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Abstract:  This paper presents some of the challenges and lessons that have been learnt teaching engineering undergraduates a holistic approach to Product Development.  It highlights some of the methods used to integrate design and marketing within an engineering curriculum that is intended to equip students with a balanced approach to creating products within rapidly changing organisations and societies.

The challenges of teaching engineering students to creatively explore different aspects of a product’s environment and to consider user interaction issues are presented. Applied methods, such as the use of integrated project-based activities, are then offered as a means of achieving a total approach to an engineering education in product development. Parallel tasking and the concurrent application of all technical, design and marketing elements are observed from the beginning and throughout each project to facilitate uptake and application of the integrated model. Iterative methods of concept assessment and selection are also used to emphasize the decision-making process and encourage lateral thinking.

The model, which utilises a cross-disciplinary teaching staff and other external advisors to bring the student’s experience closer to industrial practice, finally undergoes critical evaluation before giving a summary of the main lessons learnt.

Keywords: integrated product development, multi-disciplinary education
Introduction

Product Development engineering education referred to in this paper has evolved in response to the changing nature of industrial practice and offers useful insights into providing an integrated educational learning experience.  The course is designed to prepare students for professional practice as product development engineers.  Hence much of the teaching and assessments mirror industry practices and is therefore a balance between theory and practice.  Along with teaching students the basic principles and fundamental theories, a number of practical projects allow for learning hands-on skills and knowledge.  

Integrated product development combines key disciplines throughout the development process to achieve the best possible match between the product and customer requirements. This paper provides practical insights into different aspects of integrated product development, and has implications for practitioners and academics in the field.

Project-based courses & Experiential Learning
Product Development is a multidisciplinary activity and is an integration of design, manufacturing and marketing (Ulrich & Eppinger, 2004).  The importance of project-based learning has been emphasised by leading researchers and can be seen in the way engineers in industry carry out their practice. Typically, a development engineer’s project activities involve a systematic approach to understanding the problem and its context, decision-making, structured methods of quantifying elements, application of design and creativity, cross-functional team work and learning from experience.  Hence ‘learning by doing’ is important in product development education.  

Kolb proposed that cycles of experiential learning improve understanding, Figure-1.  The experience of learning by doing from the context of the environment, cyclical questioning and thus gaining a deeper understanding. 


Figure 1 Kolb's model of experiential learning.

Students learn in four different ways. Kolb proposed that the cycle of experiences improves understanding and build bridges between theory and practice.  Leifer (2005) discusses the project-based learning (PBL) model, stating that learning must be external and shared before it can be internalized and made personal.  In our project courses we require students to share their experiences with each other in the class.   This interaction has been valuable to their learning and problem solving.

Product Development Education

The bachelor of engineering in Product Development at Massey University, educates undergraduate students with the knowledge and skills necessary to meet the demands of developing new products in a modern, commercial environment.  The four year major includes the fundamental sciences, engineering, design and management papers, along with the opportunity to apply this knowledge in practical projects. The first two years of study, consisting of the basic sciences, are common to many of the engineering majors.  Specific papers for product development students are introduced in the third and fourth years, which combine theory with project-based learning.  The final year project is a collaborative education partnership with industry.  This model of partnership has been expanded to two campuses and the experience gained allows us to share some of the best practices and challenges faced.

The elements of design, marketing and manufacturing are considered equally important throughout the product development projects.  The projects are supervised by staff with expertise in these areas specific to new product development.  The projects have clear milestones for the student, weekly meetings and three stage-review discussions with these supervisors. The meetings simulate industry’s cross-functional meetings and require students to have completed the research and outcomes identified in their project proposals and schedules.  Two formal project presentations to staff, sponsoring companies and an external advisory board are held.  This board is made up of people from industry with a background in engineering and product development. The role of the external advisory board is to evaluate student performance and learning in terms of the whole course and its relevance to industry’s needs. This is similar to a formal board meeting in industry, where students are expected to convince the panel of the potential for their product.  They must defend their choice of material, manufacturing process, design and marketing issues.

The Challenges of Integration

Commercial organisations constantly strive for effective collaboration between departments to achieve a consolidated team effort. However, this is often governed by each team member’s awareness of others and the ability of the “left hand” to know what the “right hand” is doing, or even what it would like to do next.

Our Product Development teaching model is one that seeks to emulate industrial practice, by combining several different skill-sets to achieve a single common objective. When applying this educational approach, the primary challenge is the same for both students and staff alike. This is that they must go beyond their own areas of expertise and operational comfort to experience and appreciate things from a new or different perspective.

Bringing together different disciplines, in delivered theory and practical projects, demonstrates the interconnected nature and relationship that each has with the other. However, the resulting overlaps can sometimes lead to friction amongst differing mindsets that are the product of a monogamous focus upon a single area of expertise.

This being the case, it is likely that a large part of the solution lies with teaching practitioners and their classroom approach. Flexibility to accept and incorporate new methods; approaches and viewpoints in this environment would not only enrich the learning experience, but it would assist the integration of taught individuals within multidisciplinary teams and workforces.

We face the challenge of combining the different languages and concepts of design, marketing and engineering in order that each individual is able to synthesise it and speak the language of product development.  These activities are critical to any product development, but more so in New Zealand’s small companies, where most of the functions have to be carried out by a very small team, within limited resources.

Students need to integrate knowledge from related fields into their product development practice and thinking.  This integration is critical to successful product development.  This is achieved by having a multi-disciplinary staff team who teach and supervise the students. In projects, students are constantly questioned on all three main areas – technical, design and marketing analyses, throughout all the development stages.

Innovation and creativity are facilitated when people from varied backgrounds and disciplines work together on a project (Ulrich & Eppinger, 2004).  The fusion of engineering design and industrial design in new product development education is facilitated through applied projects. One of the second year papers, called “Design for industry”, introduces this approach using a series of individual assignments that are brought together to form a single overall project. The assignments are conducted over the course of a single semester, with each one placing specific focus upon different aspects of the core project.

The project in question calls for students to reverse engineer an existing handheld electronic product and redesign it around a specific set of user-centred factors before building a proof of principle prototype. This is achieved through four separate assignments, which are intended to test and improve basic design and engineering skills. Details of the four assignment areas are given below.

Product Dissection

The students are first asked to disassemble, analyse and sketch exploded views of the existing product in an assignment that is intended to improve their observation and graphic communication skills.

Concept Design

In the second assignment, students have to apply product knowledge from the previous dissection exercise and sketch at least five new designs on paper, before using a criteria-based concept selection matrix to impartially identify the most appropriate solution.

Engineering Design

After selecting a suitable design concept, the students produce a full set of third angle orthographic projections and a general assembly drawing of their finalised product design, applying tolerances; dimensions and a bill of materials.

Fabrication

In the final project assignment, students are asked to produce a principle prototype that demonstrates an aspect of the redesigned products functionality. This involves the students’ own custom-designed interfaces being coupled to and controlling the original products printed circuit boards.

During the development process, we have found that engineering students tended to screen out ideas too early, perhaps because they were thinking about the technical feasibility of the concept.  The solution is to clearly separate the idea generation from the selection process, in order to encourage a range of ideas. In the previous example this is done by making students produce a number of design ideas before impartially appraising and selecting a suitable concept. Using this method, students are taught to approach problems with the understanding that there could be a number of solutions and therefore they need to explore and examine the situation from different perspectives before proposing a single solution. 

Project management skills are also taught quite early so that students can apply them in team-based projects.  We have noted that groups that have had team-working problems either in role expectations, delegation of tasks, or communication are not successful in their project outcomes.  Good team working skills and communication contribute to better outcomes.  The project logbooks also serve the purpose of reflective thinking and learning.

Assessment:

The range of final year projects and their different complexities pose a challenge in terms of fair assessment across the disciplines.  Hence all assessment is made using the four criteria below (Rockell, 2004).  Each criteria listed below is given equal weighting for assessment.

1.
Management includes: self management - setting targets, staying on/managing target, recording, evaluating performance. project management - effectively operating a product development process, staying on/managing schedule, staying on/managing budget.

2.
Thinking “smarts” include: smart, innovative and effective approaches to problem solving, good judgement and decision making shown, demonstration of and effective application of design, marketing and technical knowledge and skills gained over the duration of the degree.

3.
Communication and interpersonal skills: quality of communications with sponsor, supervisors, review panels, and oral presentation to audiences, effective written communication skills and standards, including grammar and logical structure of written documents.

4.
Amount and quality of work achieved: achievement of key outputs identified for the project, range of research work undertaken, appropriateness and depth of research output, range of methodologies used, thoroughness of written and other work presented, work done to a high professional standard.

Assessment criteria must accommodate the diversity of projects undertaken and the risk of new product development failure that can occur despite the best efforts of the student.

In order to avoid any tension between academic learning outcomes and commercial outcomes, all client companies are informed in advance of the academic requirements expected from the students.  The students are guided throughout on achieving a balance between these sets of expectations.  The challenge is when they may be in conflict at times, such as when the client company wishes to go with one concept, despite what the market research may say.  In such cases it is resolved by providing quality research information that convinces the client of the choice of concept and decision-making.  Academic learning, is judged by the staff team and peer students.  But practical project outcomes are judged by the client company representatives and the external advisory board (Gawith and Shekar 2004).

Evaluation of the Product Development project programme

Evaluations from students, staff and sponsors are very positive.  A survey with past project partners revealed the benefits of the programme and a number of them have returned to sponsor projects.  Students benefit with real-life experience and learning, the University benefits from keeping the major relevant to industry needs and companies gain from the fresh innovative approaches taken by young engineers. Representatives from industry have commented on the high standard of reports and project work. 

The cross disciplinary nature of this teaching model provides a natural environment for the holistic approach to courses in product development as has been seen by the enthusiasm of students and the demand by industry for these graduates.  It can also be seen in the rise of project sponsors over the years.

Corporate clients and the external Advisory Board are invited to project presentations twice in the year.  The deliverables, after nine months are a case study report, a functional prototype and detailed documentation of the development process and product. The success of these projects can also be measured by the awards and patents won, and about 25% being commercialised each year.  

Results obtained from the assessments support triangulation between findings across methods and assessors.  Since each new project is unique, there is very little room for plagiarism, which has become a recent problem with electronic written assignments.  The multi-methods of assessment and the direct ‘live’ reviews with students helps make the model a fair judgement of student learning.

Future Improvements
Feedback in the form of a survey called the Student Evaluation of Courses, Administration and Teaching (SECAT) has been conducted on the ‘design for industry’ project-based course.  This is a university wide student evaluation system that is analysed by an external organisation and the results sent back to the staff.  These results will be received later, and can be presented at the conference.  In addition to this, students were questioned on their learnings and experience from both this second year paper and the fourth year project paper.  Students have mentioned that they appreciate the cross-functional nature of product development and understand the importance of considering technical, marketing and financial issues throughout the development process.
An area for improvement mentioned by some business partners has been to increase the staff contact.  One or two companies would like to be able to discuss project issues with supervisors more often.  So, in the future, we should try to include some more collaborative project meetings that bring in company representatives, university staff and students together, at key milestones during the project, in addition to the current communication methods.

There are several areas where students have performed very well, as a result of these project-based courses, including: thinking practically, learning to test out theoretical principles, understanding real commercial constraints, learning to manage budgets, time and people and realising that they should source research information and expertise on the product early.
Educational implications

Leifer (2004) has outlined five pedagogic themes for product-based-learning: externally sponsored projects motivate student learning; theory and practice are synthesized in hands-on development; real-world projects demand multi-disciplinary experience; project management requires problem formulation, teamwork, negotiation, oral communication, and effective written documentation; naturally occurring bi-products of project work (proposals, presentations, lab-notes, products and reports) support formative, summative and validative assessment. 

These themes map closely to the activities of real product development and our approach. Our approach to learning assessment is derived from the design research literature and our experience over the past ten years.  Product development engineers must develop critical thinking and be able to express their opinions and lessons learned from practice. They must justify the choice of materials, selection of user research techniques and manufacturing methods.  This is a complex activity characterised by the blend of three main disciplines – marketing, manufacturing and design.  These are achieved through a cross-functional team of staff supervising and assessing project work.  Project performance is evaluated on their design, marketing and technical issues.

Traditional one-way lectures are complemented by more student seminars and class discussions of student initiated topics.  This has enhanced their motivation as they could pursue their own interests within the broad field of product development.  Exposure to a range of current topics presented by the class also gave insights into recent developments across the breadth of disciplines.

More freedom in terms of timing of stages based on the unique expectations of each project, was appreciated. The sharing of project progress along with peers, also served as a form of motivation for those lagging behind.

Conclusions

Project-Based-Learning has been recognised in the literature (Leifer, 2004) as a means of skills transfer through apprenticeship.  It is also a process of linking and integrating theory and practice.  The ‘learning by doing’ approach has had positive feedback from students, helps them retain the learning better and contributes to the blending of disciplines within the context of product development projects.  

Some challenges of conducting marketing, design and engineering activities towards the common goal of developing new products was discussed, with reference to specific examples and some solutions.  

The external advisory board of senior industry and government representatives also serve as a cross-functional team of experts who bring in a real-world perspective to the project assessments.

The model presented in this paper supports enhanced learning in terms of an integrated approach to product development.  Despite the need for inter-disciplinary teaching, very few programmes exist that have a cross-functional team of staff within a department who work together with the students on real projects.  We hope to see more of these programmes along with inter-disciplinary students taking part together on projects. 

In summary, engineering education should reflect the multi-disciplinary nature of real problems in industry, and should encourage integrated solutions. 

References

J. E. Ettlie (2002). Research-based pedagogy for new product development: MBA’s versus engineers in different countries, Journal of Product Innovation Management 19 (1): Pages 46-53

L,Leifer, (2005). Evaluating Product-Based-Learning Education.

W.Ju, L.Oehlberg & L.Leifer (2004). Project-based Learning for experimental Design Research, International Engineering and Product Design Education Conference, September, Delft, Netherlands.

J.Gawith and A Shekar (2004). The Bachelor of Technology degree in Product Development at Massey University, Institute of Technology & Engineering, Massey University, New Zealand, AEESAP Conference, Auckland.

G.Zhang, P.Cunniff and J.Dally (2003). Teaching new product development through a product engineering approach, James Clark School of Engineering, University of Maryland, College Park, MD 20742.

Cardozo R.N, Durfee WK, Ardichvili A, Adams C, Erdman A.G, Hoey M, Iaizzo P.A, Mallick D.N, Bar-Cohen A, Beachy R, Johnson A (2002). Perspective: Experiential education in new product design and business development, Journal of Product Innovation Management 19 (1): 4-17.

M. Rockell (2004). Food Technology Project Course Outline, Massey University (Unpublished).

Kolb, D. A. (1984). Experiential Learning, Englewood Cliffs, N.J. Prentice-Hall.

S. S., Lim, E. L. Loo, and A. Shekar (2001). Product development partnership programme and its evaluation. In_R.A. Dwight, & E. J. Colville_(Ed.), The 8th Australasian Conference of Engineering Management Educators, pp._129-137, July 12-13, University of Wollongong, NSW, Australia.

W. S. Lovejoy and V. Srinivasan (2002). Perspective: ten years of experience teaching a multi-disciplinary product development course, Volume 19, Issue 1, Journal of Product Innovation Management Pages 32-45.

Ulrich, K. & Eppinger, S. (2004). Product Design and Development.  New York:  McGraw-Hill, Inc.

Acknowledgements

To all the students and staff who have contributed to the research projects, and to all collaborating companies for supporting the programme.

PAGE  

