to students and the expected outcomes listed from the institutional point of view in the curriculum. Student responses to the expected outcomes of the course will be gathered through observation, interview and student work samples.

Student portfolios (work samples) of the ten randomly selected students, which are the main form of assessment used in the course, have been requested from their teachers. These work samples may illustrate the students’ understanding of the expected outcomes of the course such as the cross-disciplinary learning and innovative problem solving capabilities. 

All students who participate in this study will be requested to complete a questionnaire towards the end of semester I, 2006. This questionnaire will include the questions selected from a questionnaire (Gabb & Keating, n.d.). These data will be used to describe the demographic and school experience backgrounds of the participants. They will also be asked to complete the subject evaluation of units (SEU) questionnaire towards the end of Semester I and II. The SEU data will be used to compare the student’s responses about the PBL subject with the findings from data collected through interviews as a means of triangulating these data. 

At the end of semester II 2006, a group problem-solving task prepared specifically for this study will be given to two teams formed out of the ten randomly selected students. The task will be designed such that it could be completed within the length of time of a normal PBL group meeting session. Students will be requested to participate in the activity at a time convenient to them, after the completion of the unit, including all assessment. The purpose of this activity is to gather data about students’ application of generic skills, cross-disciplinary knowledge and skills and innovative thinking that they may have pursued in the first year of their degree course through the PBL. This activity will be videotaped and field notes taken while observing.
Preliminary findings

This paper also presents a preliminary analysis of responses to the focus group interviews conducted with the randomly selected students towards the end of their first semester in the first year of their engineering degree course. At this stage of their course, the students had worked in teams for one subject (equivalent to half course load) over 9 weeks on three problems. The findings presented in this paper focus on the first research question “What are the learning cultures in problem based engineering curriculum?” and its sub question, (b) “How do the students approach learning”? The learning experiences of these students and their participation in the PBL context is summarised in the following paragraphs.
In order to conduct the focus group interview at a time that was convenient for the ten randomly selected students, four separate group interviews were conducted. During the interview the students were asked 12 – 15 semi-structured interview questions. The main focus of these questions was to identify their understanding of PBL, their attitude to learning in a team, their interaction with peers and their contribution to their own as well as to their group’s learning. Some questions focused on the teacher’s contribution as well.
Most of the students reported that the subject delivered in PBL mode was essentially the same as any other subject, but with an advantage of learning things hands on. The issues raised in response to their understanding of PBL ranged widely. Students reported both positive and negative experiences of group learning by the end of their first semester.

“Working in a group and learning from a group you learn from other people strengths and teach other people your strengths.”

“That’s really good. Because, you can observe, [Student] has been great, because he has that work background, things that we would have been lost with out his background. We have been able to go OK. [Student] has been a big help to our group. The down side is you’ve got to have people who can contribute and are willing to contribute to the group. Our group is fairly lucky, that people are way sure about what it means and I think their enthusiasm is very high for all of our group.”
“I like the idea of working in a group. If you don’t know something you can ask people, you know like, if you have a problem that you can’t do it by yourself, you can do it with your group. What I don’t like is, that we don’t get to share information.”

Some of them liked PBL because they enjoyed the freedom and the flexibility of student-centred learning. Their outlook of PBL was very positive; they enjoyed learning actively, exploring a topic, and doing more practical work.
“I think I understand that problem based learning is to do with more freedom when you are studying a certain topic like they don’t give you like guide lines so they give you the problem then what it is, is you can explore every single possibility with that problem.”

“well for me personally, again the idea of I mean, bouncing the idea of multiple people in a group is much more beneficial than just sitting in a lecture and listening to a guy talking, because you can get different opinions from everybody. You can actually work the problem in a way that everybody is happy with. That’s why, I reckon it is much better trying to learn in a group than just sitting in a lecture and listening to a guy talking for an hour or two hours.”

“I like getting, it’s like getting your hands dirty trying to figure out certain aspects ... with problem based learning, when they get you to start you actually can see, how it can relate [to] your profession and basically how it relates to life.”
They were positive about the different role of a student in PBL, and learning generic skills such as: delegating tasks among team members, managing problem solving and learning to meet deadlines. Understanding these processes are important for student learning, participation and contribution in groups (Stroot et al., 1998). Most students appeared to understand these processes.
“You can say it makes you more responsible because, like, with the group, you delegate with the group, what each person is trying to do and it's basically your responsibility to get that information to your group so everyone understands it.”

“With the PBL, the way it is set out it is basically, you are in a group and you have to work together as a group to accomplish the goal or solving the problem, even though if the problem may not be able to be solved, the idea of it is by working together with the team and communicating with the team you can actually manage to like, if you can’t fix the problem, but there might not be a solution to it, so as a group you can discuss that and state the actual conclusion or the actual problem.”

“I don’t exactly know how this works yet. I understand what they say, but I still don’t understand how it works.”
Issues raised by students in terms of their learning experiences in PBL showed that they understand that they can learn both from social interaction within the group and individual’s contribution. 
“I liked the idea of learning in a group, one little thing that I learned in that was, when I was putting everyone’s work together in the report, I had a look and its all pretty good on their area. So yeah, I went over a little bit, learnt a little bit of what they have done. I wouldn’t have explored it if I would have done it individually.”

In spite of this, most of the students expressed concerns about individual accountability to the group. Some students commented that students in their group did little or no work, yet received the same mark as those who did a great deal of work. 
“But what I dislike is, what people didn’t do like, like sometimes you have to tell people what they have to do rather than them just doing it say, you have to go and do this; and they just don’t automatically assume they have to do and they just wait till you told.”
These students commented that they had to spend a large amount of time with at least one other student in their group to ensure the success of their group. Peer assistance and review worked only minimally because sometimes the other team members would not co-operate.
“He turns up and comes to classes but, after the class he goes straight home. He pretty much walks straight to his car and drives home, say like you have to chase him to get him do something and it’s not worth it.”

Some students described their supervisor’s teaching methods as inadequate in directing their learning and expressed a preference for formalised instructional methods.
“We are not being given the direction we need. Yes, it is supposed to be, we are thrown in the deep end, that’s fine, but when it comes to showing machinery or circuits, talking about pieces of equipment, we got no idea what they are, we are researching them that’s fine, but, someone’s talking about we are expecting them to know what they are without being given any explanation.”
Experiential learning experience was reported by the students who were self-directed. 

“It gives you a chance to look at stuff rather than just seeing a case study and figuring out the correct way of doing something. This is the chance that you may grow and you know, ok I want to do that next time. Where as if you have only got the experience of a correct answer, there is always a chance that you can make mistake.”

Self-awareness of their own knowledge level and appreciation of the contribution of other team members in acquiring knowledge were also evident from the interview data. 
“Very poor position. I mean like I said doing research is fine, but like we said, we take up our strengths and build up on those.”

“[Student] has been great, because he has that work background, things that we would have been lost with out his background. We have been able to go OK. Well how much we have done. Theoretically that’s how it should be, [Student] has been a big help to our group.”
However, their level of readiness for the PBL context, understanding of the concepts and their experience in the first semester suggest that students are learning in groups at a surface level at this stage rather than learning collaboratively or cooperatively (Garfield, 1993).
“I said, we are happy to help people out if it is like, I will sit down with [Student] and take her through what ever she wants to go through, which is fine, but it gets to the point to where, I can’t tell her, like last week, I have told her the same thing at least once a day last week and she hasn’t got it.”

“They are making stuff up to bring it up because no one really cares … we have learnt the shortcuts very quickly and we are taking them. There is no reward for going long way, because you don’t really learn a lot more because there is no real application for what we are doing, yeah”

In conclusion, this paper has reported on only one source of the data collected so far and more data will be collected during semester 2, 2006. As students and teachers are still in the process of making the change from a teacher-centred to a learner-centred approach, student approaches are expected to change over this period and we will be able to shed more light on the factors affecting student learning. We will be delighted to report further findings in future.
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