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ABSTRACT 
 
The principles and standards of CDIO are being implemented in the MEng programme in 
Mechanical and Manufacturing Engineering at Queen’s University Belfast. As part of the 
implementation plan the final year of the programme has been modified in order to provide an 
integrated learning experience centred on a new team-based project. The changes to the 
programme are described and examples are presented to illustrate the type of project carried 
out by the student teams. Finally the new project’s role in helping to meet the CDIO Standards 
is discussed, conclusions are drawn and future work is outlined. 
 
INTRODUCTION 
 
The School of Mechanical and Manufacturing Engineering at Queen’s University Belfast has a 
number of established engineering programmes, to which it has recently added a new 
programme in Product Design and Development.  As a participant in the CDIO Initiative the 
School aims to adopt CDIO in all of its programmes.  In the case of the new programme the 
opportunity has been taken to implement CDIO in a comprehensive manner in the first year, and 
this will be repeated in subsequent years as the first cohort of students progresses through the 
programme.  In the case of the established programmes the adoption of CDIO has inevitably 
posed additional difficulties, but an implementation plan is being followed that will introduce the 
necessary changes over the next few years. 
 
The reference point for the CDIO implementation plan is the twelve CDIO Standards.  In terms 
of planning the curriculum the Standards require an introductory course that incorporates 
design-build experiences, followed by at least one further design-build exercise of a more 
advanced and demanding nature.  The Standards also stipulate that the curriculum should 
address the CDIO Syllabus which covers a wide range of personal, interpersonal and product 
and system building skills. Furthermore the development of these skills should be integrated 
with the acquisition of disciplinary knowledge and, where appropriate, disciplinary subjects 
should be linked together in a meaningful way.  Within individual courses the Standards require 
an emphasis on active and experiential learning, and that every opportunity should be sought to 
develop students’ skills simultaneously with the teaching of disciplinary topics. 
 
The School’s implementation plan for its established programmes covers all of the above 
requirements, and progress is being made with all aspects of the plan.  However the initial focus 
of the plan was the project undertaken in the final year of the School’s MEng programme in 
Mechanical and Manufacturing Engineering. As discussed in the remainder of the paper, this 
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project was felt to have the greatest potential for addressing a significant number of the CDIO 
Standards in a single initiative. 
 
MEng PROGRAMME IN MECHANICAL & MANUFACTURING ENGINEERING 
  
The MEng programme consists of four years of study and entry is restricted to applicants with 
superior academic qualifications.  Students must maintain high standards to remain on the 
programme, and many of those who graduate with MEng degrees progress to positions of 
responsibility.  Until recently the structure of the programme was as outlined in Figure 1. 
 

Figure 1:  Previous Structure of the MEng Programme 
 

s shown in the figure, core mechanical and manufacturing courses extended over all four 

E-STRUCTURING THE MEng PROGRAMME 

he School decided to re-structure the MEng programme for a number of reasons.  A team-
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years, with electives provided in both the third and fourth years.  The elective courses were 
shared with other programmes.  In the case of the third and fourth year individual projects, 
students chose a year-long project from a list containing both research-based and design 
oriented options.  The non-disciplinary courses covered mainly “professional” topics such as 
management, economics, accounting, health and safety and employment law. 
 
R
 
T
based project rather than an individual project was to be included in the final year.  A unique set 
of elective courses of an advanced nature was felt to be more appropriate for MEng students in 
their final year than shared electives with students on other programmes.  Finally there was a 
need to integrate the non-disciplinary courses more fully with the remainder of the curriculum.  
The revised structure of the MEng programme is outlined in Figure 2. 
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1st YEAR 2nd YEAR 3rd YEAR 4th YEAR

As Figure 2 indicates the core disciplinary courses are now covered by the end of the third year.  
This allows students to study advanced electives in the final year.  In addition the final year 
team project can now be legitimately regarded as a “capstone” project, since students have 
completed all core courses before it commences, as well as all of their courses in design.  
Furthermore, having gained the experience of carrying out an individual project in the third year, 
it is logical that students should extend their project skills by participating in a team-based 
project in their final year. 
 
THE FINAL YEAR TEAM-BASED PROJECT 
 
The new final year project was introduced in part to provide the advanced design-build exercise 
called for in the CDIO Standards.  It was also to be a vehicle for developing as many skills as 
possible from those listed in the CDIO Syllabus.  With this in mind a wide-ranging project was 
envisaged where students working in teams of five or six would: 
 

a) Generate an idea for an innovative product 
 

b) Form a hypothetical company to design, develop and market the product, with 
designated roles and titles for each team member. 
 

c) Conduct a detailed market analysis including the identification and assessment of 
competing products. 

 
d) Create a product design specification for the product. 

 
e) Select a design concept for the product, after assessing a range of concepts. 
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Figure 2: Revised Structure of the MEng Programme 
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f) Produce a detailed design in the form of CAD models and engineering drawings, 
supported by analyses based on engineering science and the application of CAE tools. 

 
g) Build and test a prototype, and develop the product until it meets its design specification. 

 
h) Prepare and present a detailed business plan (ostensibly for potential investors) 

covering the financial, business, technical, manufacturing and personnel issues involved 
in setting up a company to market the product. 
 

In essence the project simulates the process that a start-up company would go through to 
launch a new product, in as complete a manner as possible.  In so doing it brings together the 
technical, business and marketing issues that professional engineers must contend with in the 
real world.  (Our experience has been that it also re-creates the tensions, time pressures and 
interpersonal problems that graduates have to learn to cope with in their working lives.) 
 
As already noted, the project provides final year students with the opportunity to apply design 
and project skills as well as the disciplinary knowledge they have acquired in the previous years.  
However additional knowledge and skills are inevitably needed to meet the demands of the 
project.  This need is met in a number of ways.  Students acquire relevant expertise by 
independent learning through the university libraries and the Internet.  They are also provided 
with vouchers that enable them to “buy” consultations with appropriate experts in the university.  
In addition, courses and seminars are provided on subjects of general relevance to the students’ 
project work.  Providing such courses and seminars was possible because of the flexibility that 
exists with the non-disciplinary courses shown in Figure 2.  Unlike the disciplinary courses, the 
non-disciplinary courses do not follow a logical progression, but tend to be independent from 
each other and unconnected with the remainder of the curriculum.  This means that they can be 
modified and re-arranged without repercussions, and if required new courses can be introduced 
to produce a more integrated curriculum.  To date the focus has been on the non-disciplinary 
courses in final year and the need to integrate them more fully with the final year project.  This 
has led to the arrangement shown in Figure 3 where support has been provided for the project 
through three non-disciplinary courses and a programme of seminars. 
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Figure 3: Final Year Project with Supporting Courses 
 
As Figure 3 shows, prior learning that contributes to the final year project is supplemented by a 
course on “Business and Marketing”.  This covers many of the non-engineering aspects of the 
project, from generating ideas for an original product to drawing up a business plan.  Included 
are lectures on market research, strategic planning, product pricing, consumer behaviour, 
advertising, business ethics and leadership skills.  In addition a course is provided on 
“Entrepreneurship” which deals with the formation of start-up companies, alternative business 
models, sources of finance and advice, management topics and legal issues.  There is also a 
course on “Innovation”, which has the aim of placing the final year project in a wider context.  It 
deals with the importance of innovation to individual companies and the economy in general.  It 
also examines the characteristics of innovative companies, the role of research and 
development, the management of innovation and new product introduction.  The intention is that 
students will make connections between their experiences in the project and the topics covered 
in the course. 
 
The seminars shown in Figure 3 are designed to provide background on more specialized 
topics.  Subjects addressed have included patenting, IPR, project management, risk 
assessment, team building, quality auditing, human resources and rapid prototyping.  Case 
presented by design practitioners have also been included in the seminar programme. 
 
EXAMPLES OF PROJECTS 
 
The most difficult part of the project for many student teams is generating the initial idea for an 
innovative product.  Ideally the product idea should come from the students, since the team will 
then have “ownership” of the concept and, in our experience, will tend to promote and defend 
their idea more vigorously.  In some cases individual students propose innovative products that 
have been suggested to them by family members or friends.  Providing the student can 
convince the other team members of the merits of proposal, this is acceptable.  From time to 
time product ideas are submitted to staff in the School by companies or external organisations.   
Having given the teams a period of time to come up with their own ideas, these are brought to 
the attention of the students.  In the final resort, the staff responsible for co-ordinating the 
projects will suggest product ideas to any team that has failed to produce one of its own, but this 
has rarely been required. 
 
By way of illustration, one of last year’s teams felt that it would be worthwhile to develop a 
gearbox for a wheelchair, in order to facilitate hill climbing.  As with all student teams, they were 
encouraged to seek out groups and individuals in the local community when undertaking their 
market research.  In this case they consulted wheelchair users, staff at an orthopaedic hospital 
and a local wheelchair manufacturer.  They discovered that a more pressing and fundamental 
problem was stopping a wheelchair from rolling backwards.  As a result they changed the 
project to one involving the design, development and marketing of an anti-roll back system for 
wheelchairs.  Figure 4 shows CAD models the team produced to explore different design 
concepts. 
 
Another of last years’ teams became aware of a problem in nasal surgery through a relative. 
Consultants in this area have a requirement for flexible forceps to enable them to reach into a 
patient’s nasal passages. The team set about satisfying this requirement, having refined the 
design specification through interviews with surgeons, and other relevant medical staff. The 
device developed by the team is shown in Figure 5. 
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Figure 4: Wheelchair Anti-Roll Back System 

 

MEDICYTE 

        
Figure 5: Nasal Forceps 

 
A further project from last year arose from a problem raised by the Northern Ireland Ambulance 
Service.  When critically ill patients are transferred on stretchers by ambulance they are 
normally accompanied by various items of monitoring and life sustaining equipment.  These 
tend to be heavy and unsecured, which poses difficulties when the stretcher is moved, and the 
inertia of the equipment creates obvious dangers when the ambulance is braking or cornering at 
speed.  The challenge faced by the team was to design and develop an equipment carrier for a 
typical complement of equipment that could easily, but securely, be attached to a stretcher and 
quickly removed when required.  A CAD model and a photograph of the prototype carrier 
developed by the team are shown in Figure 6. 
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Figure 6: Equipment Carrier for Stretcher 

 
CONTRIBUTION TO CDIO STANDARDS 
 
The new final year project addresses a significant number of the CDIO Standards.  Clearly it 
represents an advanced design-build exercise and while it qualifies as a capstone project, 
students continue to learn actively and experientially and acquire further knowledge and skills 
as the project proceeds.  As indicated, other courses are integrated with the project in order to 
provide support and add meaning to the topics covered.  The result is a coherent integrated 
learning experience that constitutes around half of the final year curriculum. 
 
A major contribution of the final year project and its support courses is the extent to which it 
covers the CDIO syllabus.  The syllabus contains sections on the technical knowledge of the 
discipline, personal and professional skills, interpersonal skills (including teamwork and 
communication) and the knowledge and skills involved in conceiving, designing, implementing 
and operating products and systems.  A wide variety of personal and professional skills are 
developed in the project.  Students for example have to exercise engineering reasoning to solve 
problems that are open-ended and ill-defined.  They must learn to make decisions on the basis 
of estimation rather than precise quantitative data, and take cost, uncertainty and risk factors 
into account.  The project will inevitably involve time spent on experimentation and knowledge 
discovery, as teams explore and evaluate concepts and principles that may be incorporated in 
the design of the product.  A holistic systems approach is also essential, so that design decision 
making encompasses relevant marketing, business, manufacturing and societal factors, and not 
just the immediate technical aspects of designing a product. In addition personal attributes are 
developed through the need for creative and critical thinking, initiative, perseverance and 
successful time and resource management.  It has in fact been observed that students mature 
and become more confident during the project, in part through the realization that they can 
conceive and create a product and at the same time plan in some detail how a company could 
be formed to manufacture and market the product. 
 
The project clearly makes a major contribution to the development of interpersonal skills.  The 
role playing element in the project simulates the situation found in professional practice, where 
each team member has a designated area of responsibility which must be respected, but also 
has a responsibility to accept collective decisions made by the team.  Communication skills are 
developed within the teams and also by requiring the teams to make a series of presentations 
during the year, produce team reports and write individual dissertations.  In addition teams are 
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encouraged to involve the local community in their projects by surveying potential customers 
and consulting users, companies and appropriate government agencies.  Describing their 
project to non-engineers and eliciting information from these groups provides further practice in 
communication skills. 
 
The final year project directly addresses the section of the CDIO Syllabus on conceiving, 
designing, implementing and operating products and systems.  CDIO requires that these 
activities are set in their enterprise and societal contexts.  Since the project involves the detailed 
planning of a start-up company to market the product, the enterprise context is automatically 
addressed.  Students are also encouraged to take the societal context into account, and as it 
happens a high proportion of the products proposed by the teams are intended to fill a social 
need, with many choosing to develop medical devices or disability aids.   
 
CONCLUSIONS AND FUTURE PLANS 
 
As part of its CDIO implementation plan the School has introduced a new final year project that 
contributes to a significant number of CDIO Standards and addresses all sections of the CDIO 
Syllabus.  As part of the initiative the curriculum has been altered so that students complete all 
core disciplinary courses before undertaking the project.  In addition the final year non-
disciplinary courses have been revised and re-aligned in order to support the needs of the 
project.  The result is a final year curriculum that combines a choice of advanced elective 
courses with an integrated project-based learning exercise.  The latter focuses on the central 
theme of CDIO that the conception, design, implementation and operation of products and 
systems should be the primary concern of engineering education, with due regard paid to the 
enterprise and societal environment.  A strong emphasis on this theme in the final year would 
seem appropriate, on the basis that students are effectively rehearsing the role they are likely to 
assume when they become professional engineers. 
 
Current work on the School’s implementation plan is directed towards the earlier years of the 
School’s established programmes.  It is planned that additional project work will be introduced, 
and the opportunity will be taken to further integrate the curriculum.  Again the flexibility that 
exists within the non-disciplinary course provision may be exploited, and courses relocated or 
modified in order to facilitate integration.  During the time frame of the implementation plan, the 
School’s new degree programme in Product Design and Development will have progressed to 
its later years.  The results of adopting CDIO within this programme will therefore be available to 
inform the redesign of the School’s established programmes so that they fully comply with the 
principles and standards of CDIO. 
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ABSTRACT 
 
There is a need to create awareness, in Engineering students, of the topics covered by Life 
Cycle Engineering, LCE. Topics covered in an LCE course should be included as background 
information in any design situation. LCE is concerned with the Environment and an awareness of 
environmental considerations is needed in future engineers. 
 
Deciding what to include in an Environmental Course can be difficult due to the many techniques 
and apparent differences of views on the subject. However, there are more similarities than 
differences between the different approaches to Environmental Engineering. They all have the 
objective to decrease the impact of a design upon the environment. 
 
It has been observed that 70 percent of product costs are decided at the design stage. With 
respect to the design of products and their impact upon the environment, it can be observed that 
if we get the design right, at the beginning, then environmental impacts can be reduced by an 
estimated 70%. Therefore, an awareness of product impact upon the environment, must be 
created at an early stage in undergraduate education. Such a course does not need to have a 
high mathematical content and can give undergraduate students exposure to information which 
can be used, in product design courses, as they progress through university. The content of 
such a course is suggested in this paper.  

 
Keywords:  Life Cycle, Curriculum 

 



1 INTRODUCTION 
 
There is a need to arrive at a tentative agreement, internationally, on what should be included in 
a Life Cycle Engineering and EcoDesign curriculum. The formation of a CIRP Working Group 
that will work on an Environmental curriculum for Manufacturing Engineers was proposed 
recently at an LCE conference [1]. The idea is to negotiate, at an international level, among 
engineers doing work in LCE, what is necessary for educating undergraduate engineers about 
environmental concerns. 
 
This need stems from an increasing awareness, by society, of the role played by Engineers in 
producing products, which are contributing to non-sustainability. In one recent, non-refereed, 
article by Rotor [2], the reader is urged to think: “Produce Differently. Consume differently. Think 
differently. These critical actions, required for sustainable development, demonstrate how 
integral engineering and technology are to the process“. One major point, often omitted, is the 
contribution of Design to Environmental Impacts, as it is in the foregoing. 
 
The early stages of design are important for a variety of reasons. Boothroyd et al [3] observed 
that 70% of product costs are decided at the design stage. With respect to the design of 
products and their impact upon the environment, Graedel and Allenby [4] make the observation 
that if we get the design right, at the beginning, then environmental impacts can be reduced by 
an estimated 70%. Rotor [2] observes that “as a profession, Engineers had to fight their way into 
international negotiations such as the Rio Earth Summit in 1992”. This paper argues that the 
lack of cognizance by policymakers of the contribution of Product Design to environmental 
impacts, is a case of “déjà vu all over again”. The subject of EcoDesign, and Life Cycle 
Engineering is simply not on the agenda of policymakers. 
 
Engineer’s design most products, therefore an awareness of product design, product impact 
upon the environment, and EcoDesign, must be created at an early stage in undergraduate 
education. Such a course can give undergraduate students exposure to information that can be 
used in product design courses, as they progress through university. The content of such a 
course is suggested in this paper. 
 
2 LIFE CYCLE ENGINEERING 
 
Life Cycle Engineering, LCE, is the label used to describe the areas where the environmental 
concerns coincide with Design Engineering and Production Engineering.  The definition of LCE 
was first presented in 2002 [5, 6] and the content needed in LCE courses has been discussed 
on several previous occasions [7,8, 9]. Deciding what to include in an LCE/EcoDesign Course 
can be difficult due to the many techniques and apparent differences of views on the subject. 
However, is there such a divergence of views? Lagerstedt [10] observed that there are more 
similarities than differences between the different approaches to Environmental Engineering. 
She observed that they all have the objective to decrease the impact of a product design upon 
the environment, and hence have a convergent view. 
 
The need to create awareness, in Engineers and Engineering students, of the topics covered by 
LCE, has been discussed in several papers [10, 11]. Part of the need to address Environmental 
issues is being addressed at a recently established website where CIRP members working in 
Life Cycle Engineering and education can discuss their views [13].  
 



3 COURSE OBJECTIVES 
 
A tenet of LCE, and the proposed course, is that Design and Manufacturing Engineers play a 
critical, central role in deciding the environmental impact of a product, hence the Environment 
must be a concern to the Engineer when designing a product, in addition to the many other 
factors that must be considered, such as costs, strength, function, etc. 
Course objectives include [9]:  

• to recognize the importance of the environment in social welfare. 
• to appreciate the importance of the environment in human and long term economic 

welfare. 
• to recognize the type and major stressors upon the environment. 
• to learn the rudiments of environment impact assessment. 
• to gain a basic understanding of environmental management systems. 
• to understand how risk assessment affects management decisions and public perception. 
• to learn about tools, for the EcoDesigner, which can be used in Design for the 

Environment.  
 
Emphasis is placed upon the fact that the ultimate goal of a Product Life Cycle assessment is to 
produce a series of recommendations for a product design team, which will lead a reduction in 
environmental impact of the product. It is stressed that these are called DFE, Design for 
Environment, recommendations and that the recommendations should be designed to improve 
the product design and thereby to minimize the product’s environmental impact. 
 
1 EXAMPLES OF CURRICULUM CONTENT 
 
A good way to assess what course content should be is to look at courses being given now. The 
premise is these courses are attuned to what is needed. 
 
The design of products, their manufacture and their environmental impact is addressed in 
several Mechanical Engineering courses. Three examples are: 

1. Environmentally Conscious Design and Manufacture-ME 4171, Georgia Tech 
[http://www.srl.gatech.edu/ education/ME4171/index.html]; 

2. Life Cycle Engineering, MECH 424, Queen’s University 
[http://me.queensu.ca/undergraduate]; 

3. Environmentally Conscious Design & Manufacturing-MIME4980/5980,U. 
Toledo.[http://www.eng.utoledo.edu/~wolson/ecdm].  

 
Each of these courses can be broken down into subject areas as shown in the following: 
Queen’s: 

• CO2, global warming, carbon trading issues 
• Toxic materials 
• Chemistry and the Environment 
• LCA, SLCA, LCI, Product Life Cycles 
• DFX’s: DFMA, DFE, DFD, DFR, EOL 
• FMEA 
• Sustainable Design 
• ISO 14000 Environmental Management Standards 



• Energy 
 
Georgia Tech: 

• Environmental impact of engineering products and processes 
• Life Cycle Design  
• Pollution Prevention  
• LCA, Product Life Cycles 
• DFE, DFR and Demanufacture  
• Service, Reuse and Remanufacturing  
• Eco-Labels 
• ISO 14000 Environmental Management Standards 
• Sustainable Design  

 
U Toledo: 

• ECDM (Environmentally Conscious Design and Manufacturing) 
• LCA, LCI, Material and Energy Balances 
• Product Life Cycles (LCA) 
• Material Acquisition and Refining, Materials Selection 
• Manufacturing Phase and use phase 
• Logistic System Design for ECDM 
• DFE, DFR, Remanufacturing 
• Product Features that create environmental impact 
• Feature, Fastener and Material Selection for ECDM  
• Environmental Law and Regulations, International Environmental Law and Regulations 
• Risk assessment & management 

 
Obvious commonalities occur as follows: 

• LCA, LCI 
• Product Life Cycles 
• DFE, DFR 
• Remanufacturing 
• ISO 14000 Environmental Management standards 
• Sustainable Design 

 
These can form a basis for discussion of what should be included in a standard LCE course.  
Obvious differences occur in: 

• Energy  
• Risk Assessment and management 
• Eco-labels 
• Global Warming, CO2, Carbon Trading 

These would be open to negotiation for inclusion in the recommended core curriculum. Details 
for including some of these have supporting data such as in the following. 
 
4.1  Including Energy in an LCE curriculum  
Why should energy sources, production and use be included in all LCE, EcoDesign courses? 
Because these are the major sources of GHG’s. Ultimately, at the lowest level of production, 
even the smallest fastening device will consume energy when being made and assembled.  
 



The demand for energy will continue to rise [18]. This will be due to increased demand: for 
heating and cooling; for industrial production, especially in non-OECD manufacturing spheres 
such as China; increased transportation activity.  
 
To understand how we reached the present state of affairs for energy supply and consumption, it 
is important to understand how energy sources have changed over time, as seen in figure 1. The 
major user of these resources is the industrial sector. Increased use of traditional sources, in all 
sectors, can only increase CO2 production and Global Warming.  
 
Within the manufacturing sector, a subset of industries exists in which the energy required to 
produce a unit of economic output is three to five times greater than the average energy required 
for industry overall [18]. In this subset of energy-intensive industries, raw materials are 
transformed or converted into intermediate and finished products, accounting for 40 to 80% of 
manufacturing energy use depending on the country. Efficiency or technology improvements that 
can reduce energy demand in these key raw-materials industries will play an important role in 
reducing global industrial energy demand and greenhouse-gas emissions. For the foregoing 
reasons energy production and alternative methods of production should be looked at on in any 
course.  
 
How both traditional energy sources and new sources are converted into usable energy for 
society become important considerations to the designer. Hence discussion is needed within the 
framework of an LCE course. Figure 2, gives an idea of the different methods available to 
generate energy. 

 

Figure 1. How use of energy sources has changed with time [Siemens Review, 1998]. 



Figure 2. Methods available to generate energy [Siemens Review, 1998]. 
 
Electricity generation is expected to nearly double between 2001 and 2025 [19], from 13,290 
billion kilowatthours to 23,702 billion kilowatthours. Strongest growth is projected for the 
countries of the developing world, where net electricity consumption is expected to rise by 3.5 
percent per year, compared with a projected average increase of 2.3 percent per year 
worldwide. Robust economic growth in many of the developing nations is expected to boost 
demand for electricity to run newly purchased home appliances for air conditioning, cooking, 
space and water heating, and refrigeration. For the industrialized world where electricity markets 
are more mature, more modest annual growth rates of 1.5 and 2.0 percent, respectively, are 
projected.  
 
Finally, Product Design and Production is a commercial enterprise and it is useful to see how 
commercial energy consumption is distributed around the world in relation to population 
distribution, as shown in figure 4.  
 
4.2 Inclusion of Risk Analysis  
Risk Analysis is becoming increasingly important. Financial Institutions are finding that 
companies which act environmentally responsibly are often better managed financially and 
hence have a lower financial as well as environmental risk [14]. Companies have also become 
concerned with their environmental image and how this will affect their brand and sales. One 
example is given, in an internationally read paper, where critics claim a company has played a 
major role in the fight against the Kyoto accord [15]. Jeswiet and Hauschild [16] state that “it can 
be predicted, that companies not only need to change their image in many cases, but there is a 
need for tools which can be used to assess both their old and new product lines, and whether a 
new area of endeavor can be both profitable and environmentally responsible. Part of that 
assessment will require an Environmental Risk Analysis, which will probably be included in the 
tools used by the EcoDesigner” [16, 17]. Hence there is a need to include Risk Analysis in any 
LCE/EcoDesign course outline. 



Figure 4. Annual commercial energy consumption in the regions of the world [20]. 
 
4.3 EcoDesign 
EcoDesign plays an important role in the product design, including use and final disposition. 
Whether or not it belongs under aegis of LCE [5] or it is a separate area of design is a moot 
point. It is important to the designer who wants to design in an environmentally friendly way, with 
the least amount of impact. EcoDesign includes rules such as those called the 10 Golden Rules 
for EcoDesigners. 
 
The 10 Golden Rules for EcoDesigners, as defined by Luttropp [21] are: 

1. Do not use toxic substances, and used closed loops when necessary to do so. 
2. Minimize energy and resource consumption in production and transportation through 

striving for efficiency. 
3. Minimize energy and resource consumption in the use phase, especially for products 

with their most significant environmental aspects in the use phase. 
4. Promote repair and upgrading, especially for system dependent products. 
5. Promote long life, especially for products with their most significant environmental 

aspects outside the use phase. 
6. Use structural features and high quality materials, to minimize weight, however these 

should not interfere with necessary flexibility, impact strength or functional properties. 
7. Use better materials, surface treatments or structural arrangements to protect products 

from dirt, corrosion and wear. 
8. Arrange in advance for upgrading, repair and recycling, through good access, labeling, 

modules and breakpoints, and provide good manuals. 
9. Promote upgrading, repair and recycling by using few, simple, recycled, not blended 

materials and do not use alloys. 
10. Use the minimum joining elements possible using screws, adhesives, welding, snap fits, 

geometric locking, etc. according to Life Cycle guidelines. 
 



4.4  Other Design Rules 
There are many other design rules that can be added to the list. For instance, “The rules for 
EcoDesign”, set out by Luttropp, can be expanded to include additional rules such as shown in 
table 1 [22]. 
 
5 RECOMMENDED COURSE REQUIREMENTS  
 
A possible set of core requirements could include the following: 

• LCA, LCI 
• Product Life Cycles 
• DFE, DFR 
• Remanufacturing 
• ISO 14000 Environmental Management standards 
• Sustainable Design 
• Energy  
• Risk Assessment and management 
• Eco-labels 
• Global Warming, CO2, Carbon Trading 

 
Details of these could be located at website such as the one provided by KU Leuven specifically 
for this purpose [23].  
 
6 SUMMARY 
 
In the future there will be a need to have a recommended set of guidelines for core content in 
LCE/EcoDesign courses.  
 
The drivers for this will likely be awareness that if designs are done properly, at the beginning, 
then environmental impacts can be reduced by an estimated 70%. Engineers make product 
designs, and the best place to start educating them is at the beginning of the undergraduate 
level, with a course which adheres to a recommended set of guidelines. 
Having to follow a set of recommended guidelines will not be legally enforceable, however, they 
will provide a reference for due diligence purposes when presenting a course.  
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Table 1. Guidelines for Material use, Fasteners and Product Structure [22] 
A.  Materials Reason for Guideline 
1.  Minimize the number of different types of 
materials. 

Simplify the recycling process; especially 
plastics 

2.  Make subassemblies and inseparable parts 
from the same or a compatible material. 

Reduce the need for disassembly and sorting. 

3.  Mark all plastic and similar parts for ease of 
identification. 

Many materials’ value is increased by accurate 
identification and sorting. 

4.  Use materials, which can be recycled. Minimize waste; Increase the end of life value 
of the product. 

5.  Use recycled materials. Stimulate the market for recyclates. 
6.  Ensure compatibility of ink where printing is 
required on plastic parts. 

Avoid costly label removal or sorting 
operations. 

7.  Eliminate incompatible labels on plastic 
parts. 

Avoid costly label removal or sorting 
operations. 

8.  Hazardous parts should be clearly marked 
and easily removed. 

Rapidly eliminate parts of negative value. 

B.  Fasteners  
9.  Minimize the number of fasteners. Most disassembly time is fastener removal. 
10.  Minimize the number of fastener removal 
tools needed. 

Tool changing costs time. 

11.  Fasteners should be easy to remove. Save time in disassembly. 
12.  Fastening points should be easy to 
access. 

Awkward movements slow down manual 
disassembly. 

13.  Snap-fits should be obviously located and 
able to be disassembled using standard tools. 

Special tools may not be identified or available. 

14.  Try to use fasteners of material compatible 
with the parts connected. 

Enables disassembly operations to be avoided. 

15.  If two parts cannot be compatible make 
them easy to separate. 

 

16.  Eliminate adhesives unless compatible 
with both parts joined. 

Many adhesives cause contamination of 
materials. 

17.  Minimize the number and length of 
interconnecting wires or cables used. 

Flexible elements slow to remove copper 
contamination steel, etc. 

18.  Connections can be designed to break as 
an alternative to removing fasteners. 

Fracture is a fast disassembly operation. 

C.  Product Structure  
19.  Minimize the number of parts. Reduce disassembly. 
20.  Make designs as modular as possible with 
separation of functions. 

Allows options of service upgrade or recycle. 

21.  Locate unrecyclable parts in one area, 
which can be quickly removed and discarded. 

Speeds disassembly – see no. 8. 

22.  Locate parts with the highest value in 
easily accessible places. 

Enables partial disassembly for optimum 
return. 

23.  Design parts for stability during 
disassembly. 

Manual disassembly is faster with a firm-
working base. 

24.  Avoid moulded-in metal inserts or 
reinforcements in plastic parts. 

Creates the need for shredding and separation.

25.  Access and break points should be made 
obvious. 

Logical structure speeds disassembly and 
training. 
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ABSTRACT 
 
This paper discusses active learning games as a potentially important pedagogical technique in 
support of formal classroom education. A brief review of the active learning literature is given, 
followed by a list of known active learning games relevant to the CDIO engineering education 
context.  
 
As a specific example of an active learning game we present the learning objectives, rules, and 
implementation of a “Genetic Algorithm Game” that is used to introduce this class of 
evolutionary optimization algorithms to graduate students. Genetic algorithms do not require 
mathematically advanced formulations. Nevertheless, many students are experiencing 
conceptual difficulties in understanding the abstract nature of genetic operators and how the 
algorithm is able to successfully search complex design spaces for good solutions. We have 
found that playing the “Genetic Algorithm Game” during class is an effective tool that helps 
students experience and reinforce the inner workings of genetic algorithms.  This activity 
enhances conceptual learning and initial student feedback has been very positive.  
 
We believe that this example of an “in-class game” provides a template for similar active 
learning activities in other domains. Clearly, playing such games requires thought, preparation 
and time (typically between 10-30 minutes per game), as well as careful synchronization with 
the main lecture content. Faculty-student interactions are enhanced by assigning secondary 
materials for self-study and using the gained lecture time for active learning games that 
reinforce the primary materials and key concepts. 
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INTRODUCTION 
 
We define active learning games as “A pedagogical technique that uses playful in-class 
activities designed to actively engage students with key concepts, the faculty and each other”.   
 
We will first review literature in the area of active learning and summarize some of its principles. 
Next, we present an overview of active learning games – those that are meant to be conducted 
during classroom lectures – as a specific pedagogical technique under the umbrella of active 
learning. Why do we believe that active learning games are effective? We report empirical 
evidence of the success of this method at MIT, where a number of different active learning 
techniques have been used (Fig.1). A more rigorous assessment of the effectiveness of active 
learning techniques in general and active learning games in particular would require a scientific 
experiment with control and test groups. Such an experiment is proposed in this paper. 
 

 

Active Learning 
Activity 

Ref. Time 
[min]

“Muddy” Cards [9] 2-3 

Concept Questions [10] 5 ea. 

PRS System Use  [11] 2 

Hands-on Experiments [12] 20-40

Recitation Q&A session [11] 20-40

Active Learning Games here 10-30

    Figure 1: Active learning in the windtunnel [11]  Table 1: Active learning techniques 
 
Active learning is also described in CDIO’s Standard 8: 
 
CDIO™ Standard 8 — Active Learning 
Teaching and learning based on active experiential learning methods 
 
Description: Active learning methods engage students directly in thinking and problem solving 
activities. There is less emphasis on passive transmission of information, and more on engaging 
students in manipulating, applying, analyzing, and evaluating ideas. Active learning in lecture-
based courses can include such methods as partner and small-group discussions, 
demonstrations, debates, concept questions, and feedback from students about what they are 
learning. Active learning is considered experiential when students take on roles that simulate 
professional engineering practice, for example, design-build projects, simulations, and case 
studies. 
 
Rationale: Students remember less than a fourth of what they hear and only about half of what 
they see and hear. By engaging students in thinking about concepts, particularly new ideas, and 
requiring some kind of overt response, students not only learn more, they recognize for 
themselves what and how they learn. This process of metacognition helps to increase students' 
motivation to achieve program learning outcomes and form habits of lifelong learning. With 
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active learning methods, instructors can help students make connections among key concepts 
and facilitate the application of this knowledge to new settings. 
 
 Evidence: 

• successful implementation of active learning methods, documented, for example, 
by observation or self-report 

• a majority of instructors using active learning methods 
• high levels of student achievement of all CDIO learning outcomes 
• high levels of student satisfaction with learning methods 

 
Active learning games fall into this category, but have not yet been directly discussed as an 
active learning tool in the literature. This paper presents an example of such a game for 
teaching genetic algorithms to students in the area of engineering design and optimization. The 
paper discusses the learning objectives, rules, implementation and assessment of a “Genetic 
Algorithm Game” that is used to introduce this important class of evolutionary optimization 
algorithms. We first review the literature on active learning and give an overview of known active 
learning games.  Next, a brief primer on genetic algorithms is given and the GA game 
instructions are presented as well as the supporting materials to execute this activity in the 
context of a graduate or undergraduate class.  
 
Emergence of Active Learning 
The engineering educational community has gradually embraced the possibilities of increasing 
student engagement and learning through methods that can together be described as “Active 
Learning”. Though the term eludes precise definition, common themes that run amongst the 
many attempts to define it include the following: teaching that "puts the responsibility of 
organizing what is to be learned in the hands of the learners themselves" [1] and that 
challenges students to “engage in such higher-order thinking tasks as analysis, synthesis, and 
evaluation” [2] instead of passively absorbing material.  In other words, active learning in the 
classroom is implemented through "instructional activities involving students in doing things and 
thinking about what they are doing" [2].  

 
Engineering programs that have implemented active learning curricula agree that there are 
advantages to activating students instead of relying on the traditional lecture-only approach.  
Parcover and McCuen in their discussion of a constructivist learning method for teaching 
engineering design argue that learning "is not simply a matter of transferring information from 
lecturer to listener…conceptual development and comprehension requires the opportunity to 
question, explain, and test beliefs" [3].  Van Dijk and colleagues conducted an experimental 
study on the effectiveness of interactive lectures, using a control group [4]. They concluded that 
interactive lectures increase student motivation, but do not automatically result in more effective 
learning. It appears that interactive lectures should be combined with other activities inside and 
outside the classroom to amplify the learning impact. This point is emphasized by Bales' 
assertion that long-term retention of lecture material for the average student is only 5%. This 
rate, he argues, can be increased up to 75% for lectures incorporating practical exercises [5]. 
The literature is embryonic when it comes to specific examples of how active learning should be 
derived from higher-level curriculum goals and how it may be implemented in practice. 

 

MIT’s 
active learning approach is embedded in a larger initiative for curriculum reform called CDIO 
(conceive-design-implement-operate). This reform, initiated by Crawley [6], changes the context 
of aerospace education from engineering science to lifecycle engineering. The contribution of 
this article is to demonstrate and discuss a promising implementation of active learning, with the 
example of the “Genetic Algorithm Game”. 
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Overview of Active Learning Games 
A number of activities have been proposed and are being used by various institutions and 
instructors that can be qualified as “active learning games”. A flow diagram for a typical active 
learning game, embedded in a classroom lecture, is shown in Figure 2. Typically, such games 
are not played at the beginning of a lecture, but after the initial material and concepts have been 
presented. An active learning game will only be effective once the instructor has presented the 
key ideas and concepts. As such, the active learning game serves to reinforce the material, not 
to introduce it in the first place. The first step is to explain the rules of the game and what its 
objective is in reinforcing conceptual learning. Next, the logistics of the game are organized, 
which typically involves subdividing the students in the class into teams or groups and 
distributing any materials that might be required to play the game. Third, the game is actively 
played with the instructor serving as both a facilitator and referee. Classroom games typically 
involve several rounds or iterations, or require that one rotate through all teams at least once. 
Oftentimes, active learning games require students to stand up and report their results to the 
class or give a short oral narrative of their experience. We have found it to be effective that the 
instructor capture the key results and insights from playing the game on the blackboard, 
whiteboard or computer screen. The game concludes with a period of reflection and discussion 
and a summary of the game results, which allows transitioning the class back into lecture mode. 
Typical active learning games last for 10-30 minutes and usually a 90-minute lecture will allow 
for only one such activity. Placing such an activity in the middle of a lecture also helps in 
maintaining alertness and lengthens student’s attention span. We have found it difficult to play 
active learning games in classes with more than 40 students or in classes with both local and 
distance education students present at the same time. 
 

Introduce 
Concept 

1. Explain 
Rules 

2. Organize 
Game 

Logistics 

3. Play Active 
Learning 

Game 

Next 
Round ?

4. 
Summarize 

Game  
Results 

Continue 
Lecture 

ny

 
 

Figure 2: Typical flow of active learning games 
 
Table 2 contains a list of active learning games known to the authors. For each game we 
provide the name under which it is known, the primary learning objective of the game, a brief 
summary of the activities that are conducted, the estimated duration as well as the name and 
institution of the instructor who invented or has practiced this game recently. 
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Game Learning Objective Activities Time 

[min] 
Instructor 

 
“Genetic 
Algorithm 
Game” 
 

 
Be able to explain how 
genetic operators work 
and how they interact 
during search. 
 
 

 
 
Described in this paper. 

 
 
10-30 

 
 
Olivier  
de Weck 
(MIT) 

 
“Men from 
Mars” 

 
Understand the difference 
between form and 
function 

 
Students form groups and receive a set 
of unusual objects, where the form is 
easily described, but the function is not 
obvious (e.g. bathtub stopper….). They 
discuss the object in groups and report 
out their guess of what the function is.  
 

 
10-15 

 
Edward 
Crawley 
(MIT) 

 
“Jigsaw 
Method”  

 
Consider a complex 
business or engineering 
problem from a variety of 
perspectives 
 
 

 
Form teams and assign them a 
particular function inside the company 
(marketing, engineering, 
manufacturing, finance,) after some 
amount of work/discussion re-shuffle 
members into new teams and repeat. 
 

 
15-30 

 
Tim Simpson 
(Penn State) 
[13] 

 
 
“Beer Game” 
 
 

 
To clarify the advantages 
of taking an integrated 
approach to managing 
the supply chain; it 
particularly demonstrates 
the value of sharing 
information across the 
various supply chain 
components 

 
Considers a simplified beer supply 
chain, consisting of a single retailer, a 
single wholesaler, which supplies the 
retailer, a single distributor, which 
supplies the wholesaler, and a single 
factory with unlimited raw materials, 
which makes (brews) the beer and 
supplies the distributor. Each 
component in the supply chain has 
unlimited storage capacity, and there is 
a fixed supply lead-time and order 
delay time between each component. 
 

 
 
 
>204

 
David-
Simchi-Levi 
(MIT) [12] 

 
Multiobjective 
City Planning 
Game 
 

 
Visualize how 
emphasizing different 
objectives will lead to 
different solutions in 
system design 
 

 
A hypothetical 5x5 block city is to be 
designed by defining zones (residential, 
commercial, and recreational) and 
roadways. Students form stakeholder 
groups and create configurations that 
emphasize competing objectives 
(minimize commuting time, maximize 
tax revenue…) and then compare 
answers and rationale. 
 

 
45-60 

 
Olivier de 
Weck 
(MIT) 

 
Table 2: List of active learning games known to the authors 

                                                 
4 The beer game can be played in-class with multiple players, or it can be done as an off-line activity. 
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The following sections explain the details of the Genetic Algorithm Game as a particular 
example of an active learning (in-class) game. 
 
GENETIC ALGORITHM GAME 
 
GA Primer 
Genetic algorithms (GAs) are a search method that is inspired by genetics and natural selection. 
While applicable to many optimization problems, we teach this algorithm in the context of a 
class on multidisciplinary design optimization [14]. The design variables (phenotype) are 
encoded as a string of numbers (typically in binary code), i.e. the genotype is also called a 
chromosome. Candidate designs are expressed by a set of chromosomes, each representing a 
member of a population of designs. Starting from a population of randomly generated 
chromosomes, they evolve into better designs over generations, going through the operations of 
crossover, mutation, and selection.  
 
GAs were first developed by Holland in1975 [7], refined by Goldberg in 1989 [8], who also 
outlined fundamental theory and applications.  The premises of GA are as follows: 

• Natural Selection is a very successful organizing principle for optimizing individuals 
and populations of individuals in nature. 

• If we can mimic natural selection, then we will be able to optimize more successfully. 
• A possible design of a system – as represented by its design vector x - can be 

considered as an individual who is fighting for survival within a larger population. 
• Only the fittest survive – Fitness is assessed via an objective function 

 

 
Fig. 3: Genotype and phenotype in GA. 

 
In GAs, a design is expressed by a chromosome in the genotype space, which is obtained by 
encoding design information from the phenotype space. The encoding scheme is provided by a 
user, and at this stage, the chromosome length is determined depending on the desired 
resolution of a design variable. Figure 3 compares a chromosome in the genotype space and a 
design in the phenotype space for biology and engineering design. Each design has a 
performance that reflects its fitness within a population.  
 
A typical flow chart for a GA is shown in Fig. 4. An initial population of a prescribed size is 
randomly generated in the first step. Among the design candidates in the initial population, 
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those designs whose fitness is relatively high are selected as parents for next step. The 
selection can be done based on the fitness ranking among designs. Other methods, such as the 
roulette wheel selection and the tournament selection method, are also used. It is important to 
do selection such that diversity in the population is preserved. 
 

 
Fig. 4:  Flowchart of a GA showing genetic operators 

  
The selected chromosomes are then mated, producing offspring. This mating, called crossover 
in GAs, is achieved by exchanging some part (s) of a chromosome with its partner. The 
crossover for mating may be made at one point or at multiple points. Figure 5 shows a single 
point crossover. The position of the crossover point is selected randomly.  

 
 

Fig. 5: Single point crossover: parents P1 and P2 on the left, offspring O1 and O2 on the right. 
 
Mutation modifies the children chromosomes to restore diversity. Some bits in chromosomes 
are flipped in this step. Too little mutation leads to an impoverished genetic pool with increasing 
number of generations. In this case, it may converge too early, obtaining only local optima. On 
the other hand, too much mutation decreases the convergence rate and undermines the fitness-
based selection bias.  
 
By inserting new children into the population, one generation is completed. It has been shown 
that repeating this procedure can lead to improved mean population fitness and finding the 
chromosome (or sets of chromosomes) that will maximize the objective function. If the algorithm 
satisfies the termination criterion, it will finish; otherwise it goes back to the selection operator 
and repeat the process for more generations. GAs, like other heuristics search methods, do not 
have clear, obvious termination criteria, but there are some options for termination criteria:   
 

• A prescribed number of generations has been completed - typically O(100) 
• The standard deviation in performance of individuals in the population falls below a 

threshold σJ<ε 
• Stagnation: no or small marginal improvement from one generation to the next 

7 
 



• A particular point in the search space is encountered 
 
The GA searches a population of points in parallel, not only a single point, and probabilistic 
transition rules, not deterministic ones, are used. Derivative information is not required. 
 
 
GA Game Procedures 
A game was created to enhance conceptual learning about GA’s in an undergraduate or 
graduate engineering classroom setting. Typically 20-40 students will play this game at the 
same time. Each student represents one member in a hypothetical population that is to be 
optimized.  The genetic algorithm game is managed by a game master (instructor) and a 
facilitator (teaching assistant). Each student is given one initial population paper chromosome 
(Fig. 6) and a set of blank paper chromosomes (Fig. 7) for use in future generations. Pairs of 
dice and pencils are also given. The fitness function is the sum of the digits of each 
chromosome (F), which will be a number between 0 and 12, e.g. fitness F = 7 for the first 
chromosome in Fig. 6. 

 

 
 

Fig. 6: Samples of initial population chromosomes 
 

 
 

Fig. 7: Blank paper chromosome 
 
Students then go through the steps of the genetic algorithm flowchart (Fig.4) by rolling dice, 
splicing chromosomes, exchanging parts of chromosomes with other students in the class and 
recombining and transcribing new chromosomes. After each generation each student in the 
class calls out their current fitness level (a number between 0 and 12) and the instructor keeps 
track of minimum, mean and maximum fitness levels across the class on the blackboard. 
Detailed GA game instructions are given in Appendix A for instructors wishing to replicate this 
activity at their own institution. Figure 8 (left) shows the fitness distribution of the initial 
population (40 individuals). 
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Fig. 8: (left) Fitness distribution of initial population (40 individuals, normal distribution, μ=6, 

σ=1.5),  (right) Simulated progression of GA game (40 students) with mean shown as the solid line 
and the maximum fitness and minimum fitness shown as the dashed lines, respectively. 

 
Generally, it is observed that the average fitness of the class population tends to increase, see 
Fig. 8 (right). While it is desirable to play 5 rounds of the game as shown in the figure, it is 
generally sufficient to play 3 rounds to see the trend of increasing fitness. Five rounds are 
necessary to see the decreasing rate of improvement from one generation to the next. Each 
rounds takes about 5 minutes to complete. We have been playing this game – among others -
for the last 4 years as part of our MDO class at MIT [14] and students confirm that this leaves a 
memorable impression on them. The active learning games have also been explicitly mentioned 
in the end-of-semester surveys. Nevertheless, we acknowledge the necessity to measure the 
effectiveness of this active learning approach in a scientific experiment. This could be 
accomplished, for example, by comparing a student group who receives a lecture on genetic 
algorithms and plays the GA game with a control group who only follows a traditional lecture.  
Describing this experiment is the subject of the next section. We have obtained approval for this 
experiment and results will be contained in a future paper. 
 
 
Pedagogical Experiment Setup 
It was decided to design a controlled experiment to assess the effectiveness of the GA game 
activity relative to a lecture-only format. The test protocol is summarized as follows: 
 
Purpose of the Study 
Research in Engineering Education has recently centered around methods that collectively are 
termed "Active Learning". However, there is debate as to what types of active learning 
padagogies and activities yield the most benefit, particularly in imparting conceptual 
understanding of complex topics. Active learning games explore and exercise key concepts 
during class and are intended to reinforce the theory, while providing a welcome change of pace 
during lecture. This study will attempt to quantitatively measure the incremental learning benefit 
of such games, relative to a lecture-only format. The study uses "Genetic Algorithms (GA)", a 
relatively recent class of computational optimization algorithms, as the topic of the lecture. The 
hope is that the insights regarding the effectiveness of "active learning games" will eventually be 
generalizable to other domains. Despite their name, "genetic algorithms" do not involve any type 
of medical/biological procedures or manipulation of genetic material of the student test subjects. 
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Study Protocol 
 
A.  Experimental procedures: 
The study subjects are divided into two groups: a control group and a test group. Both groups 
are homogenized in terms of gender, age, undergraduate or graduate study year and GPA. 
Both groups will listen to a one-hour lecture on Genetic Algorithms. This lecture is identical for 
both groups. In addition to the lecture, the test group will play the GA game during lecture, 
whereby the faculty and staff will act as facilitators. At the end of the lecture both groups will 
take a multiple-choice quiz (see Appendix B) to measure their conceptual understanding of 
"genetic algorithms". The quiz results will be processed statistically and results will be compiled. 
We will be looking for statistically significant differences in the test scores and attempt to 
quantify whether or not the GA game has had a beneficial impact on conceptual learning. 
 
B.  Type and number of subjects involved: 
Each of the groups will contain roughly 30 test subjects (60 test subjects total for the study). The 
test subjects will be undergraduate students (sophomores, juniors, seniors) and graduate 
students at MIT. The number of 30 per group is driven primarily by the need to have a 
statistically representative sample size. 
 
The actual time requirement for the test subjects will be approximately 90 minutes/person for 
subjects in the control group and 120 minutes/person for subjects in the test group. Before the 
start of the lecture, each student in each of the two groups will be explained the purpose of the 
study and the research procedure. They will then each sign a consent form if they still agree to 
participate. 
 
C.  Procedures to ensure confidentiality:
Each student will fill in the quiz after lecture (15 minutes) and mark his or her name on the quiz 
response form. It is necessary for us to correlate the study subject names with the test scores to 
check for bias and confounding factors. In the statistical evaluation of the effectiveness of the 
GA game and subsequent publication all test data will be averaged. Students will not be allowed 
to see each other's test scores. The test subject's performance on this quiz will have no impact 
on their regular academic performance or GPA. 
 
We will report results of this experiment in future work. 
 
CONCLUSIONS 
 
This paper discusses active learning games as a potentially important pedagogical technique in 
support of formal classroom education. A brief review of the active learning literature was given, 
followed by a list of known active learning games relevant to the CDIO engineering education 
context.  As a specific example of an active learning game we presented the learning objectives, 
rules, and implementation of a “Genetic Algorithm Game” that is used to introduce this class of 
evolutionary optimization algorithms to graduate students.  
 
Active learning games, played during lectures, have two primary benefits. First, they allow the 
students to reinforce their understanding of one or two key concepts by participating in an active 
learning activity, usually involving the faculty and their peers. Second, such games represent a 
welcome break in the class from the passive learning mode and help to lengthen attention span 
and engagement. Initial feedback to these games has been positive as revealed by end-of-
semester surveys. Nevertheless, it must be pointed out that active learning games require 
careful planning and execution and they take substantial time away from traditional lecture time, 
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typically on the order of 10-30 minutes per game. This requires that secondary materials be 
displaced from the lecture and assigned as reading materials for self-study. We have found that 
active learning games work well for classes with up to 40 individuals, but are not recommended 
for larger classes or for classes with a mix of local and distance-learning students where the 
latter group participates via videoconferencing. 
 
Future work in active learning game research will focus on these three questions: 
 

1. Measure the effectiveness of active learning games in a series of controlled scientific 
experiments by comparing homogenized test and control groups. 

 
2. Attempt to explain the dynamics of active and passive learning modes that underpin 

the effectiveness of active learning games, e.g. using system dynamics models 
where the dynamic relationship between active learning, passive learning, the 
amount of lecture content and student’s attention spans are related. 

 
3. Compile a more comprehensive list of known and emerging active learning games 

(extension of Table 2) and compare their characteristics and domains of applicability. 
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Appendix A 
 

Genetic Algorithm - Game Instructions 
 

Purpose: Illustrate the flow and operators of genetic algorithms with 
a hands-on game. The objective of the “optimization” is to maximize the number of 
“1”’’s on each individual chromosome. The maximum fitness that can be achieved is 
12. Typically, the class size has to be between 12 and 40 and 3-4 generations will be 
played. Duration: 20 min. 

 
Materials:  Initial population chromosomes, blank chromosomes, pencils, dice, 
blackboard and chalk, rotating pointer, calculator 

 
Personnel: -    Game Master (1) 

- Facilitators (1-2) 
- Participants (12-40) 

Steps: 
1. START: Count the number of participants: N = population size 
2. Hand out initial population chromosomes to the class – each person gets one 
3. Hand out pairs of dice and pencils – one set per row 
4. Hand out a number of blank chromosomes ca. 4-5 per person 
5. Generation Count = GEN=1; 
6. Fitness evaluation: Every individual adds up number of “1”’s in his/her 
chromosome; fills in the sum in the field marked “F”.  
7. One-by-one individuals call out the “F” score aloud. Facilitator records scores on 
blackboard or laptop and computes average score for the entire population. The 
facilitator also records the highest scoring individual. The facilitator announces the 
current average and maximum fitness to the class. Decide whether to continue the game. 
If yes goto step 8, else STOP. 
8. Individuals calculate “S”. Roll two dice and fill in result in field “D” (2-12). If D>=S, 
check “y”, else check “n”. 
9. Selection: Everyone who has “n” is not selected for mating. These individuals 
have to hold up their chromosomes and they are collected by the facilitator and removed 
from the game. The number of non-selected individuals is NS < N. 
10. The NS highest scoring individuals in the population make a one-to-one copy of 
their chromosome onto an empty chromosome. 
11. Insertion: The NS duplicated chromosomes are collected by the facilitator and 
handed back out to the individuals who where not selected. Now everyone has a 
chromosome again. 
12. The Game Master rolls 3 dice to determine the random crossover location: 
Xbit=ceil(sum of three dice score)/2; Should be a number between 2 and 9. Announce 
Xbit aloud. 
13. Crossover: Individuals randomly select a new mating partner in their geographic 
neighborhood. Once a pair has found each other, they separate their chromosome by 
splitting it down the middle after Xbit and exchange the front and back substrings, 
respectively. 
14. Copying: Individuals copy their new chromosome composed of the front and 
back substrings onto a blank chromosome.  
15. Mutation: Game Master rotates the pointer. The individual who the pointer is 
aimed at has to flip the bit corresponding to his/her month of birth. GEN=GEN+1; Goto 
step 6. 
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GA Quiz          Appendix B 
 
Student Name _________________________      Time: 15 min 
 
Group   ___ Control Group (had lecture only) 
  ___ Test Group (had lecture and played game) 
 

 
A Quiz on Genetic Algorithms 

 
Multiple Choice Questions: circle the correct answer 
 

1) Does the basic idea of the GA as an optimization-based search method rely on: 
a. Competitive behavior of individuals  
b. Cooperative behavior of individuals 
c. Both 

 
Answer: a 
 

2) What is the main advantage (s) of using the GA over other search methods? 
 

a. It moves from a set of solutions to another set in one iteration rather than moving 
from a single point to another 
b. It can handle discrete design variables 
c. It can handle nonlinear objective and constraint functions 
d. All the above 
e. a and b 
f. b and c  
g. a and c 

 
Answer: f 
 

3) What is the first operator that takes place in a GA iteration: 
a. Crossover 
b. Selection 
c. Mutation 
d. It depends how the algorithm is coded 
e. Either a. or c. occur first 

 
Answer: b 
 

4) Which of the following is represented by the mutation operator in the GA: 
a. Survival of the fittest 
b. Reproduction or mating 
c. Promotion of diversity 

 
Answer: c 
 

5) A mutation rate of  0.001 has the following meaning: 
a. Every 1000th individual of a population will be mutated on average 
b. The likelihood that any given bit will be flipped randomly is 10-3 
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c. Every 1000th generation will be subject to mutation 
d. Both a. and b. are correct 
e. Both a. and c. are correct 
f. Both b. and c. are correct 

 
Answer: b 
 

6) Which of the following is represented by the selection operator in the GA: 
a. Survival of the fittest 
b. Reproduction or mating 
c. Promotion of diversity 

 
Answer: a 
 

7) What is the name of the selection scheme that operates on pairs of two individual 
chromosomes at a time: 

a. Roulette wheel selection 
b. Twin fitness ranking 
c. Tournament selection 
d. Binary elitism 
e. Random selection 

 
Answer: c 

 
8) Which of the following is represented by the crossover operator in the GA: 

a. Survival of the fittest 
b. Reproduction or mating 
c. Promotion of diversity 
d. Switching from one population to another 

 
Answer: b 

 
9) Parent 1’s chromosome is: [01001110], Parent 2’s chromosome is: [10110011]. Which of 
the following chromosomes are valid children from parent 1 and 2, assuming single point 
crossover: 

a. [11001110] 
b. [01000010] 
c. [10111110] 
d. both a. and b. 
e. both b. and c. 
f. both a. and c. 

 
Answer: f 
 

10) When does a genetic algorithm typically stop: 
a. when the maximum number of generations has been reached 
b. when the global optimum is found 
c. when the average population fitness does not increase more than some 
predefined amount from one generation to the next 
d. when all chromosomes have converged and are identical 
e. a. or b. 
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f. b. and d. 
g. a. or c. 
h. all answers are correct 

 
Answer: g 
 
 
Text Questions: 
 

11) Can optimality be proved when solving an optimization problem using the GA? Why or 
Why not? 

 
Answer: No, optimality cannot be proved because Kuhn-Tucker Conditions cannot be 
shown., i.e. gradients are not used in the search process. 
 

12) What enables the GA to handle discrete design variables? 
 
Answer: Binary variable encoding to 0’s and 1’s. 
 

13) How does the GA compare to other search methods in term of computational cost? 
 
Answer: the GA is expensive because it is a population-based search method, i.e. moves 
from a number of points to a number of points in one iteration. 
 
Open Ended Question: 
 

14) What kind of application (s) you think you can apply the GA to optimize or design? 
 
Answer: Non-linear, non-convex problems with discrete variables such as in structural 
topology optimization, aircraft and automotive design, design of biomedical devices, 
optimal packaging problems with non-symmetric boundary conditions, facility location 
problems with non-convex objective functions 
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ABSTRACT 

This paper describes experiences of active learning through project based learning in 
combination with group dialogue between students. The learning approach was applied in an 
elective course about environmentally adapted design of products given by the Department of 
Materials and Manufacturing Technology for third and fourth year students. The aim was to 
implement more reflective teaching and learning, moving the focus from a procedural approach 
to reflection and conversation for gaining understanding and perception. The resultant course 
was created aiming for a comprehensive lifecycle perspective of the disciplinary knowledge on 
environmental adaptation as well as development of student competencies such as 
responsibility, creative thinking and group dialogue. Assessment was pursued by a combination 
of oral and written examination through project presentations. The evaluation of how these 
ideas turned out was based on our perception as course examiners, the work and reports 
produced by students and the results from student course surveys. The first general conclusion 
to be drawn was that this type of learning was perceived as very different for the students 
compared to earlier courses. Time during the first group dialogue session was needed to 
prepare students for such a new experience and by that adjust their expectations. The use of 
dialogue in combination with problem-based learning was found very useful in this course on the 
complex and dynamic field of sustainable technology. The students showed enthusiasm and 
performed well from an in-depth learning perspective, however, it was found that the larger 
degree of freedom needed to be met by a corresponding increase of feedback. It was also 
found that well defined assessable course objectives were very useful as a tool not only for 
specification of course goals and examination but also to give feed-back. 
                                                                                                                                                                  
INTRODUCTION  
 
Future engineers are expected to work in a highly dynamic society and industry where facts will 
change, be questioned and discussed. The consequence for engineering education has been to 
develop education with increased emphasis on “transferable” or “generic” competencies such as 
e.g. communication. Traditional and contemporary higher engineering education in Sweden 
have, however, since long been organised primarily for one-way communication, where the 
students are mainly “listeners-followers”. Typically, a course consists of theoretical lectures in 
large classes, in combination with recitals in classes of about 30 students. Some courses also 
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include laboratory work in smaller groups. Finally, assessment has usually been based on a 
written exam. These formal teaching and assessment methods do not appeal to all students. 
Research on student learning has concluded that students have different orientations and 
learning styles. Entwistle, for instance, identified two dominant orientations called knowledge-
seekers and understanding-seekers [1]. The former, searching for facts, are not interested in 
speculating or searching for deeper meaning. In contrast, the latter try to relate facts to earlier 
experiences and find connections and discrepancies. Traditional teaching as described above 
tends to favour knowledge-seekers and thus unintentionally encourage surface knowledge on 
the expense of deep knowledge.  
 
Today, the traditional educational methods are therefore changing towards a pedagogical 
culture more focused on learning instead on teaching, where the students are taking more 
responsibility for their own learning [2]. In general, there is a growing interest in reflective 
teaching and learning, moving the focus from a procedural approach, ploughing throw 
coursework, to thoughts, reflections and conversation for gaining understanding and perception 
of the real world. Instead of stimulus and response, there should be insight and action [3]. In 
order to achieve this, communication between students and teachers and between students 
plays a key role. Technical knowledge and non-technical competencies such as communication 
are becoming interdependent. Engineering students need to learn communications’ skills in the 
technical context as they represent ways to express and apply technical knowledge. 
Conversely, practicing the skills in the technical context allows students to acquire a deeper 
working knowledge of engineering fundamentals. 
 
These insights have heavily influenced the educational framework developed by the CDIO 
Initiative which envisions an engineering education set in the context of Conceiving - Designing 
- Implementing - Operating engineering systems, hence the name CDIO [4-5]. A CDIO-based 
curriculum addresses the technical fundamentals of the particular program as well as a broad 
set of personal, interpersonal and product and system building competencies. This is achieved 
through requirements on the program to have a curriculum that is carefully designed to meet 
clearly stated learning objectives, a richness of design-build-test experiences, and feature 
integrated learning experiences where learning of professional competencies such as 
communication and teamwork are integrated into disciplinary and project-based courses. In 
these projects and courses, students are presented with problem-solving activities that 
incorporate authentic, real-life questions and issues in a format that encourages collaborative 
effort, dialogue with informed expert sources, and generalization to broader ideas and 
application. 
 
In this paper we describe a project-based course which features a novel approach towards 
active experiential learning that enables and strengthens the inclusion of integrated learning of 
communications’ competencies into the course. The main idea is that a strong emphasis on 
dialogue between students would promote learning of these competencies as well as creative 
thinking, particularly in the complex field of sustainable development and technology. This is 
achieved within the setting of a problem-based, project-organized course (PBL). PBL, strictly 
defined, is a well known method for enabling students to experience problems in real cases, 
gather the discipline-based knowledge as needed and to motivate students to an active search 
of further knowledge in dealing with problems at hand [2, 6-7]. An effective use of dialogue as 
defined by Olausson, Isaacs and Severin [8-10] within this context is then explored in order to 
provide integrated learning of e.g. communication within the problem-based course setting. 
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COURSE DESCRIPTION 
 
Course Data 
The elective course “Environmentally adapted product development and manufacturing” has 
been taught from 2002 in the Department of Materials and Manufacturing Technology for 
students in their third or fourth year. The course duration is seven weeks, corresponding to 7.5 
ECTS credit units, and requires one faculty member as instructor per ten students. The number 
of students was thirteen the first year, and has then increased to twenty-five the following years. 
According to the general PBL approach, the students perform case studies in groups (project 
groups). The student team group size was initially six to eight students, changed to a maximum 
of five the following years to facilitate co-operation in terms of meeting schedules and dialogue. 
The basic open problem of the project is to redesign a product for environmental adaptation; 
especially concerning material selection and manufacturing methods. Examples of products for 
the projects are vacuum cleaner, hard disk, low-energy lamp, chain saw, refrigerator, cell 
phone, washing machine, and car tyres. 
 
Learning Objectives 
The course is based on a life-cycle perspective and deals with adaptation for recyclability, 
environmentally adapted materials selection, alternative construction- and manufacturing 
methods and eco-labelling. All of this is focused on the project, expected to result in guidelines 
for design of a specific product, with special regard to environmental aspects. The learning 
objectives of the course were as follows. 
 
After having completed the course, students are expected to: 

• Describe common assessment tools for environmentally adapted product development 
and make appropriate and motivated selections of tools 

• Describe the environmental influence of common engineering materials and to make 
motivated selections of materials 

• Have used the chosen assessment tools for analysis and then redesign of a product for 
environmental adaptation, especially concerning material selection and manufacturing 
method 

• With supervision of a teacher made the necessary choices of course content and course 
literature in order to solve general tasks and formulate specific problems 

• Have been in contact with system thinking 
• Have improved their teamwork and communication competence 
• Have practised critical thinking and creativity 

 
Learning approach  
By using the PBL approach the obvious advantage is the use of the project work as a unique 
learning motivator. The students will also learn how to handle the uncertainty of a “real-life-like” 
situation and deal with open problems. At best the student might “learn the ability to confront the 
concrete details of real problems and to abstract a relevant understanding of them – to build ties 
between these problems and abstract concepts” as formulated by Cannon et al. [11]. An old 
saying is that we do never really understand the answer of a question we have not, on our own, 
genuinely asked. 
 
On starting the course the students were given opportunities to present themselves and their 
personal learning expectations. Based on that, they were divided into heterogeneous groups 
formed by members with different main interest; e.g. production, materials or environment. A 
four-hour session was dedicated to introduction to problem-based learning, course objectives, 
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dialogue and the CDIO project. The same week also three basic lectures were given; on 
lifecycle analysis and on metals and polymers from an environmental perspective. Time was 
also spent on dialogues for the students to get to learn each other in the newly formed groups 
and to focus on problem formulation connected to their cases. During the following six weeks 
learning was accomplished through project work. A study tour, for instance to a modern scrap-
yard, was encouraged but not compulsory. Every week student groups and faculty met for a 
very student active four-hour session, where communication and the use of dialogue were in 
focus, see below. 
 
Dialogue in teaching is not new, it is known from teaching in ancient history, e.g. Socrates. The 
meaning of the word dialogue in this paper is conferring to a documented method to both think 
and talk together in order to solve problems in a joint manner [8-10]. The idea in this course is 
that dialogue between students is an active method which promotes learning as well as creative 
thinking. In addition general competencies such as teamwork and communication would be 
enhanced. Dialogue thus plays a dual role as an educational as well as a problem-solving tool. 
In order to accomplish a good dialogue we explicitly teach how to use dialogue, which made 
dialogue a course objective the first year. A decision taken later, regarding proficiency levels, 
consider it a method to be used and not a goal in itself. An unexpected advantage was that it 
could be used for assessment, see below. 
 
In figure 1 the difference between discussion and dialogue is outlined according to Olausson [8]. 
The general idea is to be aware that a misunderstanding or a difference in opinions leads to a 
choice. By avoiding debate or compromises and instead go into dialogue the conflict might be 
fruitful. The fundamental parts of a dialogue are to listen openly, await and then speak freely, at 
best elucidating the different person’s perspective leading to something completely new, the 
highest in common. From a learning perspective it would enhance reflection and thus improve 
quality, depth and relevance of what they have learned. 
 

Discussion
Argue to push for your idea

Discuss to search
for a compromise

Dialogue
Explore and think together

Conversation

Misunderstanding
leads to a choice

Await and listen openly,
search for common values

Debate to convince
your opponent

One win, one loose The lowest in common The highest in
common  

 
Figure 1: The difference between dialogue and discussion. From Olausson [8]. 
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To realize dialogue within the course, the weekly four-hour sessions were planned but flexible. 
They consisted of student led presentations of about 5-10 minutes, one per group on relevant 
information for their specific projects, which were followed by group dialogues on the relevance 
of other group presentations to their own project. The session ended by a dialogue on the need 
for new information and on determining who should do the presentation the following week. In 
the meantime time was spent on discussions on how they had fulfilled the course objectives, 
planned group dialogues on reflection and more traditional tutoring of the groups. By planning 
for reflection and evaluation, the learning approach permits reflection in a Kolbian coil manner 
as described by the Cowan model [12]. He suggests three planned reflections; For; to decide 
what the process will be to fulfil learning needs, In the middle to consider how the process has 
fulfilled the aims and On the learning process to decide what has been accomplished and what 
is lacking; with the aim of improving. Our approach permits reflection by dialogue through the 
iterative scheme, implemented every week, see figure 2: 

 

Dialogue 1:
Need for information;

reflection For

Dialogue 2:
Evaluate, how can we improve;

reflection On

Discussion, standpoint:
How the process fulfil the aims;

reflection In

Search for information,
presentation of results

 
 

Figure 2: The iterative scheme of dialogue, which was implemented every week 
 
Assessment 
Assessment was made up of a combination of oral and written examination. To assess whether 
the course objectives were attained, they were displayed weekly with dates on accomplishment 
and checked. One method we found useful was letting students have a group dialogue on 
selection of e.g. tools for lifecycle analysis, listing them and be interviewed on the motivation 
behind the choices. To assess whether the course content and course literature choices were 
done by all, the demand was one presentation per student. The content of the presentations 
was assessed orally and in student reflections every week whether it was leading to fulfilment of 
the course objectives or not. The full course was concluded with a written report and 
presentation of the case studies, assessed traditionally by criticism of the oral presentation and 
report content and form. Guidelines were given in advance. 
 
Based on assessment as described above, we found in almost all cases that the students 
performed very well and the reports were of a high quality. We also found that the large degree 
of freedom may result in a sense of insecurity, which might lead to some frustration. Even 
though “a search in the dark” could be beneficial from a learning point of view, the freedom has 
to some extent to be met by a rich and timely feedback every week. The course objectives were 
then actively used several times and feedback could be linked to them; giving a mix of feedback 
and assessment.  
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It may be worth noted that the assessment only resulted in a pass/non-pass examination. The 
main reason for this was our reluctance to grade individual work done in a group. There are 
numerous examples in literature, for instance by Gibson [13], listing possibilities such as peer 
rating sheets for team members to rate each other, criteria and rubrics for grading and plans for 
multiple assessment points. For the future that may be used for grading, but for the moment we 
concentrate on the course objectives as defining what we think they would need for the future, 
leaving no room for competition or increase of workload for one course. 
 
DISCUSSION 
 
In the course presented here the learning approach was composed of project based learning 
combined with dialogue. The evaluation on how this turned out is based on our perception as 
instructors and examiners, the work and reports produced by students and the results from 
student course surveys.  
 
Student Evaluation 
Course surveys were performed mainly according to Ramsden’s model [14]. The course 
experience questionnaire was used both at the mid-course evaluation at a discussion and at the 
end of course in written form. The five parts of the questionnaire related to the student opinions 
about and suggestions for improvements on the performance of faculty, learning objectives, 
work load, student responsibility and independence for learning and, in the final written 
evaluation, also about assessment. Some comments have turned up every year to a certain 
extent. The students are overwhelmingly positive and in general they identify the course as very 
different. They are satisfied with time for reflection at the same time as some of them want to 
give more presentations. Some interesting opinions on learning have been noted, such as: 
 

- “The learning was large compared to the workload, not 7.5 ECTS credit point’s workload 
but 7.5 points learning!” 
-  “Mental preparation and thinking takes time” 
- “I learned more compared to other courses” 

 
The students are less positive about the statement “teachers supply limits and clarity”, year two 
almost half of the students did not agree. One might see that as an indicator to give more limits, 
on the other hand, it might be a good thing to let the students “search in the dark” for a while – 
to give time to formulate questions. Some opinions about lack of feedback was also stated, 
which is coupled to limits and freedom. Interestingly, the students that enjoy the freedom the 
most also wanted more feedback and limits. Apparently, the overall learning approach works out 
well from the student’s point of view, but the balance between freedom and limits is crucial and 
regular feed-back is important for them to feel confident in this context. Concerning learning of 
the generic competencies, the students clearly state that they have developed in that sense, 
see table 1. 
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Table 1: Student opinion on the development of generic competencies. 
To what extent did you develop: 2002 2003 2004 

More than (+) or less than (-) expected +     0     - +    0     - +     0     - 
System thinking 10          4 17   1    3 11   2    2 
Ability for teamwork 12    2 20         1 14   1 
Communication 13    1 16   3    2 14   1 
Critical thinking 13          1 20   1 15 
Creativity 11          3 17   2    2 9    3     3 

 
 
Faculty’s Reflection 
The use of dialogue and problem-based learning was found useful in this course, dealing with 
the complex and dynamic field of environmental considerations, sustainable development and 
technology. As described, teaching was focused on getting the students forming their own 
representation of the material to be learned. The strong development within the field point also 
at the benefit of a learning approach aiming at student learning for a basically unknown future, 
since right or wrong will be shown in the future [2]. Compared to “traditional” teaching, where the 
instructor can seem to have control on the learning stuff on a detailed level, our students might 
pick up fewer details and concentrate on solving the problem as a whole. However, in a 
traditional situation, even if details are given from the educator, only a few students actually 
learn, remember and grasp them [15]. Other benefits for a learning approach as described here 
are that it is easy to create an atmosphere where students enjoy learning and in addition to facts 
about environmental adaptation, they seemed to develop competencies useful for future 
engineering type of work, such as higher level thinking, trouble shooting, responsibility and 
teamwork. 
 
It was noticed during the course that learning mainly seemed to be perceived by three sources; 
within themselves, from each other and by external information. Faculty was seen as a resource 
for guidance, more of a mental support for feedback rather than a source of information. The 
role we find is in agreement with the findings of Taylor et al. who shows that successful 
coaching encompasses three main responsibilities; mentor providing support by showing the 
way, being there, aware and helpful, mediator being buffer between external reviewers and 
customers and manager guiding the team in both team processes and the design process [16]. 
 
Another reflection to be made is of a more financial character; an upper limit of about 24-30 
students for three faculty members, spending 20% of their time, seem to be realistic, which 
makes the course expensive in terms of faculty member time and the course thus cost about 
10% more than the average course. 
 
The Learning Approach from a Gender Point of View 
More female students than average have chosen the course described here; over the four years 
there have been 42, 36, 25 and 37% female students compared to an average of about 15-20% 
in the programme as a whole. One might see this as an indication of a learning approach that is 
appealing for women. We have not asked our own students yet, but by a comparison to 
literature it seems that our thoughts of dialogue in combination with PBL would suit female 
students as well as male students. Gender-inclusive education is constructed to meet the needs 
and experiences of different students and an interaction characterized by respectful attitudes 
regardless of sex, age, study background or other traits [17]. It is also known that changes 
towards a more gender-inclusive education makes women thrive, but men flourish equally [18]. 
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There have been some Swedish projects devoted to find out tendencies in female preferences 
regarding education [17-19]. A general conclusion was that a co-operative form of work is much 
appreciated, help to create a social environment different from the traditional academic setting, 
and also lead to a deeper conceptual understanding [18]. Some other things that seem to be 
important are a personal contact between faculty and student, feedback, learning assignments 
in touch with real life, comprehensive view in teaching, time planning in project work, 
assessment by production (e.g. a report) rather than reproduction (learning by heart) and the 
use of female role models.  
 
Additionally, there may be a general tendency of female students spending more time than male 
students on group processes [18]. The implication for us would be that an individual assessment 
of group work based on both process and outcome may be better suited for female students. 
 
CONCLUDING REMARKS 
 
The first general conclusion to be drawn is that the learning approach seems to work out well, 
but we have to respect that this type of learning probably was perceived as very different for the 
students compared to earlier courses. Extensive time during the first session seems to be 
needed to prepare students for the new experience and by that adjust their expectations. During 
the annual course development we also maximized to small groups of 5-6 students in order to 
facilitate student group meetings and dialogue. 
 
We also found that a large degree of freedom may result in a sense of insecurity, which might 
lead to some frustration. Even though “a search in the dark” could be beneficial from a learning 
point of view, the increased freedom in learning needs to be met by timely feedback. The 
learning objectives were actively used several times during the course and feedback can be 
linked to them; giving a mix of feedback and assessment.  
 
In this course, the students might avoid go into detail too much and instead concentrate on 
solving the problem as a whole. Statements in the course evaluation showed that students 
enjoyed learning and were learning about what they believed to be necessary for future 
workplaces, such as higher level thinking, trouble shooting, responsibility and teamwork.  
 
It seems, based on the number of female students and a literature survey on gender and 
learning that the learning approach of PBL in combination with dialogue between students 
would appeal to female students. 
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ABSTRACT 
 
As with most engineering schools, the Department of Mechanical and Materials Engineering at 
Queen’s University in Kingston, has a final year capstone design course.  Since 1998, 
capstone projects have involved teams of students working on industry-based problems. This 
paper summarizes the experience of current and past course coordinators with the university-
industry component, comments on how the Conceive-Design-Implement-Operate (CDIO) 
elements of the design cycle are handled, and discusses the implications of the two term 
structure of the course.  The first term course MECH 460 Team Project – Conceive and 
Design is mandatory for all students.  The second term course MECH 462 Team Project – 
Implement and Operate is optional. 
 
 
INTRODUCTION 
 
The final year capstone design course in the Department of Mechanical and Materials 
Engineering at Queen’s University in Kingston (MECH 460 Team Project – Conceive and 
Design) aims to prepare students for the transition to the workforce by allowing them to 
experience ‘real’ engineering work.  Students are expected to apply the skills and knowledge 
learned in earlier courses to an engineering design problem sponsored by industry. There are 
three main requirements: 1) to complete a significant engineering design project that 
addresses the conceive and design elements of the design cycle; 2) to perform the 
engineering work in a professional manner within the constraints of realistic schedules and 
budgets; and 3) to work effectively as part of an engineering design team.  The elective 
course, MECH 462 Team Project – Implement and Operate enables team projects that started 
in MECH 460 to continue on to the implement and operate stages of the design cycle.  A key 
deliverable in MECH 462 is a working prototype, physical mock-up or virtual model of the 
design.   
 
MECH 460 Team Project – Conceive and Design is a fall term (September-December) course 
and is mandatory for all students. MECH 462 Team Project – Implement and Operate is a 
winter term (January-April) course and is optional. Only about a third of the class (40 to 50 
students) elects to continue with MECH 462. 
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COURSE ORGANIZATION 
 
The list of available projects (and their industrial sponsors) is set by the Department before the 
beginning of the fall term. All projects are posted on the course website before the first day of 
classes. Students are encouraged to review this list leading up to the start of the fall term and 
to contact the Course Coordinator if they have any questions. The course website contains all 
relevant information and is meant to be self explanatory. 
 
In order to initiate a proposal, a one or two paragraph description must be sent to the Course 
Coordinator well before the start of the fall term. This proposal usually originates from the 
industrial partner, but students can propose projects of their own, usually based upon their 
summer work experience. The proposal is reviewed by the Course Coordinator to ensure that 
the requirements and expectations of the industrial supervisor match the academic 
requirements of the course. Students are required to work in teams of four, with only one team 
assigned per project. Students have the option to select their own team members.  
 
Before the end of the first week of classes, students are asked to form their teams, review the 
list of available projects and submit a Letter of Intent. The letter must identify, in preferential 
order, the top three projects of interest to the team. The students are informed that the Letter 
of Intent should attempt to justify the projects selected. This can be done by highlighting the 
skills and interests of the team members as well as related work/course experience. The 
Course Coordinator then reviews the letters, and assigns the projects. Teams are assigned to 
projects by the beginning of the second week of classes. 
 
Each project is assigned a faculty member as an Academic Supervisor The faculty member is 
responsible for marking the design proposal and final report, and is expected to meet weekly 
with the team in order to monitor progress and provide advice. The Industry Advisor acts as 
the client and as such the team may also choose to meet with their advisor at a frequency that 
is appropriate to the project. 
 
ASSESSMENT 

Table 1 shows the assessment breakdown for MECH 460. The oral presentations (design 
proposal and oral poster presentation) are marked by several academics and industry 
representatives in attendance. The grade in each case is an average of the marks assigned by 
all the markers in attendance. All the written material is assessed by the Course Coordinator 
or the Faculty Supervisor. The final design report carries the largest proportion for the course 
and has two markers: the supervisor and another faculty member as a second reader.  
 
                 Table 1: Assessment for MECH 460 Design Project – Conceive and Design. 

Item Mark 
Letter of Intent 0 
Design Notebook 5 
Weekly Progress Memo 10 
Oral Presentations (two, progress and poster) 10 
Design Proposal Report 10 
The Poster 10 
Final Design Report 50 
Industry client assessment 5 
Thank you letter to industry client 0 
  100  
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Weekly Progress memos are submitted electronically on the Friday of each week, with the 
exception of the first week (when the Letter of Intent is due) and the last week (when the 
Poster presentations are held). Students are responsible for providing copies of the memos to 
their Faculty Supervisor and Industry Advisor, as appropriate.  
 
Each student must have a Design Notebook that provides a record of their individual notes 
and calculations, as well as a summary of key points and decisions made during each and 
every group meeting. This book must be permanently bound. All pages must be dated as 
notes and calculations should be entered. 
 
FINANCIAL SUPPORT 
 
Materials and Manufacturing Ontario (MMO) is an Ontario Centre of Excellence committed to 
making connections between the best university research and the needs of Ontario industry. 
MMO supports university research in materials and manufacturing, develops partnerships, 
trains qualified graduate students with an industrial orientation, and supports the transfer of 
knowledge and technology to industry. 
 
The MMO Connections Program provides an opportunity for undergraduates in their final year 
in a faculty of engineering or science (possibly in collaboration with students from the business 
school or other faculties) to undertake a research or problem solving project defined by 
industry and of specific relevance to the industrial participant’s needs.  The project should 
broaden the skill set of the students and help them understand; industrial objectives, the 
constraints under which industry operates, and how to conduct research and development in 
an industrial setting. 
 
The support provided by MMO is outlined in Table 2. A base budget for course coordination 
and administration is provided as well as a specific amount for each project. Team projects are 
provided with more funding assuming that these projects will be broader in scope. All except a 
very few MECH 460 and MECH 462 projects in the Department of Mechanical and Materials 
Engineering at Queen’s are group projects with four students. All the amounts listed are 
approximations and the final budget allocated to each project is very much project specific. 
The proposal that each team submits near the beginning of the term includes a proposed 
budget (with justification) for the proposed work. Relatively small budgets are typical in the 
MECH 460 to cover such things as travel to the industrial partners site, long distance phone 
calls, printing and copying. The budgets for MEHC 462 are typically larger given that they 
include prototyping costs such as materials and shop time. 
 

Table 2:  MMO budget guidelines 
Item Budget 

Adjunct faculty for course coordination $15,000 
Administrative staff $5,000 
One person project $500/project 
Two person project $1200/project 
Three person project $3500/project 
Average project expense $1500/project 

 
Financial support from the sponsoring company is usually only provided to build an otherwise 
too costly prototype or if the prototype will be permanently located at the company’s site. 
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SAMPLE PROJECTS 
 
Table 3 shows a list of the most recent projects and sponsoring companies. 
 

Table 3: Companies and Projects in Fall 2004. 
Company Project 

ASK Science Autonomous Fish 
Bosal Canada Manufacture of Muffler  Boxes 
Continental Conveyor Seal Cartridge Assembly 
Decoma Autosystems Xenon Automotive Headlamp 
Energy Depot Integrated Solar Energy 
Enerworks Photovoltaic Powered Pump 
Fuel Cell Research Centre Fuel Cell Powered Golf Cart 
Goodyear Rubber Material Handling 
Hydrogenics Polymer Electrolyte Fuel Cells 
Kilmarnock Machine Noise Suppression 
Knorr Brake MCL Actuator Brake Seals 
KTH Shelburne Inspection of Stamping Operations 
MCW Custom Energy Variable Air Volume Systems 
Millenium Biologix Tube Roller 
Muskoka Renewables Automated Solar Tracker 
Niagara Prosthetics #1 The Niagara Foot 
Niagara Prosthetics #2 The Prosthetic Pylon 
Northern Cables Ventilation Assessment 
Pennsafe Safety Snap Hook Design 
Procter & Gamble #1 Olay Material Handling 
Procter & Gamble #2 Reject Verification Optimization 
Pump House Museum Steam Turbine Demo Unit 
Samui Corp Bicycle Trailer Design 
Shorewood Packaging Auxiliary Driven Oscillator 
Superior Wind Self-Erecting Wind Tower 
Transformix Engineering Underwater Camera 
Van Rob Stampings Wire-feed Speed in Arc Welding 
Waterstick Paddles Performance Canoe Paddles 

 
The sponsoring companies represent a range of manufacturing industries as based on 
economic sector and size of the company.  Some companies sponsor more than one project, 
although the norm is one project per company. 
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Figure 1 illustrates a MECH 460/462 project where the subject was the redesign of safety 
hook.  Pensafe (Welland) as a manufacturer of safety hooks submitted a request for the 
design of a new safety snap hook that could be marketed as a premium hook with improved 
user ergonomics.  In MECH 460, the students designed a hook that operated in an innovative 
manner, theoretically passed all required safety standards and exhibited weight and cost 
reduction potentials.  In MECH 462, a series of plastic physical prototypes were constructed 
using a Stratasys Rapid Prototyping Machine (RPM).  Changes were made to the design to 
further reduce material and weight of the snap hook body and improve the operation of the 
gate keeper and lock lever.   Several design iterations were carried out and a number of 
machined steel prototypes were constructed.  The result was an innovative safety snap hook 
design that passed all legislated safety standards, reduced hook body mass by over 15% and 
showed significant ergonomic improvements over existing designs.  The MECH 462 Gantt 
chart for this project is given as Figure 2.  It is included as an all too rare example where the 
actual project timelines kept pace with the timelines set forth by the original Gantt chart.  

 

Figure 1:  Prototype Safety Hook from Pensafe Project, produced by an RPM 
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Figure 2: Gantt Chart from Pensafe Safety Hook Project 

Figure 3 illustrates another MECH 460/462 project where the subject was the design of an 
automated cartridge assembly machine for Continental Conveyor (Belleville).  The company 
specializes in the manufacture of conveyor products.  Each belt conveyor consists of a flexible 
belt running on multiple rollers.  Each roller houses two bearings, which are protected by a 
seal cartridge which in turn prevents particles from entering the roller.  A cartridge consists of 
four parts:  a metal retainer, a rubber lip seal, an inner labyrinth, and an outer labyrinth.  Each 
cartridge must be lubricated before final assembly.  Currently, the cartridges are assembled 
manually.  The company requested that students investigate the feasibility of automating the 
assembly process. 
 
Figure 3 shows the machine design that was developed by the students in MECH 460 for the 
Continental Conveyor project.  In MECH 462, two prototypes were constructed.  Figure 4 
illustrates the physical prototype that was constructed for the loading mechanism.  An 
animated SolidWorks virtual prototype was constructed of the entire machine to verify 
operations.   
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Figure 3:  Final Design for Cartridge Assembly Machine from Continental Conveyor Project

 
Figure 4:  Prototype of Loading Mechanism for Continental Conveyor Project 
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The third example project to be presented illustrates that not all MECH 460/462 design 
projects are not product or “widget” design oriented.  The industry sponsor was Hydrogenics 
(Toronto).  The project objective was to design and commission a new testing apparatus that 
could be used to evaluate components of a Proton Exchange Membrane (PEM) fuel cell.  The 
transport processes in the Porous Transport Layer (PTL) in this type of fuel cell are not well 
understood.  Figure 5 illustrates the test apparatus that was designed and constructed for this 
project.  The design for this permeability testing apparatus was based on a CFD analysis 
conducted by the students.  It was found that the apparatus could successfully characterize 
the PTL properties with respect to fluid flow and it also illustrated the unique mechanical 
properties of the PTL.  
 

Figure 5:  Test Apparatus for Hydrogenics Fuel Cell Project 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4 lists the internal design team sponsored projects.  In some cases the entire Queen’s 
team will form the MECH 460 or MECH 462 project team.  In other cases, when the Queen’s 
team is quite large, the MECH 460 or MECH 462 project team will be a sub-set of this group 
working on a specific sub-system design.  These projects do not receive any MMO funding. 
 
Independent of the nature of project’s sponsorship, each group is required to produce a poster 
to summarize their project at the conclusion of MECH 460.  An example is given as Figure 6.  
This poster is presented as part of a “project fair” that is organized at the end of term.  The 
industry clients act as judges in this event. 
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Table 4: Competition Teams and Projects in Fall 2004 
Team Project 

Queen's Aerodesign Pod Aerodynamics 
Queen's Mini Baja Drive Train Design 
Queen's Formula #1 Chassis Design 
Queen's Formula #2 Suspension Design 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Guidelines for Industry Based Projects 
 

 
Figure 6:  Sample MECH 460 poster 

There is no simple template for successful industry sponsored final year engineering design 
projects. There are too many uncontrollable (or at least poorly controlled) variables. Not the 
least of which is the interaction of a group of individuals. However, experience has shown that 
there are several key characteristics that are common in projects that otherwise appear quite 
different which can lead to a successful or unsuccessful project. 
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“Good” and “Bad” Project Characteristics 
Some general characteristics that can be used to define “good” and “bad” projects are listed 
and described below. 
 

Problem definition: The scope of the project must be appropriate for the level of 
experience of the students involved and there must be a clear design component. 
Projects that expect too much of the students or projects that are investigative rather 
than design oriented should be vetted by the course coordinator or modified by the 
industry advisor proposing the project. The exact project scope in each case may be 
difficult to define at the beginning of the project given the broad range of companies 
involved. However, experience has shown that the project scope should include a clear 
list of expected outcomes and that this is a useful guide when determining the level of 
experience required of the team. Often the project scope is used more as a guide than 
a prescriptive outline and can be modified as the project progresses. The more detail 
included in the problem definition, the higher the likelihood of success for the project, 
regardless of how much the project scope changes during the actual project. 

 
Team dynamics: The way in which the team of students works together will play a large 
role in the success of the project. This aspect of the project cannot be predetermined 
completely, but given the chance to choose their own team does allow students the 
opportunity to work with a group of peers who are well aware of each others 
personalities. Expected levels of cooperation, enthusiasm, commitment and the 
relevant skill sets are most often known within the group from the outset. Counseling 
from the academic supervisor or course coordinator in this regard can also be helpful 
(see below). Assuring that the team members have clearly defined tasks and 
responsibilities throughout the term of the project also helps maintain a good team 
dynamic. Particular roles and responsibilities for each team member may change 
during the project in order to give participants experience with different tasks. 

 
Industry advisor support/guidance: Support and guidance from the industry advisor is 
critical throughout the project. Regular communication (see below) between the 
industry advisor and the student group is essential. An alternative industry contact 
should be available if the project requires input from others within the organization and 
in case the primary contact person is unavailable due to travel or illness. A high level of 
commitment to the project must be acknowledged by the industry advisor. A clear 
understanding of the course objectives (a useful learning experience, not a consulting 
job) by the industry advisor is also needed. 

 
Academic supervisor monitoring: The academic supervisors involved in the projects 
must take an active roll in guiding the students through the process. It is not necessary 
for the academics to contribute to the design work. In fact, it should be discouraged 
other than offering constructive criticism and directing students to where they can find 
more information. The role of the academic supervisor should be to keep the project 
moving forward by reminding the students of the scope, objectives and timetable. 
Students typically work to weekly deadlines. Without regular reminders of the tasks that 
need to be accomplished over the course of a term, a team can quickly find themselves 
behind schedule and not able to successfully finish all the original objectives. 
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Communication between all involved: This aspect of the project cannot be overstated. 
Only through regular interaction between everyone involved will projects come to a 
successful conclusion. Time and again projects with a well defined scope, good team 
and well meaning supervisors will not reach a successful conclusion because there 
was poor communication between the parties involved. The different people involved 
may start out with different expectations regarding the project objectives, the timetable 
or the overall scope. Only through regular communication of all aspects of the project 
and the decisions that are made during the term will a project stand any chance of 
success. 

 
Finally, it should be noted that good projects can go bad for any number of reasons and 
projects that look rather bad from the outset can end up being good. However, the underlying 
course objective is to provide the students with a useful learning experience in regard to 
conducting themselves in a team effort to achieve a design goal. Regardless of the final 
outcome, be it a complete working prototype or an incomplete set of engineering drawings with 
no clear relationship to the original project, if the students have learned something about the 
process (what makes it work, what makes it not work) the project is a success. 
 
Some Helpful Hints 
Some hints that may assist others who are contemplating starting this kind of course or who 
are currently offering a similar course are stated briefly here. Start early looking for industry 
sponsors for each year’s new crop of projects. Do not hesitate to recycle projects that worked 
well in previous years (with a slight modification of the problem definition or objectives possibly 
being necessary). Regular communication between the students, the academic advisor and 
the company supervisor is essential. A strong “buy-in” from all people involved is required. 
Multi-stage and multi-faceted projects are a good way to train students in the art of multi-
tasking and may help in avoiding an all-or-nothing conclusion at the end of the project. Provide 
the time and the mechanism for rapid and effective communication between the industry 
supervisor and the academic advisor during the evaluation of the projects. Provide a 
mechanism for providing useful feedback to the students.  
 
CONCLUSIONS 
 
There is no easily defined formula for success when running a final year capstone team-
based, industry-sponsored design course. Experience has shown that a clear problem 
definition, good team dynamics, strong industry advisor support, regular academic supervisor 
input and ongoing communication between all parties involved should result in a successful 
project. Failure of the project or group of people involved to meet any or all of these 
performance objectives does not necessarily mean a project will be a failure. When 
considering the broad course objectives (a positive learning experience) the most important 
part of the course is the feedback that the students get based on their performance during the 
project. The assessment mechanisms built into MECH 460 and MECH 462 are meant to 
provide this feedback to students and hopefully provide everyone with as positive an 
experience as possible. 
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ABSTRACT 
 
CDIO based courses have traditionally been implemented into education programs with 
predominatly mechanical, aeronautics and electrical/physical content. However, improved 
engineering skills are needed also in other engineering study programs, such as those 
emerging in biotechnology. The previously developed CDIO-courses (themes) at Linköping 
University, that are primarily intended for the Applied Physics and Electrical Engineering 
program, constitute today the platform also to these other study programs at the university. 
 
The bioengineering program named “Engineering Biology” at Linköping University, Sweden, 
with focusing on bioprocessing, biomaterials, molecular biotechnology and technical 
biomedicine, introduced recently a CDIO-project course during the second semester of the first 
study year. The intention is now to continue with a similar program development also during the 
3rd and 4th study years; prior to the diploma (i.e master) thesis work and we hope this 
traditionally science oriented program in due time will be pervaded by the CDIO engineering 
approach. The contents in the first year five weeks full time project is a combination of traditional 
engineering exercise and modern biology/chemistry with strong emphasis on biotechnology and 
chemical engineering. Each student group is up to seven participants, and the newly developed 
projects include themes such as synthesis of nanoparticles with concomitant testing in a sensor 
application, acquisition and analysis of bioelectrical signals from the turtle heart, and 
visualization of differently colored culture or tissue cells. 
 
The teaching staff is mixed with members from both the technical and medical faculties. As this 
is the first time the combination staff be used all teachers are unexperienced in this type of 
collaborative work. Therefore, internal education (course in the LIPS model) has been offered 
prior to course start to all personell. 
 
KEYWORDS: 
 
CDIO, DBT course, bioengineering, engineering education, project course 
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INTRODUCTION 
 
The course and teaching tradition in electrical, mechanical and aeronautics engineering 
programs has always been project oriented with emphasis on problem solving by mathematical, 
computing and other engineering tools even though there is today a need to reinforce the 
engineering aspects. In the new engineering field of bioengineering different traditions from 
science and medical educations must be combined into the need of engineering. There is an 
obvious risk that students from these engineering programs will be looked upon as students 
from programs without engineering skills and mistakingly be excluded from engineering 
positions.  
 
The management board of the study program “Engineering Biology” decided to examine the 
CDIO Inititive [1] closer and especially the developments made within the Applied Physics and 
Electrical Engineering Program at Linköpings University. The Applied Physics and Electrical 
Engineering Program has since its start in 2000 been one of the early collaborators in the CDIO 
Initiative. This is also the reason to why the Engineering Biology board has chosen to adapt 
some of the CDIO concepts in their study program. To the best of our knowledge, this 
bioengineering oriented program is the first of its kind to adapt the CDIO syllabus. 
 
THE CDIO INITIATIVE 
 
The CDIO Initiative was started in 2000 with four participating universities in Sweden and USA. 
During the project other universities has jumped on the wagon and a list of the participants can 
now be found via the CDIO web site. The CDIO syllabus [2] and the CDIO Standards [3] are two 
basic documents for the development of the engineering programs. .  
 
ENGINEERING BIOLOGY PROGRAM 
 
The Engineering Biology Program was developed and set up during 1992-1993 and the first 
group of students was admitted in fall 1994. In the very start we admitted 30 students annually 
but since 1999 this number was raised to 60 students per annum. The course content and 
specializations during the 8th semester (profiles) are shown in Figure 1. The nominal study time 
is 4.5 years, corresponding to 180 units, i.e 40 units/year. Each unit corresponds to one week 
full-time workload. 
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 Electrical Circuits 3p
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Figure 1. Curriculum for the Engineering Biology Program 2005 
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OVERALL CDIO IMPLEMENTATION IN THE STUDY PROGRAM 
 
The first step in the implementation of the CDIO philosophy into the program was the decision to 
develop a first-year introductory course, “Engineering Project”. The previous introductory course 
was largely lecture based with the aim to orient the newcoming students to the bioengineering 
area. As the program of Applied Physics and Electrical Engineering recently developed a similar 
course to their newcomers, their course was used as a template and starting point for our new 
course [4]. The challenge was to develop projects with elements of conceive, design, implement 
and operate within the classical subjects of biology and chemistry, with teachers from medical 
and science backgrounds. 
 
The learning objectives in the course is to relate basic concepts in physics, chemistry and 
biology to practical engineering, to develop the understanding of engineering at large and how 
the work is performed, administration, project planning, personal communication, 
documentation, project management, oral/written presentation of project results and finally, to 
contribute to and share responsibilities as a member of a team.  
 
The course consists of lectures related to the project type of work (i.e. organization of work), 
lectures related to the individuals role as engineer, and theory of the project in itself. The 
complete course syllabus can be found on the web site of the program 
(http://www.lith.liu.se/sh/civing/index.html). 
 
The first year four projects were run within the course. Each of the four projects had a customer 
(professor) who defined the project technical requirements (order). A course assistant 
performed the teaching and assisted the students in the practical laboratory work and assisted 
in the solving of everyday expected/unexpected practical problems. The core student groups 
consisted of up to 7-8 participants per group. Students took voluntarily different rolls such as 
project leadership, computing, chemical/biological experiments, statistical analysis and 
authoring.The project leader was responsible for the final delivery to be made in due time. 
He/she was also the one person that negotiated with the customer regarding changes in the 
original order because of practical hindrances and time shortage. 
 
All staff members involved in the projects must prior to start be educated in the project model, 
LIPS, a project steering model used at Linköping University. LIPS was developed especially for 
the DBT (Design-Build-Test) courses [5]. The students were supposed work approximately 20 
hours per week during a 10-week course period. The result from the projects were presented in 
a written report that was delivered to the customer and gave an oral presentation on a project 
conference. 
 
The next major step in the implementation of the CDIO syllabus will take place the 
reorganization of courses during the 4th study year. During fall 2005 the project courses in the 
Engineering Biology specializations (profiles) will be transformed into DBT project courses, 
using the project management model LIPS. This is expected to become an iterative process, 
which is both possible and necessary as the 4th year student groups have yet not been exposed 
to the CDIO Initiative. The current 4th year specialization courses will be Project in 
Bioinformatics, a Biomaterials Project, and a Bioprocess Engineering project. Before the start 
the teaching staff will, again, be requested to follow a seminar on the CDIO Initiative, and 
especially focus on the concepts of DBT courses. Most of the present projects contain parts of 
the concept but not fully in detail. For instance, the sizes of the student groups must be changed 
to suit the project work model. Until now the specialization project groups on the 4th year consist 
of maximum two students and this number must be increased. Sometimes the projects actually 
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are parts of a bigger project and in such cases the projects can easily emerge into one larger 
project. To assist in this development, the teachers will be offered a LIPS course where they, in 
a way similar to the students course will be exposed to and develop their own course and the 
project tasks. Such courses will be carried out during spring semester 2006.  
 
A forthcoming challenge for the management board of Engineering Biology is to re-design the 
third study year of the program. The board must decide on which course in the syllabus of the 
program that will be exchanged for another DBT course. Since all higher education in Sweden 
will be changed according to the Bologna declaration, like all european education, the board 
decided to wait for further governement instructions before final planning of the details.  
 
During the planning process of the first year course it was pleasant to observe the enthusiasm 
and the abundance of project proposals in the bioengineering area. Below follows a short 
description of the current projects carried out spring 2005. 
 
Nanoparticles for Sensing Purposes in Car and Fuel Exhaust Gases  
SiC-FET sensors have been developed in the sensor centre S-SENCE during approximately 10 
years, for use in hot and corrosive enviroments such as fuel exhaust gases. Today’s sensors 
are sensitive to hydrogen, ammonia, hydrocarbons and to a certain extent carbon monoxide. 
Increased selectivity is, however, needed for the realization of a sensor array to be used in 
simultanous detection of single gas components in car- and smoke exhausts. Nanoparticles 
made from pure metals and metal oxides can be taylormade to assist in molecular selectivity. 
The chemistry department conducts since a number of years research in the area of 
nanoparticles, and knowlewdge exists about several particulare systems and their synthesis 
methods. In the present project, the nanoparticles will be synthesized and tested as sensor 
array materials aimed for “On Board Diagnostics” (OBD) detection. One example of OBD is a 
carbon dioxide sensor placed in the exhaust gas after the car exhaust catalyzer, and the 
information will be continuously displayed on a screen inside the car.  
 
In the present project nanoparticles will be synthesized of titanium dioxide (TiO2), impregnated 
with platinum (Pt), and finally become coated with a gas sensitive condenser layer made of 
silicon carbide (SiC). The particles should thereafter be mounted and their sensitivity regarding 
H2, NH3, “HC” (i.e. different hydrocarbons), CO and NO tested at 300oC (relevant for diesel- and 
smoke exhausts) and at 500oC (relevant for gasoline exhaust). The sensitivity should be 
compared to presently existing exhaust sensors at S-SENCE. 
 
Acquisition and Analysis of Bioelectric Signals from Turtle Heart 
The development and commercialization of new drugs by the pharmaceutical industry is strictly 
governed by the International Conference guideline on Harmonization on Safety Pharmacology 
Studies for Human Pharmaceuticals. The ICH guideline provides a framework for the core 
physiological systems and parameters of the cardiovascular, respiratory and central nervous 
systems that are to be evaluated for each new compound. Beside those listed in the ICH 
guideline, new parameters are constantly under consideration in order to improve the safety of 
newly developed pharmaceutical compounds. In 1997 the European Medicine Evaluation 
Agency (EMEA) issued a memorandum concerning the assessment of the potential for QT 
interval prolongation by non-cardiovascular products (Picard and Lacroix, 2003). Screening of 
alterations in the QT interval is now routinely performed by pharmaceutical companies. The QT 
interval is a measurement of the period from the earliest activation of ventricular cells to the 
completion of their recovery (repolarization) and can be obtained from standard 
electrocardiograms. Lengthening of the QT interval is a feature of some cardiac drugs (class III 
anti-arrhythmics) but also of some drugs used for the treatment of non-cardiac diseases. 
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Lengthening of ventricular repolarization is a serious medical problem that can lead to fatal 
arhythmias and sudden death. Manual measurements of the QT interval has been associated 
with problems of reliability and inter-observer variation (Murray et al., 1994) so automatic 
processing is preferred and different algorithms have been proposed (Laguna et al., 1990). The 
project is aimed at the design and implementation of an off-line software tool to estimate the 
standard cardiac interbeat (R-R) and intrabeat intervals (P-R, Q-T) that could be of potential use 
for the screening of QT lengthening effects of pharmaceutical compounds. 
 
The Morphology and Cytoskeleton of Cells 
Cell biology offers many exiting technical challenges to the engineer. In order to be able to 
safely diagnostisize and to perform advanced medical research it is in today’s healthcare 
necessary to collect tissue- and cell samples at the clinic and analyze them at specific 
laboratories because many of the samplings contain cells and sub-cellular components too 
small for the detection by the naked eye, 0.1 mm. In addition, materials with biological origin is 
rapidly degraded by proteolytic activity outside its physiological milieu. This is a big problem as 
the intention is to preserve intact samples for a later analysis. It is therefore common pratice to 
chemically crosslink the biological samples when collecting them at the clinic or laboratory. This 
facilitates the evaluation of the cell- and tissue samples at a later stage. In addition to 
magnification contrast enhancement is needed for many molecules and structures. One 
example of the latter is the cytosceleton. A common means to contrast enhancement is the use 
of optical methods and more or less specific molecular markers. Sample coloration, light 
microscopy, photography and image processing are then common steps during the analysis. 
One problem is, however, that the image processing software companies often locks the 
software to their own standards in specific instrumentations with a defined image format. The 
possibility to evaluate raw data by the use of free software is desirable, especially as the 
instrumentation often is heavily booked. The aim of the present project is to handle clinically 
obtained and prefixated patient tissue- and cell samples and to optimize cytosceletal and cell 
morphologic optical measurement methods with improved image processing at external working 
stations by the use of freeware. The results will be used to find disturbances in the patients 
cytosceletal functions.  
 
Weather Observation and Forecast Station at LiU. 
Throughout the cumbersome history of man, different more or less successful approaches have 
been used to predict the next days or seasonal weather. However, we have only lately obtained 
science based methods to make reliable future predictions, forecasts. This is largely due to an 
efficient data production, collection and increased computing capacity. Weather forecasts are 
today extremely important in air trafficing and sea transportation, but also to other societal 
groups such in farming, touristing and merchandise. The yesterdays and tomorrows weather is 
also of interest to the ordinary citizen and is often discussed e.g. during coffee breaks and other 
social occasions. In order to make good predictions, reliable weather observational data need to 
be collected with a variety of meteorological instruments. By using these in combination with 
advanced computing and a proper physical model which describes the athmospheric 
movements, forecasts can be made for the forthcoming days. Hopefully the present 
predictability is better than that of a passive prediction only, saying that the weather of tomorrow 
is within 60% certainty like the weather of today.  
 
The aim of the present project is to learn to collect weather observational data and to make 
weather forecasts based on these data. For this purpose, we have placed a number of weather 
observation sensors at the Physics Department roof at LiU. All data are collected in a lap top 
PC. By using the graphical computing language LabVIEW the sensor data can be used and 
translated to physical entities such as air temperature, air pressure and wind speed. 
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The weather forecasts and long term weather stastics will be presented in a graphically 
appealing and easy way. We also hope this weather station will be used as a reliable local 
weather forecast facility easily reachable via the Linköping University web-site. 
 
So far the students have been very pleased with the course and the CDIO Initiative though there 
are some minor things to improve. One is to change the project “Weather observation and 
forecast station at LiU” to a project more related to biology and chemistry. The students who 
performed this project are a little dissapointed in the weak connection to their program. 
 
The Engineering Biology Program is in Accordance with the CDIO Engineering Approach 
 
The board of Engineering Biology has recently carried out a survey to alumni and will use the 
result in the process of redesigning the program. The result supports the effort to strengthen the 
engineering identity and to implement skills that was asked for [6].  
 
Earlier smaller inquiries have been done concerning the content in the physics and the biology 
courses. The result from these were that the courses must get an increased element of 
technical application as well as the techniuqes being taught. This was especially important for 
the courses in biology. 
 
All these results together with the basis from the work that has been carried out in the 
developing process of the Applied Physics and Electrical Engineering Program further inquiries 
will be done [7]. During the autumn 2005 a curriculum benchmarking will be carried out and 
nessecary changes executed [8]. 
 
The effort of educating teachers in the LIPS model and about CDIO will continue and one of the 
most important issues is that teachers in science and the teachers from the medical faculty 
participate in this to connect their subjects with engineering concept.  
 
CONCLUSIONS 
 
The CDIO Initiative offers the tools to develop the curriculum of the Engineering Biology 
program at Linköping University. It is obvious that the concept can be used in non-traditional 
engineering areas where the “product” is somewhat different compared to electrical and 
mechanical engineering. The Engineering Biology program redesigning process has involved 
many members of the teaching staff and the collaborations between different departments and 
even faculties has increased markedly. Some of the skills asked for by the alumni and 
stakeholders can be brought to students an increasingly realistic way. 
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ABSTRACT 
 

A general evaluation of any education shall be based on the educations ability to meet defined 
goals and objectives.  If such an evaluation is performed continuously it can be viewed as a 
relative quality measure. A main task when evaluating the whole education will be an evaluation 
of the individual courses. This may comprise of several parts: A lecturer evaluation/report, a 
student evaluation/report of the course and the lecturer(s), the number of students having 
passed the course, the grade average and the distribution of the grades. 

 
At DTU (The Technical University of Denmark), students have for more than 10 years been 
evaluating the courses they attend. During the last 5 years, this evaluation has been completed 
electronically as an integral part of our CampusNet computing and course administration system. 

 
At the MEK department we have a study board in charge of all our educational activities. One 
obligation is – two times a year – to go through in detail the evaluations for each of our 100+ 
courses and for each of the 50+ lecturers. A rather tedious job, where the outcome seldom 
justifies the resources spent. 

 
The electronic version has opened up for further analysis of the evaluation data and extraction 
of important information; this will be the main focus of this paper. In the evaluation of courses, 
the students are given seven different questions and for each question they can select between 
5 different answers. Each answer is given a certain weight, and by summing up the weights for 
the selected answers and making an average over all the students, each course obtains a utility 
value. A similar set of questions and answers exists for all course lecturers.  

 
Sorting the utilities for all courses and also for all lecturers reveals some interesting cumulative 
curves. One obvious result of the analysis is the possibility to identify both good and bad 
courses and lecturers. Though, in most cases the analysis only quantifies what is already well 
known, it is important in particular to carefully search reasons for low values of the utility. There 
are a large number of reasons for poor performance and we have seen excellent lecturers 
obtaining poor evaluations due to circumstances out of their control. On the other hand, with the 
analysis at hand, it is much easier to focus on specific needs for improvement. The effect of 
‘chasing the bad performance’ over the past few years will be shown. 

 
 

† Corresponding author:  
Phone: (+45) 4525 4154, Fax: (+45) 4593 5215, E-mail: Niels.Houbak@mek.dtu.dk 
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INTRODUCTION 
 

At DTU we have 2 separate engineering educations: a three and a half year Bachelor of 
Engineering (Diplomingeniør) and a five year Master of Science in Engineering (Civilingeniør). 
Both of these are divided into different disciplines (Electronics-, Chemistry-, Mechanical- Engi-
neering, etc.). In total there are 7 disciplines in the Bachelor program and 12 entry disciplines 
and 16 exit disciplines in the Masters program. All in all DTU offers more than 900 courses for 
the whole curriculum. The reason for this huge number of courses is that we at DTU put 
emphasis on giving the students a high degree of freedom in their selection of courses for 
shaping 'their own' education. 

 
This large amount of courses also leaves us with the problem of assuring the quality of the 
individual courses. This is not an easy task. Over the years different approaches have been 
taken: Approval of each course by either collegial boards or by the central administration, 
imposing drastic cuts in resources to certain areas, monitoring the number of students attending 
the courses, hearing of students in the collegial boards, accepting complaints from students, 
questioning attending students about the courses etc. etc. 

 
During the last 10 to 15 years all students attending a course have been asked to fill out a 
questionnaire anonymously at the end of the course. At first, the intention was to obtain feed-
back on the course format from the students to the lecturer such that improvements could be 
made the next time the course was run.  

 
Since the very beginning, the questionnaire has had a standard format of 3 sections: section A 
for evaluating the course, section B for evaluating each lecturer involved in the course, and sec-
tion C for making verbal comments, criticism, and suggestions for improvements. 

 
The academic year at DTU is divided into two terms (fall and spring term). Both terms consists 
of three sections: a 13 weeks section for lecturing, a section lasting approximately 10 working 
days with exams, and finally a 3 weeks section for whole day activity courses. Thus, the course 
evaluation is all in all done 4 times pr year (at the end of each 13 weeks period and at the end of 
each 3 weeks period). 

 
In the first many years, the lecturer was responsible for handing out the questionnaire, collecting 
the answers, and evaluating the evaluations. Condensed results were then typically shown to 
and discussed with the students during the last lecture in the term. Only the lecturer had access 
to them afterwards.  

 
At a certain point in time, the questionnaires were compiled in electronic form and today these 
have become an integral part of our CampusNet. This has resulted in electronic access to the 
data and that the data no longer are the lecturers ’property’ only. The course evaluations are 
now made available also to the study board, and thus used more actively than previously. Also, 
the active use of the evaluations has made it possible to use these as a general quality control 
of the courses and for identifying problems to be solved in due time.  Problem solving initiatives 
can be assisting the lecturer with ideas to reshaping a course, or if the facilities are inadequate 
to update these. It is important to emphasize that staff decisions never will be executed on the 
basis of course evaluations alone.  In a long-term perspective, these may of course be used in 
forming a complete a picture. 

 
 

 



THE QUESTIONNAIRE 
 

Section A of the questionnaire contains the 7 questions, see appendix A for details, to each of 
which the student must select among 4 or 5 possible answers.  The questions are: 

1. Are the prescribed course prerequisites adequate? 
2. How is the course material? 
3. Is the form of the course adequate? 
4. A standard course has an average workload of 9 hours pr week; how much time did you 

spend? 
5. How many lectures did you attend? 
6. What is your general satisfaction with the course? 
7. For courses taught in English; did this influence your outcome? 

 
Among these questions the student satisfaction with the course (question 6), satisfaction with 
the form of the course (lectures, exercises, experiments, homework) (question 3), and course 
material (question 2) are considered the most important.   

 
Similarly, the questions for section B, evaluation of each of the lecturers involved in the course 
are: 

1. How did the (named) lecturer present the subject? 
2. Is the lecturer inspiring? 
3. How did you experience the dialog/cooperation with the lecturer? 
4. How is the lecturer as supervisor? 
5. For group works; did you receive criticism for handed in exercises during the course? 

 
The aim again is to obtain relevant subjective information in an objective manner. In most cases 
there are 5 possible choices for the answer, graduating the student experience from very bad to 
very good.  The first four questions have been given almost equal weight whereas the last has 
been given only half weight compared to the others. 

 
In Section C of the evaluation the student can give a written personal evaluation of the course. 
Each student may express his/her impression by writing an immediate response to the sub-
fields ‘I appreciate’, ‘I criticize’, and ‘I suggest’. 

 
When the students have submitted their answers to the questionnaire, these are in a 
spreadsheet format prepared by the central administration made available to the study boards 
for examination. 

 
 

WEIGHING QUESTIONS AND ANSWERS 
 

The objective of establishing a formalised procedure for evaluating the course evaluation is to 
present a single number (we call it utility) that extracts the essence of the student’s assessment 
of the quality of the course and a single number describing the quality of the lecturer.  These 
two numbers allows the study board to rank the courses and lecturers faster and more 
objectively and thus focus on where to improve.   

     
The benefit of the formalised procedure is, above all, to assure that the metric of priorities 
remain consistent throughout the examinations of the evaluations.  This was not the case earlier 
when the examinations were performed manually.  Secondly, in the establishment of the 
formalised procedure fruitful discussions of the importance, implications, and relevance of the 

 



individual questions and answers in the questionnaire are initiated.  Clearly, it becomes visible 
that not all questions are equally important and meaningful in conveying knowledge on the 
quality of the course and the lecturer; neither are the possible answers. 

 
To establish the weighted average (that is the utility) of the course evaluation requires first a 
definition of the utility of the possible answers the student can select among for the individual 
questions.  The principle here is first to assign a value of 10 to the most preferred answer and a 
value of 0 to the least preferred. The possible intermediate answers are assigned a value 
between 0 and 10.  This phase gives a more clear understanding of possible ambiguities in the 
predefined answers.   

 
Table 1 shows the assigned utilities to the individual possible answers.  The detailed arguments 
for assigning the utilities will not be given here.  Only is it noted that it is preferred that the 
student uses more time than prescribed compared to less.  

  
As already mentioned not all questions are of equal importance in evaluating the quality (the 
utility) of the course or the lecturer. To establish the complete evaluation of the questionnaire 
the utilities from the answers are weighed according to an assessed importance of the individual 
questions.  The weighing factor on the individual questions is between 0 and 1, and the sum of 
these weights is 1.  

Table 1: Utility values for the different possible answers in Section A 

1 Prerequisites Too many Suitable Too few None  
  4 10 0 10  

2 Teaching 
material Very bad Bad Acceptable Good Very good

  0 2,5 5 7,5 10 
3 Form Less suited Reasonable Well suited   
  0 5 10   

4 Time 
consumption Much less Less Normed More Much more

  0 4 10 8 3 
5 Participation 0-25 26-50 51-75 76-100  
  0 2,5 7,5 10  

6 Satisfaction Very small Small Acceptable Much Very much
  0 2 6 8 10 

7 English Very negative Negative Not influenced Positive Very 
positive 

  0 5 10 10 10 
 
In section A it has been decided that course satisfaction (q. 6), teaching form (q. 3) and course 
material (q. 2) are the questions that carries most information of the quality of the course.  Each 
of these has therefore been given a weight in the interval from 0.2 to 0.3. The remaining 
questions have been given a weight between 0.05 and 0.1, except for teaching in English (q. 7) 
that has been given a weight on zero because presence of foreign students requires this. 

 

 



Table 2: Utility values for the answers to section B. 

1 Presentation Very bad Bad Acceptable Good Very good
  0 2,5 5 7,5 10 

2 Inspiration No Only little To some extent Yes Very much
  0 2,5 5 7,5 10 

3 Dialog, 
Cooperation Very bad Bad Satisfying Good Very good

  0 2,5 5 7,5 10 
4 Supervision Very bad Bad Satisfying Good Very good
  0 2,5 5 7,5 10 

5 Criticism of work No Only little To some extent Yes Very much
  0 2,5 5 7,5 10 

 
Table 2 gives the utilities of the evaluation of the lecturer as a linear scale for all choices of 
answers.   

 
All questions except the last one have been given an almost equal weight.  The last question 
has been given a weight on 0.1 to reflect that this is not relevant for all courses. 

 
THE UTILITY EVALUATION 

 
The resulting utility of the course evaluation in questionnaire section A and B can now be 
established as the weighted average of the utility of the given answers.  This is done simply by 
calculating the expected utility for each question and subsequently multiplying this value by the 
weight of the question and summing up over all questions in each questionnaire.  The result is 
the Utility value for the particular course or lecturer.    

 
No special account has been made for students refraining answering specific questions.  Any 
reason for doing so is unknown and it is difficult to formulate a rational procedure for this.  As 
already described, students specific critics may be given in writing in questionnaire C. 

 
The Utility value will be in the range from 0 to 10 and in most cases between 5 and 8 to 9. It is 
important to notice, that the obtained Utility is an indicator and shall, like the impreciseness of 
the answers, not be considered as some kind of absolute truth! Very similar to the grades we 
give our students. Our use of the resulting ranking provided by the Utility measure has been to 
quickly identify excellent and bad courses/lecturers (high or low Utility). Previously, a detailed 
examination of all the answers to the questionnaires was performed when the study board of the 
department at semester end evaluated the lecturing. This tedious procedure has now been 
eliminated since we now primarily concentrate on the courses/ lecturers in either end of the 
ranking. In many cases acceptable reasons for extreme Utility values could be found: 1. Only a 
few students (< 5) actually filled out the questionnaire, 2. The lecturer had only a few lectures on 
the outskirts of a course, or 3. For some reason a lecturer was asked to take over a courser as 
part of a “rescue operation”.  

 
It is our experience, that the same lecturer participating in different courses may obtain very 
different Utility values for his/her effort. Also, from year to year a course and a lecturer may 
obtain rather different evaluations. In general, however, we observe a rather limited variation of 
the ranking of lecturers and courses.  Therefore, if we find that the same course or lecturer gets 

 



rather low ratings year after year, benefits to both lecturer and students can be obtained by 
digging into the problem and understand reasons for this. 
 
CUMULATIVE CURVES 

 
Further processing of the Utility data provides interesting information. With a range of the Utility 
value between 0 and 10, this interval can be subdivided to plot histograms of the Utility value. 
Similarly, the cumulative curve is quite illustrative, where we plot the share of the courses that 
has a Utility value less than a particular value,. This is done as well for the lecturers. 

 
Figure 1 shows examples of such curves for both MEK courses and MEK lecturers.   A specific 
course or lecturer is plotted into the cumulative graphs thus marking the relative performance of 
the specific course/lecturer. Each lecturer will get these curves for his/her own course(s). 
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Figure 1: Top left: Cumulative distribution for course evaluation.  Top right: Cumulative 
distribution for lecturer evaluation. Bottom figures show the corresponding histograms. 

The dots represent the ranked location of a course and the corresponding lecturer at MEK. 
 

With nearly 100 courses offered by the department, these curves are very good indicators, both 
absolutely and relatively from year to year, on the general performance of the lecturers and the 
students attitudes towards the courses in general. Naturally, it is desirable to have a very steep 
curve located as long as possible to the right on the graph; in reality, this need not be obtainable. 
The shape of the curves may also differ from semester to semester, and the evaluation of the 3 
weeks period with whole day activities is very different from the ordinary 13 weeks period with 
lectures. 

 
 
 

 



RESPONSE TO LECTURERS 
 

The department study board sends out the cumulative curves described above to all involved 
lecturers. The board also uses this information to study in detail the evaluations of both courses 
and lecturers in either end of the cumulative curves. In cases, where the board finds it 
appropriate to recognize an outstanding (good or bad) performance a formal letter is submitted 
to the person(s) in question.  

 
A good performance is appraised whereas a bad performance is notified with the question: 
“What can be done to improve the situation?” It is our experience in most cases, that the person 
in question actually is doing something about the problem. Possibly, this situation can initiate a 
dialogue on how to improve the teaching or maybe a discussion on how can this course be 
given in the future for the better of both students and lecturer. Maybe the lecturer needs a 
pedagogical course himself (or a CDIO-training workshop). Poor performance can only be 
solved by an increased focus on the problems and since dialogue is the tool for this, the relative 
course/lecturer evaluation is a good starting point for these discussions. 

 
It is to be noted, that the communications on poor performance is not supposed to contain any 
threats like: “You will be fired if you don’t …”. On the other hand it is clear that a lecturer not 
being responsive at all to reasonable and well founded criticism from both several students and 
the study board may have a shorter career. It is though the experience that all of our lecturers 
want to do a good job! 

 
REACTIONS AND CONSEQUENCES 

 
Initially, the automated evaluations of the course evaluations were primarily made to improve 
the insight of the situation by the study board. The critical letters the study board send out to 
colleagues with a (long term) teaching problem were most unwelcome; but they served their 
purpose. Today we observe that there are fewer serious complaints on specific staff members. 

 
On a more long term basis, it has turned out that sending out the cumulative curves to all 
lecturers allowing them to see their own ranking compared to all the other colleagues has been 
a good idea. For most competitive people being below than the average is not nice even though 
this fact is revealed only to them selves. (Someone will evidently be below the average, by 
definition!) Similarly, some of the lecturers have realized that it is possible by a more focused 
effort to climb up the list. 

 
Figures 2 to 6 show the cumulative curves for our courses during the terms of 2002, 03 and 04. 
It is neither the same course nor the same lecturer, which have been indicated on the different 
plots. When comparing the cumulative curves for courses they have become slightly steeper 
and they have moved slightly to the right (a higher Utility value in average). The top of the 
curves seems to be the pivot of the movement. Though marginal, this effect is most probably 
caused by a higher awareness among the staff, of that someone cares about the quality of the 
teaching; the way the courses are run makes a difference to someone (besides the students!). 
The cumulative curve for the lecturers has not moved much but a tail of very low Utility 
evaluations has appeared. We believe that the movement of the curves is an un-intended side-
effect of making public the cumulative curves both for the courses and for each staff member 
indicating their personal performance. We have observed that courses with several changing 
lectures often results in most lectures will be ranked very low.  One cause for this is that the 
student does not see clearly the course responsible person.  We have taken follow-up initiatives 
on these matters, and we look forward to measure the effect.   

 



 
 

  
Figure 2: The cumulative curves for MEK courses and lecturers, Fall 2002. 

 
 

  
Figure 3: The cumulative curves for MEK courses and lecturers, Spring 2003. 

 
 

  
Figure 4: The cumulative curves for MEK courses and lecturers, Fall 2003. 

 
 

 



  
Figure 5: The cumulative curves for MEK courses and lecturers, Spring 2004. 

 
 

  
Figure 6: The cumulative curves for MEK courses and lecturers, Fall 2004. 

 
 

CONCLUSION 
 

The total performance of a university department is determined by a number of parameters, as 
for example the number of publications, the number of ph.d.-students, patents, external 
founding, and the number of students attending the department courses etc. The department 
management needs to follow all parameters attentively to keep up the department performance.  
The developed course and teaching staff evaluation system is an important tool for the 
department head to follow the development in the teaching quality.  

 
It has often been discussed if it should be possible for the lecturer to reformulate the questions 
in the questionnaire or to add more questions so that it would fit better to the actual course. So 
far, the study board has been reluctant to open up for this because it is the use of the same 
questionnaire for all courses and all staff that ensures that individual students has a chance to 
be objective in the sense that they use the same “quality scale”.  However, the study board is 
very open for suggestions on general modifications of the questions and possible answers in the 
questionnaires such that these may shed more light on quality of the teaching activities. 

 
Looking at the history of the course evaluations there are some lessons that can be learned: 

1. It is always worthwhile to evaluate of what is being done as long as those 
evaluations do not take too much time. 

2. Sometimes evaluations can be used for something differently or one finds out that 
they actually contain more information than was previously recognized. 

 



3. Through the anonymous comparison with the other lecturers at the department it is 
possible for the lecturer to judge his own performance relative to the other staff 
members. 

4. All lecturers notice that their evaluation result has been processed. It is not only the 
poor performers that are noticed. 

5. The department study board has, by giving values to the weighing factors, indicated 
what is important to focus on when trying to improve the teaching quality. 

6. The defined “Utility-system” generates a “dynamic normal”, i.e. conscientious staff 
will try to improve the teaching quality to obtain a good position on the cumulative 
curves. 

7. The lecturers can from term to term track changes in the evaluation.  
8. Tests have shown that radical changes to the weights are needed to form a 

noticeable change in the ranking. 
 

The evaluation of the courses has over the years been an important tool for the study board in 
improving the courses in general. Most feed-back from the students have been positive and 
constructive and this is therefore taken into account in the process of updating courses. Lately, 
it has turned out, that we can use these evaluations also for sharpening the competitions 
between lecturers and we believe that this also will have further impact on the quality of our 
teaching. 
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ABSTRACT 

Linkoping University has been participating in the CDIO Initiative from the beginning (2000), 
through the Applied Physics and Electrical Engineering program (Y). The board of the Faculty of 
Technology decided in August 2004 to introduce the CDIO concept for three programmes at the 
Bachelor level starting from the academic year 2005/2006. These programmes are Electrical 
Systems Engineering (ES), Media and Communication Technology (MK) and Logistics 
Engineering (TL). Two of the programmes (MK and TL) represent new areas for CDIO at 
Linköping University. 
 
The development of programmes according to the CDIO Standards and CDIO Syllabus is a 
major task. Therefore the Board of Studies for the Engineering Programmes at Bachelor level 
has formed a special reference group with members from the faculty, the industry and the 
student group. The group both takes initiatives and gives feedback on planned activities. Three 
main areas has been identified: 

• Syllabus according to CDIO 
• To gain approval for the ideas 
• Successful design-build projects 

 
A survey of earlier syllabus according to the CDIO ideas has been performed. The outcome will 
be used in the development. 
 
We plan seminars about the CDIO Standards and CDIO Syllabus to get the CDIO view of 
education and programme goals. In order to introduce project courses in a successful way the 
teaching staff has followed a course on project management (the LIPS model).  
 
The programmes will have a sequence of three project courses emphasizing personal skills, 
interpersonal skills and the CDIO view of engineering. All projects will use the LIPS Model 
(developed at Linkoping University) for project management.  
 
An additional evaluation will be done after each semester for at least the first student group. 
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INTRODUCTION 
Engineering Education in Sweden 
Nowadays in Sweden engineering programmes are given at the universities and colleges at 
both bachelor level and master level. The bachelor level has three year programmes distributed 
to 24 universities and colleges all over Sweden. Around 5000 students per year start their 
studies on the bachelor level. Admission requires a three-year natural sciences programme (or 
equivalent background) from high school (upper secondary level). The recruitment has 
decreased during the last years depending on problems getting a job in industry and fewer 
students leaving high school from natural sciences programmes. From the top around year 
2000 only 60 percent apply to bachelor programmes now. 
 
Until late 1980’s there was no bachelor level in engineering in Sweden. The students studied 
engineering for four years at high school. These students had a good reputation in industry, but 
around 1988 two-year programmes in engineering were started at universities and colleges. The 
reason for this was demand from industry that the engineers needed more mathematics and 
natural sciences to handle more complicated technology. The degree after two years was 
University Diploma lower level. In the middle 1990’s the programmes were extended to three 
years giving a degree in Bachelor of Science in Engineering. 
 
The engineering programmes are given in traditional areas such as computer engineering, 
electrical engineering, mechanical engineering, civil engineering and chemical engineering. 
Each programme has usually also a specialization in their fields. In addition to these five areas 
there also exist programmes in newer areas such as media technology, logistics engineering, 
maintenance engineering and many more. 
 
The bachelor engineering programmes have both a strong technical and theoretical educational 
objective. The training is based on mathematics and focused on engineering subjects. Students 
completing these programmes are expected to have the capability to both apply engineering 
techniques already in existence and to contribute to the development of new techniques. In 
addition, the educational training programme provides students with the competence to use 
technical literature in English. 
 
A three-year engineering programme includes mathematics, computer science and natural 
science in total around 25 percent. Technical subjects in their area have around 50 percent 
including a final project done during 10 weeks usually in cooperation with industry. The syllabus 
also has courses in non-technical subjects such as writing and presenting technical reports, 
economy, environmental maintenance, language studies. 
 
Old Project Courses 
In our bachelor subjects (courses) at Linkoping University, Campus Norrkoping, the students 
have completed a number of projects of different sizes in time and depth. This is a popular part 
of the curriculum and the students and teachers are very satisfied with projects as part of a 
course. Study Counselor Camilla Hahn at Linkoping University, Campus Norrkoping has 
interviewed teachers having projects in their courses. What she has found been missing is a 
more systematic use of projects in the curriculum, so the students increase their ability to run 
projects more professionally at the end of their studies. In the plan for the different subjects 
there has not been an increase in the demand on how the students perform their projects. We 
have not emphasized so much on the team processes and roles in a team and we have not had 
an overall plan for content of the project courses and what is trained in different projects so the 
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students ability to run projects increases continuously. In the plan for supporting courses we 
have not included parts to increase the students ability to run more and more complex projects. 

THE STUDY PROGRAMMES 

The study programmes are Electrical Systems Engineering (ES), Media and Communication 
Technology (MK) and Logistics Engineering (TL). ES and MK are modified programmes while 
TL is a completely new programme. The programmes, with a total of ninety new students every 
year, will have a core of common courses. All programmes have common courses in 
Mathematics, Computer Science, Transform Theory, Computer Networks and Signal 
Processing. All programmes contain Information Technology and Wireless Communication and 
means such as GIS and GPS are also important. 
 
The ES programme provides basic courses in Circuit Theory, Electronics and Computer 
Hardware. Computers and modern electronics are used everywhere to control different types of 
technical processes. To develop and operate such systems calls for good knowledge in 
programming and real time systems. The education is oriented towards Industrial IT-
applications. 
 
The MK programme provides basic courses in Electronic Publishing, Usability and Visualization 
(especially small interfaces). Software development and computer science are important parts 
of the education and they are emphasized in the modified programme. 
 
The TL programme provides basic courses in Economics, Telecommunication Systems, 
Logistics (especially from a technical point of view), Optimization and Infrastructure. 
Communication via Internet, radio, mobile- and satellite systems are important resources for 
identification, control and supervision of goods and transports. The planned curriculum for the 
TL programme is given in Appendix A. 

THE SYLLABUS 

As mentioned earlier many courses are common for all three study programmes. We hope this 
fact will make it easier for us to implement some of the CDIO skills [3] in a more structural way, 
especially those concerning interpersonal skills but also for example external and societal 
context. In our old programmes we have had optional courses covering for example, 
communication, man-technology-organization, leadership, environments maintenance, quality 
control and more advanced economics. In the new study programmes we plan to integrate more 
of this in the regular courses. Many of the CDIO skills are covered by three design-build-test 
courses, where the first one also contains an introduction to engineering. We also will try to 
follow the good example from Royal Institute of Technology (KTH), concerning how to write 
course descriptions with learning outcomes [1], [4].  

DESIGN-BUILD-TEST COURSES 

There are three design-build-test courses in the curriculum. The first one (6 ECTS) is in the first 
semester. It is programme oriented and is also meant to bee an introduction to engineering. In 
the first project the LIPS Model [2], developed at Linkoping University for project management 
will be introduced.  
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The second project course (9 ECTS) is in semester 4 (spring 2007). The development of the 
course will start in autumn 2005. At least for some project we will try to form project groups from 
all three programmes in order to get the working situation more realistic, since the different 
students can act as “experts” in their areas. In this course the students will themselves 
formulate the detailed description of system requirements and they also will develop their use 
and understanding of the LIPS Model. 
 
The last design-build-test course (9 ECTS) is in semester 6 (spring 2008). According to our 
present planning we will try to realize as many of the projrcts as possible in cooperation with the 
local industry. So far we have not discussed if the project members will be collected from 
different programmes for these projects too. It is our hope that the students at this moment are 
so familiar with the LIPS Model and project work that they are able to realize the project with 
limited supervision. 
 
For all the design-build-test courses we are of course inspired and influenced by   previous work 
at Linkoping University concerning the Applied Physics and Electrical Engineering programme 
(Y). 
 
First Design-Build-Test Course 
From fall  2005 three different three-year engineering programmes start their first semester with 
a course called Engineering project (in Swedish Ingenjörsprojekt), for course plan see Appendix 
B. This course is 20 percent of the curriculum for the first semester and it goes on for the whole 
semester. The aim of the course is to give the students an idea of how engineers work and an 
introduction to their study programme. Alumni will be invited to tell the new students what they 
can expect on the labor market after graduation and also what is their view of the study 
programme after some years. We will also organize study visits to companies, so the students 
will get an idea what the work of an engineer can look like.  
 
The students will use the project model LIPS during the project. The course will also give an 
introduction to group processes and working in a project group. Written and oral communication 
is also an important and some lectures will cover that area. The project group will have a 
supervisor and every project has an orderer for whom they present the result and also discuss 
with of they want do changes in the requirements of the project. There are many documents to 
be written during the course such as project plan, project report, minutes from project meetings 
and so on. A group of eight teachers have created six different project assignments, two in the 
field of every programme. They have written a requirements document for every project. This 
document will be given to the project group at the start of the course. For every project there are 
a number of requirements to be fulfilled during the project. The teachers have also written a 
project plan for every project to see if the extent of the project is reasonable. Both the 
requirements document and the project plan are written according to the guidelines for LIPS. 
The suggested projects are the following: Building an alarm system, controlling an industrial 
process, localization of a storage site, optimization of transport routes, video production and 
mobile web access. The students have to study theory for their project and learning software 
etc.  
 
In the end of the semester every group will present their result for other groups. They shall also 
write a technical report to the orderer. This report will be examined by a language teacher so 
that it is written in a correct way with a good style. 
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Description of the Project Assignments 
 

1. Alarm System 
The students are going to construct an alarm system built around a PC with a data 
acquisition card. To the system will a movement detector, a web camera, smoke detectors 
and so on be connected. In the PC they will create an interface and the programme will tell 
what kind of event has happened in the system. When the alarm is released a SMS will be 
sent to two telephone numbers and a mail too. 

 
2. Controlling an Industrial Process 
In the lab an industrial process will be built and the aim of the project is to control the 
process. This will include to study some control theory and also apply mathematics. A visit to 
e.g. a paper mill is also planned. 

 
3. Localization of a Storage Site 
The programme for Logistics Engineering will have a project for to decide the best localize a 
storage to minimize the distances between customers and producers. The application is 
thought of to be accomplished with a spread sheet programme. 

 
4. Optimization of Transport Routes 
Many power plant in Sweden are heated with bio energy.  One such source is what is left 
when timber is cut in the forests, roots, branches and tree crowns. An application will be 
constructed for a pocket PC for calculating the volume of organic material and the location 
via GPS. From routes for trucks will be presented in a PC. 

 
5. Video Production 
In this project the students will make a video for Norrkoping community dealing with traffic 
security for children on their way to and from school. They will study the way to school for 
some pupils and find the dangerous spots on the way to school. The video shall describe for 
the pupils how their way to school can be safer. 

 
6. Mobile Web Access 
Here the idea is that a café want to give its customers a possibility to wireless surfing to local 
applications and internet. A server with some applications and a client has to be developed 
by the project group. The customer must be verified by the network. The students will need 
an introduction to networking and programming. Programming is studied in a parallel 
courses during semester. 

APPROVAL FOR IDEAS 

It has been easy to get approval for the ideas of CDIO among the faculty. People think that this 
is in the same direction that we have worked for quite a long time, but we will emphasize more 
on the student to become more professional engineers when they have finished their studies. 
We have started to include more precise learning outcomes for the students in the plans for 
every course in the syllabus. So far we have done this for the courses in the first semester. This 
work will proceed during next autumn for the courses in year 2006. We have found no problems 
to convince the teachers to present the plans in this way. 
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APPENDICIES 

A. Syllabus for Logistics Engineering 
B. Course description for TNIU01 Engineering project 

Appendix A  

First year 
Autumn 2005, decision March 2005 Spring 2006, decision November 2005 

Calculus, 12 ECTS Linear Algebra 6, 
ECTS 

Applied transform 
theory, 6 ECTS 

First design-build-test course, 6 ECTS 
1 
Industrial economics, 
6 ECTS 

2  
Telecommunication 
Systems, 6 ECTS 

Digital Electronics, 
6 ECTS 

Programming 
Principles,  
6 ECTS 

Database Technology, 6 ECTS 

 
Second year 
Autumn 2006, decision November 2005 Spring 2007, decision November 2006 
3 
Logistics engineering, 6 ECTS 

5 Optimization, modelling and planning, 9 
ECTS  

Object-Oriented 
Programming, 6 
ECTS 

Computer Networks, 6 
ECTS Second design-build-test course, 9 ECTS 

Statistics and 
Probability, 6 ECTS 

4  
Infrastructure, 6 ECTS 

Spatio-Temporal 
Systems, 6 ECTS 

Digital Signal 
Processing, 6 ECTS 

 
Third year 
Autumn 2007, decision November 2006 Spring 2008, decision November 2007 

Telecommunication, 
6 ECTS 

Mobile 
Communication,  
6 ECTS 

Third design-build-
test course, 9 ECTS

Bachelor Thesis,  
15 ECTS 

Optional course, 6 
ECTS   6 Logistics engineering, advanced course, 12 

ECTS 
    

Optional course, 6 
ECTS 

Optional course, 6 
ECTS   

  

 7



APPENDIX B 
 
TNIU01 Engineering project, 6 ECTS credits. 
 /Ingenjörsprojekt/ 
 
 For: ES MK TL 
 
 Area of Education: Technology 
 Subject: Other subjects 
 
 Advancement level: B 
 
 Aim: 

The course will give an introduction to the engineers work. The course will 
develop an understanding of what engineering is all about, especially model for 
project work and project management. The student will get an experience of 
working in a project group, training in written and oral communication. After the 
course the students will be able to: - using the project management model LIPS – 
describe the different phases in LIPS – write a project plan from a requirements 
document – make a time plan for the project and register time used – run project 
meetings, write minutes – describe different roles in a project group and their 
duties – describe a groups phases and different learning styles – write a group 
contract – do oral presentations – write a user manual – write a technical report – 
use computer software for documentation – evaluate the result of the project. 

 
 Requirements: Be able to use a computer. 
 
 Organization: Lectures, lessons, and project work including project meetings. 
 
 Course contents:  

Lectures - Introductory lecture, CDIO, project descriptions, situating the 
engineering profession, Group dynamics when working together, Model for 
project work at LiTH, Communication. Industry related guest lectures. The 
engineers role as a communicator. Analysis of and adaptation to receivers. 
Written presentation. Linguistic and formal aspects of technical documents: 
instructions, reports and descriptions. How to prepare and execute an oral 
presentation.  
Project work - The projects are aimed at presenting the engineering working 
situation and in addition give the students training in team work and 
communication. The project work is performed in groups of 5-6 students. Each 
project takes 2-4 groups. The groups are put together by the course 
management, which also assigns a project to each group. -All projects are 
described in brief on the course homepage. The person responsible for the 
project presents a more detailed introduction during the first meeting with the 
students. During the work the students have a given maximum time for 
supervision. In addition, some help to use information search tools will be 
provided. -The projects have in common that they follow the Model for project 
work at LiTH, which is introduced during the lectures and also presented in a 
compendium. Also the examination follows a common pattern for all groups and 
projects. -The project work should be documented during the work, and at the 
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end presented in the form of a demonstration and a written report. Both the 
demonstration and the report is a part of the examination. 
Course literature: Compendia in Model for Project work at LiTH, LIPS, and 
Written presentations.   

 
 Examination:  
UPG1 Active participation at lectures, exercises and presentation of project. 1 p 
UPG2 Project work         2 p 
 
 Grades are given as ‘Fail’ or ‘Pass’. 
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ABSTRACT 
 
The Faculty of Applied Science at Queen’s 
University in Kingston is developing a new 
initiative in curriculum known as Integrated 
Learning (IL).  This approach to engineering 
education has five major objectives including an 
increase in the proportion of active learning 
(rather than passive learning) in all programs; 
an increase in the learning of professional skills 
(self-learning skills, team skills, 
communications) and attitudes (social, 
environmental, economic) in conjunction with 
relevant technical work; an increase in the 
knowledge which each engineer has of other 
engineering disciplines; and an increase in the 
quality and extent of design education, 
particularly interdisciplinary design.  The fifth 
objective is to provide a “home” for first year 
students, who are not yet associated with any 
particular program, and have until now lacked a 
space of their own.  
  
Although conceived and developed 
independently, the IL initiative at Queen’s and 
the CDIO initiative developed by Chalmers, 
KTH, LiU and MIT have much in common. In 
both programs, it has been apparent that 
existing university facilities can be limiting 
factors in the implementation of innovative 
curriculum. This paper discusses IL responses 
to those spatial needs.  
  

 
 
 
Index Terms – Integrated Learning, CDIO, 
engineering education, workspace, professional 
skills.  
 

INTRODUCTION 
 

 The Faculty of Applied Science at Queen’s 
University in Kingston is modifying the content 
and delivery of its programs through a new 
curriculum initiative known as Integrated 
Learning. Similarly, Chalmers University, 
Linköping University, the Royal Institute of 
Technology (KTH), and the Massachusetts 
Institute of Technology (MIT) have together 
launched an engineering education initiative 
based on the context of Conceiving-Designing-
Implementing-Operating (CDIO) [1].  While 
Integrated Learning and CDIO were developed 
separately, and have some significant 
differences in emphasis, they also have much 
in common, and the learning spaces designed 
and constructed for Integrated Learning have 
the potential to be useful models for new 
construction in schools pursuing CDIO. This 
paper explores those possibilities.  
  
The variations among engineering schools are 
many and large, and what is ideal for one will 
require modification in another. It is therefore 
necessary to be aware of those parameters at 
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Queen’s which influenced our choices in 
developing Integrated Learning.   
  
The Faculty of Applied Science offers ten four-
year programs in engineering, six of which are 
classical programs (Chemical, Civil, Computing, 
Electrical, Mechanical and Mining) and four of 
which are engineering science programs 
(Engineering Chemistry, Engineering Physics, 
Geological Engineering and Mathematics and 
Engineering). The first year class of 
approximately 600 students takes a common 
curriculum in year one, and does not select 
from among the ten programs until the end of 
that year. The quality of students entering 
Queen’s is very high and failure rates are 
correspondingly low. The Faculty has about 
2600 students in the four years.   
  
Queen’s is a residential university, and over 
90% of its students are in residence or in rented 
accommodation located within walking distance 
of the University. There is a long tradition of 
being on campus evenings and weekends, both 
for learning and for social activities.  
  
More than a decade ago, when the Faculty 
began the process which lead to Integrated 
Learning,, all of these were factors in 
determining our eventual approach. Moreover, 
there was a need to meet our objectives within 
the context of a university with conventional 
buildings, established procedures, inflexible 
interfaculty linkages, highly independent 
academic units, and staff who had been 
schooled in an expository teaching style. We 
had to do so at an affordable cost and without 
extending the time taken to obtain a degree. 
The challenge was significant.  
  
Integrated Learning is the response of Queen’s 
University to the challenge above. It seeks to 
develop professional skills and to achieve 
deeper learning through an increased emphasis 
on how technical material relates to other ideas 
and subjects. It links material in one course to 
materials in other courses, links material in one 
engineering discipline to approaches and 
material in other engineering disciplines, and 
links engineering to business, environmental 
and social contexts. It emphasizes how to 

elevate theory to practice. And it tries to utilize 
everything from the structure of the building to 
the operation of its facilities to achieve these 
aims.  
  

THE OBJECTIVES OF INTEGRATED 
LEARNING 

  
Five major objectives emerged in our planning. 
More detail on these objectives, and on the 
techniques chosen to realize them, may be 
found in two previous papers [2,3].  
  
(a) We wished to increase the proportion of 
learning which is active, rather than passive 
learning. The adoption of team-based, project-
based learning in year one, the widespread use 
of such learning in year four, and the growing 
use of team-based learning in the intermediate 
years created a need for new kinds of space. 
The group rooms and the first year studios are 
direct responses to this need. So is the site 
investigation facility. In addition, the teaching 
studio and the active learning centre create 
opportunities to experiment with other active 
methods.  
  
(b) We wished to increase the learning of 
professional skills (self-learning skills, team 
skills, communications) and attitudes (social, 
environmental, economic) in conjunction with 
relevant technical work. Project-based learning 
is a major learning tool for such topics.  
  
(c) We wished to increase the knowledge each 
engineer has of other engineering disciplines 
and, indeed, of other disciplines generally. This 
led to the creation of the plazas (described in a 
later section), where different years and 
different programs can function simultaneously. 
It also led to the creation of an area for 
competitive teams, where the teams can readily 
collaborate.  
  
(d) We wished to increase the quality and 
extent of design education, particularly 
interdisciplinary design.  This led to the 
establishment of the design studio and the 
prototyping centre, and to the establishment of 
a chair in Design Engineering.  
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(e) We wished to provide a “home” for first year 
students. As noted above, students take a 
common first-year program and do not choose 
a discipline until the end of year one. In the 
upper years, the host department for each 
program provides advisors, a lounge and 
general office support for each student, but 
such facilities have been lacking for year one 
students. The new structure provides first year 
studios for projects, group rooms for team 
meetings, and a home for the Director of First 
Year Studies.  
  
The Faculty had very little space suited to 
supporting such objectives, and it was 
necessary to create some. Thus began the 
process of designing and building Beamish-
Munro Hall, to house the Integrated Learning 
Centre (ILC). Once the decision to create such 
a structure had been taken, the Faculty looked 
for ways to obtain the maximum educational 
value from the new building. Three guiding 
principles were adopted.  
  

The Guiding Principles in Designing the 
Building 

First, the building must be attractive to students. 
Students were consulted in many ways, and the 
architects gave great attention to making the 
building attractive and exciting for students, a 
place where they would feel ownership and 
want to spend time. The Engineering Society 
has its offices just inside the main door, and the 
building is open long hours, seven days a week. 
If and when university approval is finally 
obtained, there will be a café/lounge on the 
ground floor as well as a student lounge on the 
second floor. Both of these will support evening 
and weekend use and contribute to the 
liveliness of the building. The café will be 
student operated, and will provide opportunities 
for learning business and communication skills, 
and for introducing environmentally responsible 
methods.  
  
Secondly, the building and its equipment and 
operations must provide as many learning 
opportunities as possible. In many cases, this 
simply involves exposing features that would 
normally be concealed. In others, it involves 
monitoring the building’s operating systems and 

putting the data on line for use in classes, in 
projects, or for personal interest. This allows 
students to see how building operation changes 
in response to occupancy, time of day, time of 
year, weather and so on. We call this the “live 
building” approach.  Experiential learning was 
discussed in a previous paper [3].  The “live 
building” provides a way of magnifying one’s 
opportunities for such learning, as well as 
providing data which can be incorporated into 
lecture courses and into projects.  
  
Thirdly, since we all learn outside of the 
classroom as well as inside, it is important that 
the lessons learned there set high standards. 
Therefore a particular effort was made to create 
a building conforming to the highest standards 
of environmental concern. The BREEAM 
approach was adopted and every effort was 
made to include green features which were not 
only good practice in themselves, but also 
served to introduce students to these 
technologies.   In addition, the health and safety 
standards are high. We call this the “green 
building” approach.  

 
WORK SPACES IN THE INTEGRATED 

LEARNING CENTRE AND THEIR 
RELEVANCE TO CDIO 

  
Although conceived and developed 
independently, the Integrated Learning initiative 
at Queen’s and the CDIO initiative at Chalmers, 
KTH, LiU and MIT have much in common. Both 
strengthen the “conceive and design” 
components of the curriculum, and the IL 
emphasis on team skills, self-learning skills and 
communication skills as well as social, 
environmental and economic constraints 
speaks to many of the key issues in “implement 
and operate”.   
  
In both programs, it has been apparent that 
existing university facilities can be limiting 
factors in the implementation of innovative 
curriculum.  Different kinds of workspaces are 
required for conceiving ideas, designing 
products and systems, implementing hardware 
and/or software solutions, and operating to test 
and validate. These are issues addressed in 
CDIO by, for example, the development of the 
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Learning Laboratory for Complex Systems at 
MIT.   
  
At Queen’s, it was recognized early in the 
development of Integrated Learning that 
existing university facilities would limit the 
implementation of such innovative teaching 
methods.  Therefore, based on the Integrated 
Learning objectives and the guiding principals 
for designing the building, a new, purpose-built 
facility named Beamish-Munro Hall was 
constructed to house the Integrated Learning 
Centre (ILC).   
  
Engineering departments at Queen’s University 
have been, and still are, housed in separate 
buildings on the Queen’s main campus.  There 
was no engineering facility common to all 
disciplines.  The new building creates shared 
space, as well as accommodating all of the key 
engineering administrative bodies.  Engineering 
student government (the Engineering Society), 
Faculty of Applied Science administration, and 
the ILC support staff and the offices of two 
Faculty-wide Chairs are all resident in the ILC.  
As a result of this centralization, and in 
combination with a wide variety of curricular 
and extra-curricular student activities in the ILC, 
engineering students from all disciplines and all 
years of study regularly use  the building, 
encouraging multidisciplinary and multi-year 
interaction.  
  
The variety of facilities in the ILC accommodate 
the full range of conceive, design, implement, 
and operate elements.  The following table 
provides an overview of these facilities and their 
CDIO relevance. 
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Figure 1: Relationship Between Integrated 

Learning Centre Facilities and CDIO Elements 
 

Group Rooms 
Forty-two group rooms are fully dedicated to 
undergraduate students.   Designed for 
simplicity and flexibility, these rooms are 
available to all undergraduate engineering 
students to meet for team discussions in a quiet 
and private setting.  Group rooms are “booked” 
on-line or at a kiosk in the ILC atrium for up 
three hours in one hour blocks, and up to three 
days in advance.    
  
There are two nominal sizes of group room.  
The large rooms, of which there are 14, will 
comfortably seat twelve people.  The remaining 
28 rooms will seat approximately 6 people.   All 
group rooms are equipped with a boardroom 
table, chairs, a large whiteboard, and have AC 
power and intranet connections throughout the 
room.  The group rooms, like the rest of the 
ILC, also accommodate wireless internet 
connectivity.  
  
These rooms are designed to support the large 
number of student team activities throughout all 
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years of the undergraduate engineering 
programs.  Teams meet to review and discuss 
problems, conceive ideas, design solutions, 
products, or systems, write reports, prepare 
presentations, or assemble and test prototypes 
(implement).   With the potential for hundreds of 
student teams in every year of study, it is not 
surprising that the rooms were well used in the 
ILC’s first year of operation after the start-up 
phase.  Based on usage in the winter term 
(January to April), it is estimated that rooms 
were used at about 75% capacity in the 
evenings, except in the last few weeks of term 
when after classes the rooms were booked to 
full capacity.  
  

Active Learning Centre 
 A large, flexible classroom, the Active Learning 
Centre (ALC) will hold up to one hundred 
people.  Equipped with relatively small tables 
and light, mobile chairs, the room can be 
quickly configured in rows, groups, a circle, a 
“U”, or any other desired arrangement.  The 
room is also sub-dividable to create separate 
rooms of approximately 1/3 and 2/3 the original 
size.  With white board and project capability at 
both ends of the room, the ALC is a versatile 
space which can be used for teaching, 
presentations, meetings, or even constructing 
and testing parts and assemblies.  Located 
along one wall is a series of large lockable 
cupboards, in which a variety of lab materials, 
tools, etc. can be stored.  Additional storage 
space is available across the hall in a dedicated 
storage room, where custom-built trolleys are 
used for supplementary equipment that cannot 
be stored in the in-room cupboards.  In CDIO 
terms, this workspace is suitable for conceiving, 
designing, and to some extent, implementing 
engineering solutions.  
  
The first year of operation demonstrated the 
tremendous flexibility of this room, with a 
combination of scheduled classes, large 
student group meetings, seminars with faculty, 
students, and industry, and a wide variety of 
other less obvious activities such as rehearsal 
space for student/faculty musical groups.  One 
example of course activity in the room was a 
second year Mechanical Engineering “Design 
Techniques” course.  The ALC was used for 3 

class sections of about 65 students each.  With 
the room arranged to support teams of four, 
students used this workspace for a variety of 
“hands on” activity including product dissections 
and two design projects.  For the latter, the ALC 
was used for idea generation, discussion and 
sketching of designs, construction of 
prototypes, and testing of their assemblies.  
Although the room was somewhat smaller than 
the room used previously for the same course, 
the instructor feels that the new facility was 
conducive to student learning, and that the 
cupboard and trolley storage system worked 
well.  In addition, the students extensively used 
the ILC’s  group rooms for conceiving and 
discussing ideas, the prototyping centre 
(described hereafter) for constructing their 
designs, and competitively tested them in an 
organized event held in the ILC atrium, to the 
delight of a mixed audience of students, faculty, 
and staff who stopped to watch while passing 
by.  
  

Teaching Studio 
 The Teaching Studio is an extension of 
developments at Rensselaer Polytechnic 
Institute [4].  It accommodates up to 76 
students seated in two concentric rows in an 
elliptical room. This arrangement allows 
students to switch back and forth readily 
between lecture mode and application mode.  
While facing inward, the students view a 
monitor upon which the instructor can explain 
material by projecting images from a computer, 
the web, an electronic “blackboard”, or a video 
camera.  Turning to face outward, students 
have access to computers and other relevant 
equipment that can be used to conceive and 
design (with CAD or other design related 
software), build (such as breadboard circuits), 
implement (digitally with software or physically 
with equipment), and analyze.  In so doing, 
students must immediately apply the theory 
presented in the lecture material.  The ability to 
shift back and forth between  lecture and 
application modes allows the instructor to apply 
each teaching mode  to ensure that students 
can understand and apply engineering theory, 
software tools, or other instructional elements.  
The “just-in-time” delivery of theory captures 
student attention because they need to 
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understand it immediately, and the subsequent 
application helps to reinforce the learning.  
  
The teaching studio was well utilized in both 
academic terms in the first year of operation.  
Several discussion sessions were held 
throughout the year with instructors using the 
studio, and the anecdotal consensus was that 
while there was a required “learning curve” for 
both instructors and students, the overall 
experience was considered to be very positive.    
  

First Year Studios 
 The ILC includes two “first year studios” which 
are designed to support the project content of 
our common first year.  Modeled somewhat 
upon similar facilities at the University of 
Colorado at Boulder, each studio is designed to 
accommodate about 36 students.    
  
All first year engineering students at Queen’s 
participate in a course entitled “Practical 
Engineering Modules”, which includes a term-
length team design project.  To support these 
projects, each studio is equipped with a variety 
of tables, chairs, benches, stools, hand tools, 
small power tools, whiteboards, projection 
equipment, and a few computers.  In addition, 
storage lockers are built into the walls within the 
studios, and in the hallways outside, to 
accommodate the physical elements of student 
projects in a convenient location.  Student 
teams use these studios for the duration of the 
term length project, incorporating conceive, 
design, implement, and in some cases, operate 
phases of the project.  
  
 Although not fully completed, and therefore not 
fully utilized during the first year of operation, 
the first year studios were effective in providing 
dedicated and convenient workspace for all first 
year students in one central facility.  
Furthermore, the regular and frequent presence 
of these students in the ILC encouraged 
interaction with upper year students from all 
disciplines, and exposed them to a variety of 
multidisciplinary and multi-year activities.  
  

Plazas  
Included in the ILC are “plazas” equipped with 
instrumented workbenches suitable for teams of 

up to four students.  All benches are equipped 
with computers, and some have additional 
equipment such as function generators and 
oscilloscopes.  The plazas are used by a variety 
of courses, and depending on the need, 
additional equipment is moved from storage 
areas to the benches as required.  For teaching 
requirements, information can be transmitted 
from the instructor’s station to all bench-top 
monitors.  In this manner, similar to the 
teaching studio, the learning mode can change 
from application to instruction and back quickly 
and efficiently.    
  
Students may use software on the plaza 
computers for design and analysis, and in 
conjunction with mobile equipment, can 
implement, operate, and test devices and 
systems.  
  
The plazas are available to students in the 
evening and on weekends in order to provide 
addition time to complete labs, projects or for 
general study.   Throughout the first year of 
operation, the plazas were well used for 
curricular activities, and as the year progressed, 
evening activity became common, particularly in 
the last few weeks of term and through the 
exam period.  
  

Design Studio 
 A “design studio” which is arranged in a 
manner common in industry practice is housed 
within the ILC.  Open to all discipline and years 
of engineering students, the studio is equipped 
with powerful computer workstations loaded 
with a wide variety of design and analysis 
software.  Each station is located at a table 
large enough for four to six students.  As a 
unique feature, most workstations and monitors 
are mounted on the wall, allowing the tables 
(which have casters on one end) to be moved 
around to accommodate larger group meetings, 
seminars, or other activities.  The room, like the 
active learning centre and teaching studio, is 
elliptical in shape, thus providing creative space 
for creative thinking.  An instructor’s station, 
large whiteboard, and extensive audio/video 
equipment are included to accommodate 
design instruction.    
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Student use of the design studio grew steadily 
over the first year.  Initially there appeared to be 
some student resistance to acquiring “I-buttons” 
for electronic access, which was considered to 
be required for security reasons.  In mid-year, 
several blocks of “open hours” were assigned, 
and in parallel student use of I-buttons 
increased.  By the middle of the second term, 
the design studio was commonly used on both 
evenings and weekends both by teams and 
individuals.  And as had been hoped, the typical 
student cross section in the evening or 
weekend hours was both multidisciplinary and 
multi-year.  The group table arrangements 
accommodated team discussion and idea 
generation (conceiving), while the workstations 
supported extensive design and analysis.  
  
Two courses, one in chemical engineering 
process design and the other a multidisciplinary 
design fundamentals course, were taught in the 
design studio in the first year.  Both student and 
instructor feedback on the facility was generally 
positive, although based on a student exit 
survey, a small percentage of students 
commented that the room had visual limitations 
with the front whiteboard and overheads with 
small font.  This is not a surprising result, given 
the layout and objectives of this workspace.  
Based on this feedback, however, software to 
convey projected images to all desktop 
monitors will be incorporated for next year.  
  

Prototyping Centre 
 Directly across the hall from the design studio 
is the “prototyping centre”.  Although there are 
several departmental machine shops on the 
Queen’s campus (including an extensive 
teaching shop in Mechanical & Materials 
Engineering), only the prototyping centre in the 
ILC is readily available to all engineering 
students.   In fact, the positioning of this facility 
just off the main floor atrium, with windows 
open to the main hall, were designed to 
encourage student interest and engagement.  
  
The prototyping centre is split such that 
approximately two-thirds of the space 
incorporates a small machine shop and 
fabrication area, and the other third houses 
modern “rapid prototyping” equipment such as 

a “3D printer”, circuit board router, and laser 
sheet cutter.  The fabrication area is arranged 
with a large bench area, stools to accommodate 
up to 16 students, and power and compressed 
air supplies.  Following safety training, hand 
and small power tools are made available to 
students, and those who wish to do so can also 
train to use the larger equipment such as the 
mill and lathe.    
  
While not heavily utilized in the first term, the 
prototyping centre was used extensively in the 
term two.  The rapid prototyping equipment was 
used by fourteen curricular project teams, as 
well as two extra-curricular teams.  Many of 
these students made use of the machine shop 
and fabrication area as well, although the 
heaviest use of the latter arose from a 
design/build/test project in a second year 
Mechanical & Materials Engineering “Design 
Techniques” course, which also occupied the 
ILC Active Learning Centre for “lab” activities.   
These examples clearly indicate the role of the 
prototyping centre in supporting the 
implementation, and to a lesser extent, design 
and operation, of product and system 
prototypes.  
  

Competitive Team Area 
 Many Queen’s students are actively involved in 
extra-curricular student managed projects 
involving competition with similar teams at other 
universities.  Prior to the completion of the ILC, 
these projects were scattered across (and 
beyond) the campus due to limited space 
availability.  The ILC has responded to this 
issue with five “garage” style spaces, each with 
an associated office and lockable garage doors.  
All open onto a large common “team assembly 
area” with an overhead crane and level access 
to the street via a large garage door to 
accommodate passage of both supplies and the 
“products”.   With the combined office and 
manufacturing workspace, this facility supports 
all aspects - conceiving, designing, 
implementing and operating – of student 
managed multidisciplinary projects.   
  
Current project teams housed in the ILC include 
Solar Car, Concrete Canoe, Aero Design, 
Concrete Toboggan, Fuel Cell, Glider, and 
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Autonomous Robot.   Not only is this dedicated 
new workspace comfortable and convenient for 
the student managed teams, but the common 
locale and the additional shared workspace 
encourage communication, synergy, and 
support for all.  The feedback on this space has 
been very positive.    
  

Multimedia Studio 
 Seating up to twenty people, the multimedia 
studio provides a private area where students 
can develop and practice presentation skills.  
An array of audio-visual equipment is provided 
to allow students to record and review their 
performance.  The rear wall of the room can be 
retracted to accommodate a larger audience. 
This room is provided for the benefit of students 
who wish to develop these skills. It is not used 
as part of any course.  
  
The multimedia studio supports and 
encourages the implementation of practical 
presentation skills necessary for effective 
communication.  Although increasing towards 
the end of the second term, this facility had 
limited use in the first year of operation.    
  

Site Investigation Facility 
 A site investigation facility allows samples 
obtained in fieldwork to be processed, analyzed 
and stored. It is of interest primarily to students 
in geological, mining and civil engineering.  
Typically very “hands-on” activities, the site 
investigation facility provides students the 
opportunity to implement techniques and 
operate equipment consistent with professional 
engineering practice in related fields of study. 
During its first year, it has provided support for 
first-year team projects carried out in a large 
marsh northeast of the City Centre.    
  

Live Building 
 The building’s structure and functions 
contribute to the learning program wherever 
possible.  This can be as simple as exposing 
structural elements not normally exposed and 
providing explanations on the web or through 
signage.  Of even greater interest are data 
collected on building parameters. The operation 
of all large buildings requires the monitoring of 
certain building parameters in order to operate 

the HVAC system, the power system, and so 
on. Some recent buildings monitor performance 
beyond operational requirements, purely for 
educational purposes. The ITLL at the 
University of Colorado at Boulder uses the 
“Building as a Learning Tool” [5].  
  
The ILC incorporates an extensive system of 
sensors to monitor structural, electrical and 
mechanical elements to provide data for 
educational and research activities.   Monitored 
systems include a large photovoltaic (PV) array, 
building power consumption (twenty-four 
meters), the building envelope (outer wall), 
elements of the HVAC system including the 
“enthalpy wheel”, lights (on/off and brightness 
levels), “green wall” (three storey internal wall 
with living vegetation), solar heat gain on glass, 
room temperatures, steam and water lines, and 
a structural column.    
  
Many of the data from these instrumented 
systems is now available on the ILC website, 
providing opportunities for any students and 
researchers with internet access.  In addition, 
the Queen’s Physical Plant Services (PPS) are 
using energy consumption data for energy 
reduction studies, and in turn have provided on-
line access to an additional ninety power 
meters used across campus.    
  
Already a wide variety of student projects from 
various disciplines and years have used “live 
building” data from the ILC. The PV array data 
have been used by several undergraduate 
student teams, and at least one graduate 
student.  Power consumption data have been 
used by a team evaluating fuel cell application, 
by students in upper year energy use project, 
and by PPS for web displays of energy 
consumption for public awareness information.  
The HVAC instrumentation was used for 
second and fourth year team’s projects.  
Building envelope thermal data are used in a 
multidisciplinary Instrumentation Lab.  And 
because the data are freely available on-line, it 
is undoubtedly being viewed for interest, for 
research, and for student projects beyond our 
capability to document.  Operational data such 
as this are a critical element to help students 
understand the implementation and operation of 
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systems in a real-world application.  It would be 
reasonable to assume that this information will 
ultimately lead to the conception and design of 
new and more efficient buildings and energy 
use systems.  
  

IN CONCLUSION 
  
In looking back on the first year of operation, it 
is clear that there has been much progress, and 
all of our objectives have been at least partially 
achieved.  Feedback from students and 
instructors using the ILC has generally been 
positive.   Most facilities are well used, and 
demand is growing.   Industry and public 
awareness and involvement in engineering has 
been improved. In only its first year of 
operation, the ILC has already hosted several 
engineering class project displays to industrial 
representatives, industry/academic partnering 
forums, an “Art & Engineering” display, and two 
dramatic plays open to the public.   
  
The building itself has received international 
attention.  Recognized for its “green” 
characteristics, the ILC has earned “four leaf” 
status in a BREEAM evaluation [6].  In addition, 
Beamish-Munro Hall was selected to represent 
Canada in the institutional and commercial 
building class at the 2005 World Sustainable 
Building Conference in Tokyo.  
  
Students and instructors are evolving methods 
to optimize the use of the facilities.  For 
example, motivated by the positive experience 
of teaching in the new Teaching Studio, one 
instructor organized a well attended series of 
discussions and an instructional seminar open 
to all faculty to discuss best practice for 
teaching methods in this new facility.    
  
Not surprisingly, some aspects Integrated 
Learning and the ILC have not evolved at the 
pace or to the degree we would have hoped.  
Creating a building with exemplary 
environmental standards has been challenging, 
and our success, while considerable, is far from 
total. The obstacles lay in long held opinions 
and established practices among 
administrators, architects, engineering 
consultants and colleagues. Interestingly, this 

very problem relates to our reasons for 
incorporating green technology in the building. 
We believe that the reluctance of engineers to 
incorporate green technology often stems from 
unfamiliarity. Given that engineers bear the 
ultimate responsibility for performance, it is not 
surprising that they so often adopt familiar and 
well proven technologies. By incorporating 
many green technologies in the ILC, so that the 
student sees them and can monitor their 
performance over several years, we hope to 
overcome the barrier of unfamiliarity, and to 
educate engineers who are confident of the 
reliability and aware of the limitations of such 
technologies.  
  
Anyone interested in adopting some portion of 
our approach in support of CDIO objectives is 
welcome to whatever help we can provide.  For 
further information on the Queen’s Integrated 
Learning Centre in Beamish-Munro Hall, please 
see http://appsci.queensu.ca/ilc/ or contact 
either of the authors. Additional ILC contacts 
are available 
(http://appsci.queensu.ca/ilc/contacts/team.php)  
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ABSTRACT 
 
This paper presents the second offering of a new undergraduate design and rapid prototyping 
course in the Department of Aeronautics and Astronautics at MIT.  The course combines design 
theory, lectures, and hands on activities to teach the design stages from conception to 
implementation and testing.   Activities include hand sketching, CAD, CAE, CAM, design 
optimization, rapid prototyping techniques, and performance testing.  The learning objectives, 
pedagogy, required resources and instructional processes, as well as results from the latest 
implementation of the course and student assessments are discussed.  A review of the previous 
year’s assessments and a short project description is also included. A key pedagogical insight 
from this course is that design iterations are not to be interpreted as error correction or rework, 
but as an essential part of a sound engineering process. 
 
INTRODUCTION 
 
With the implementation of CDIO [conceive-design-implement-operate] throughout the 
undergraduate education in the Department of Aeronautics and Astronautics at MIT, various 
student surveys have shown that one of the objectives of combining fundamental theory with 
practical applications was lacking.  There is a desire for specific training in modern design 
methods and tools, such as state-of-the-art CAD/CAE/CAM technology, and integrating design 
optimization.  Students have suggested the addition of a short and intense course within the IAP 
(independent activities period) in design and rapid prototyping, combined with design 
optimization.  The specific reference from the student survey is paraphrased here: 
 
"The CDIO [conceive-design-implement-operate] initiative has been well received by 
undergraduates, who have thoughtful suggestions for improvements. Some feeling of imbalance 
between fundamentals and other skills. Offerings in CAD/CAM, machining, fabrication desired." 
 
The intent of this course is to respond and help fill this perceived gap, combine multiple 
disciplines to give students an introduction to design optimization, and offer exposure to design 
and manufacturing tools.  The 6-credit-unit IAP course takes students through the conception, 
design, and implementation of a single, simple sub-system or component of a vehicle during a 
period of 4 weeks.  This course supports the learning objectives of the CDIO (Conceive-Design-
Implement-Operate) initiative [1,2,3] and attempts to use the latest technologies in computer 
aided design, analysis, manufacturing, and rapid prototyping to achieve these goals.  Also, this 
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course attempts to expose students to the engineering design process, as well as encouraging 
optimization and multi-disciplinary thinking. The novelty of this course lies in the combination of 
rapid prototyping and manufacturing, with engineering design and optimization in order to 
demonstrate the complementary capabilities of computer tools and human ingenuity during the 
design process.  The overall learning objective of this activity is for students to develop a holistic 
view of and initial competency in engineering design by applying a combination of human 
creativity and modern computational methods and tools to the synthesis of a complex structural 
component. 
 
This goal can be mapped onto the following learning objectives of the CDIO syllabus [2]: 

1. Core Engineering Fundamental Knowledge: solid mechanics & materials 
2. Advanced Engineering Fundamental Knowledge: computational techniques 
3. Engineering Reasoning and Problem Solving: modeling 
4. Personal Skills and Attitudes: creative thinking 
5. Conceiving and Engineering Systems: modeling systems and ensuring goals can be 

met 
6. The Design Process: execute appropriate optimization in the presence of constraints 
7. Implementing: hardware manufacturing process  
8. Implementing: test, verification, validation, and certification 

 
COURSE DESCRIPTION 
 
The overarching goal of the course is to provide the students with an opportunity to conceive, 
design, and implement products quickly and effectively, using the latest rapid prototyping 
methods and CAD/CAE/CAM technology.  This is meant to be an intense and satisfying 
experience that emphasizes the overall chain of design steps shown in Figure 1. 
 

 
Figure 1:  Engineering Design and Rapid Prototyping:  course pedagogy 

 
The course was offered for two iterations, with the first class during IAP (Independent Activities 
Period) of January 2004, and the second class during IAP of January 2005.  IAP is a 4-week 
long term at MIT that offers students the chance to explore other classes and extracurricular 
activities than those offered during the normal spring and fall semester schedule.  
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COURSE PEDAGOGY AND CONCEPT  
 
The course is structured in two phases, with fundamental engineering design principles and 
procedures introduced and reviewed during the first phase, and application and implementation 
of the design during the second phase.   
 
In the first phase, the students are presented a design problem with solution neutral 
requirements and constraints.  For IAP 2004, the problem was purely structural; whereas for 
IAP 2005 the design problem included structural and aerodynamics disciplines.  A creative 
design process of hand sketching is followed by computer aided design (CAD) and analysis 
(CAE).  The analysis included both finite element methods and computational fluid dynamics.  
This initial design concludes Phase One.   
 
The second phase takes the initial Phase One design, and looks to improve the solution via 
design optimization.  The first manual solution is used as a baseline condition for the design 
optimization step.  The goal is for students to conduct design optimization using either 
commercial or faculty-provided software.  The optimum solution obtained is modeled again in 
CAD, analyzed through the CAE tools, and then fabricated using CNC (computer numerically 
controlled) equipment.  The optimized component is then compared with the original, and 
conclusions are drawn from analysis.  Students were encouraged to implement formal design 
optimization during their design process, either through purely manual iterations or through 
software, but without the benefit of initial design testing and verification.  
 
The course concludes with student presentations culminating in a “Critical Design Review”, 
which includes results from testing of the initial and optimized designs. This side-by-side 
comparison between designs and student teams helps produce several educational insights: 

 
1. Understanding of the predictive accuracy of CAE modeling versus actual test results 

 
2. Understanding of the relative improvement that computer optimization can yield 

relative to an initial, manual solution 
 

3. Illustration of the capabilities and limitations of the human mind and digital computer 
during design and manufacturing 
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COURSE FLOW 

 
Figure 2: Flowchart of Engineering Design and Rapid Prototyping class 

 
The course plan starts by exposing the students to the design process, its phases, and the 
importance of properly formulated requirements.  An introduction to state-of-the-art 
CAD/CAE/CAM environments is given during the first week.  Initial hands-on activities include 
hand sketching, creating engineering drawings, and CAD Modeling.  Due to the time limitations 
of the IAP course, compromises have to be made with respect to the breadth and depth of some 
of the topics that are covered.  Emphasis is placed on successfully completing the various steps 
of the design process, rather than understanding all the details of the methods and tools used 
along the way.  Assumptions outlined in the Project Description limit the complexity of this 
undertaking in order to avoid overwhelming the students and to ensure that they focus on the 
learning objectives.  Figure 2 shows a flowchart of the main class activities (center), student 
deliverables (on the right side), and learning/review activities (on the left side).  
 
Figure 3 shows the detailed course schedule for IAP 2005.  Each class consists of two lectures 
on theory (2 hours) directly followed by a hands-on activity period where the theory is 
immediately applied (2 hours).  The first five lectures constitute the bulk of Phase One, with 
Phase Two beginning with the optimization lecture.   
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Figure 3: Flowchart of Engineering Design and Rapid Prototyping class 

 
Due to time constraints, two full iterations through the design process were not possible; thus 
Phase Two lectures were minimized, and fabrication and testing of the Phase One components 
emphasized.  Students were also encouraged to incorporate design optimization during their 
design phases, albeit without the knowledge gained from initial testing.  Should there be more 
time overall for the course, Phase Two classes and deliverables can be easily implemented as 
they generally take less time, as much of the upfront software and hardware learning has 
already taken place.  Two guest lectures provide the students with opportunities to learn about 
current practices and challenges in industry.  
 
The main difference between IAP 2004 and IAP 2005 was the number of days of class per 
week.  For IAP 2004, there were 3 days per week of classes, and the class divided into 1.5 
hours of lecture and 1.5 hours of hands-on activity.  The first seven sessions (2.5 weeks of IAP) 
consisted of Phase 1, and the remaining four made up Phase 2.  Given the simpler project and 
manufacturing aspects of IAP 2004, the students were able to complete two full iterations (from 
design to manufacturing and testing) during the phases.  
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STUDENT TARGET POPULATION 
 
A small number of students are preferable, due to the laboratory oriented class structure, and 
the inherent limits of the Design Studio and machine shop.  For IAP 2004 the class was limited 
to 18 students (broken down into 9 teams of two students each), whereas for IAP 2005 the class 
size was further reduced to 13 students (broken down into 6 teams).  The target level were 
seniors (4th year) and juniors (3rd year) who already have basic knowledge of mechanics, 
engineering mathematics, and design, although a number of sophomore (2nd year) students who 
took the course were sufficiently able to handle the course work.   The course is targeted 
primarily to undergraduate students with special emphasis on Aerospace and Mechanical 
Engineering. 
 
This course is offered as an elective and seeks to attract students who want to: 

 
1. Experience the conceive-design-implement-operate process for a simple sub-system 

or single complex component using the latest CAD/CAE/CAM technology. 
 

2. Understand the subtleties of complementary human design abilities and computer 
strengths in optimization. 

 
3. Understand the predictive accuracy of CAE modeling versus actual laboratory test 

results. 
 

4. Obtain 6 units of credit without imposing additional scheduling constraints during the 
regular semesters. 
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FACILITIES AND RESOURCES 
 
All the lectures and computer-based hands-on activities are performed in a Design Studio (Fig. 
4a).  This concurrent engineering facility is comprised of 14 networked CAD/CAE workstations 
that are used for complex systems design and optimization.  All software was installed and 
running on these workstations.  The SolidWorks and CosmosWorks package was used for the 
CAD design and the finite element analysis, respectively.  A 2-D airfoil analysis program called 
XFOIL was used for the computational fluid dynamics analysis, and Matlab as a general 
computational program.  An abrasive waterjet cutter with OMAX CAM software and a foam 
cutter CNC machine were used for rapid prototyping in the department’s machine shop (Fig. 
4b).  Full-scale testing was conducted in the MIT Wright Brothers Wind Tunnel facility for the 
IAP 2005 project.  Full-scale testing was conducted in the Gelb Laboratory Hangar facility for 
the IAP 2004 project.  
 
 

 

                         (a) Design studio     (c) Wright Brothers Wind 
Tunnel Facility, and Fixture for 
Testing (test article installed) 

(b) Abrasive water-jet 
cutting machine and foam 
cutter machine 

 
 

Figure 4: Design studio, abrasive waterjet, and fixture for testing 
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PROJECT DESCRIPTION 
 
 For IAP 2004, the initial design project was limited to a single structural component with 
medium complexity (some boundary conditions, one single-load case, some functional surfaces, 
and forbidden zones given).  The maximum part dimensions are approximately 12” x 12” x 0.5”, 
and made from a single sheet of aluminum.  No assemblies, machines, or mechanisms were 
produced. Due, partly in response to the students wishes, the part complexity was increased for 
IAP 2005, and can be modified in future years as we learn more about feasibility, student ability, 
and time constraints.   The design task was limited to two dimensions, which simplified hand 
sketching and CAD modeling, as well as construction.  For IAP 2004 the design project was to 
model and build a scaled down bicycle frame.  
 
 
 
 
 
 
 
 
 
 
 
 
 
    (a)      (b) 

Figure 5: Configuration and dimensions of the design requirement 
 
Figure 5 shows the configuration and dimensions associated with the design requirement of the 
project.  The lower two holes are fixed, and three loads F1, F2 and F3 are applied to the two 
upper holes (Fig. 5a).  The holes represent the location of the pedals and the rear axle, and the 
forces represent the fork and saddle loads.  A fixture with two laser sensors was fabricated and 
used for structural testing; see Figure 4 (c), in order to obtain measurements of the 
displacements, δ1 and δ2. 
 
The class had nine teams of two students each, with every team carrying out a surrogate 
bicycle frame design for a different hypothetical market segment. The nine market segments 
were as follows:  Family economy, Family deluxe, Cross over, City bike, Racing, Mountain, 
BMX, and Acrobatic, and Motor bike.  The first four represented the consumer division, the next 
four represented a specialized division, and the last represented the motor division that had 
special requirements.  During the last week of the course, the students visited a leading, local 
bicycle frame manufacturer [8], where they saw first hand that designing products based on the 
needs of differentiated market segments is very relevant in the real world.  Load magnitude, 
design requirements, and design priorities vary according to the market segment.  
 
For IAP 2005, the faculty and TAs looked into a more complex project, marrying structural 
design to aerodynamics.  A major competitive element in race car design is efficient 
aerodynamic design [1,2,3]. Team designers consider aerodynamic efficiency to be the most 
important element in developing a competitive race car.  Roughly speaking, aerodynamic design 
is concerned with two primary elements: reducing drag (D) and increasing downforce (negative 
lift, L).  The principles, which allow aircraft to fly, are also applicable in car racing; however the 
main difference is that the wing or airfoil shape is mounted upside down producing downforce 

 8



instead of positive lift (Fig.6, right).  Downforce is necessary in maintaining high speeds through 
the corners and forces the car to the track.  Although actual race car design includes complex 
interactions between the aerodynamics of the front wing, rear wing and the main chassis, in this 
project we focused on the isolated design of one component of the race car: the rear wing.  
 

 
Figure 6: Project Description and Scoping 

 
The project for IAP 2005 was for the students to design and build a wing section, its supports, 
and then test the wing in the wind tunnel. The students were given boundary conditions and a 
nominal operating condition.  The objective was to maximize downforce, while minimizing 
weight and drag, using the following objective function: 
 
maximize [ F = L – 3*D – 5*W ]             (1) 
Where: 

L = measured downforce (negative lift) at specified speed [N]  
D = measured drag at specified speed [N]  
W = total weight of the assembly (not including test fixture) [N]  
The nominal speed is 60 mph.  
 

The physical boundary constraints roughly encompass a box, with the maximum design 
envelope for the wing and its support structure being 20” x 20” x 40” (width, height, span).  The 
wing model can be created as an extrusion of a 2D wing section, thus limiting the aerodynamic 
analysis to 2D section airfoils, well within the scope of even sophomore (2nd year) students.  
There will be no taper or dihedral requirement, thus simplifying the analysis further and allowing 
for easier manufacturing using the CNC foam cutter.  However, taper or dihedral are not 
explicitly forbidden in the final design.  
 
The design task also includes developing an attachment method of the wing to the supports and 
load cell, with the support fixture attachment points to the wing strut at pre-defined points. This 
will allow quickly mounting, testing, and comparison of wing designs produced by different 
teams. An example wing support strut, with the required dimensioning for the attachment points 
along the bottom is in Figure 7.  To the right is a view of the test fixture to which the 
endplate/struts will attach to.  This test fixture also has dimensioning constraints.  
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Figure 7: Configuration and dimensions of the design requirement 

 
One of the implicit goals of this design task was to illustrate the problems and complexities of 
multiple part assemblies, and to give students a better understanding of the issues involved in 
designing and building interfaces between parts.  It was generally found that most students can 
design and analyze a single part very well, but had difficulties grasping the concept of specifying 
attachment points, methods, and even considering loads at the interface points.  Limiting the 
actual parts to 2-D extrusions made hand sketching and CAD modeling easier, while still 
allowing 3-D design freedom and structural analysis. 
 
These brackets are the boundary conditions for the support struts, which the student teams will 
design. The design of the support strut to the wing is left open to the student design teams. The 
material available for students for the support struts/structure is either:  

1. 24 x 24 inch Aluminum 6061 plate, 0.125 inches thick  
2. 24 x 24 inch Aluminum 6061 plate, 0.25 inches thick.  

 
One of the considerations is that the ¼-inch thick Aluminum plate is roughly 3 times as 
expensive as the 1/8-inch thick plate, and this will have to be taken account for in the student’s 
manufacturing reports and cost estimations.  
 
The attachment of the wing(s) to the support structure end plates can be done in a variety of 
methods, such as epoxy, using a tube as a support strut, or screws.  The foam wings were fiber-
glassed to minimize deflection.  Students had to make an informed design decision with regards 
to fiber-glassing, using a support rod or other innovative interface methods. 
 
All final designs had to be accompanied by a cost estimate, which included an estimate of both 
labor (hours worked) as well as material costs. A standard form was provided separately. Aside 
from attempting to optimize the objective function, student teams also investigated the 
performance of the wing over the entire wind speed range up to v

o
, look into the center span 

deflection, mass of wing, mass of support structure and natural frequency of vibration of the 
wing and so forth. Each wing assembly had to pass a static load test and safety inspection 
before the assembly could be entered in the competition.  
 
Design variables 
Despite the constraints stated above the design space is relatively open. It can be characterized 
by looking at various design variables and configurations. The various lectures, interactions with 
faculty and staff and team interactions helped each team to focus or expand this list as 
appropriate: Aspect ratio, Wingspan, Wing chord; Angle of attack; Airfoil shape;  Camber; 
Number of airfoil/sections; Number of support struts, Location of support struts; Winglet (end 
plate) geometry and attachment; Wing coating; and Wing/structure interface. 
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DESIGN OPTIMIZATION 
 
The students conducted a varied assortment of optimization routines.  Some students made use 
of a structural topology optimization program, based on a pixel-like approach for their endplates.  
We utilized web-based optimization that was developed by Tcherniak and Sigmund [7], which 
can solve two-dimensional problems with rectangular design domains and a maximum number 
of 1000 design cells.  The basic principle is that if a cell has a density of one, it means material 
should be used in the cell location.  Compliance is used as the objective function, and the 
constraint is the volume fraction.  This topology optimization is used to determine improved 
design layouts, but is only one of the considerations.  Due to the aerodynamic effects that the 
endplate has on performance, there are other constraints and requirements on the endplate 
shape, and it is not possible to utilize this particular software for optimization given all of our 
performance metrics of interest.  Figure 8 shows the graphical user interface (GUI) of the web-
based optimization software and a sample optimization result.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Web-based structural topology optimization (GUI and sample solution) 

 
Some students were able to program (either using MATLAB or Microsoft Excel) a basic 
optimization routine using the objective function given above, see Eq. (1).  The data entry from 
the FEA and CFD results was largely manual, but students were able to obtain basic trade-off 
curves for various design parameters.  One of these response surfaces is illustrated in Figure 9, 
where one student team plotted their performance objective value as a function of endplate 
height and coefficient of lift.  With endplate height being constrained, due to mass goals and 
structural requirements, the students were able to visualize where to direct their aerodynamic 
design efforts and goals.  
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Figure 9: Student Optimization: Performance Response Surface 

 
The overarching goals for optimization was to illustrate discipline versus system level 
optimization, and to give students a better appreciation of the trade offs involved in a complex, 
multi-disciplinary system.  The example design loop given to students is shown in Figure 10.  
Students were advised to largely follow spiral design development model, and to continually 
iterate on their designs.   Iterations are considered undesirable in many traditional views and 
teachings of engineering design, because they are associated with rework and error correction. 
We do not subscribe to this view and explicitly teach the necessity of design iterations in the 
context of spiral development and continuous design improvement. 
 

 
Figure 10: Design and Optimization Loops 

 
STUDENT DELIVERABLES 
 
The entire set of deliverables for one of the student teams from each year’s class are shown in 
Figure 11 and 12, respectively.  The first is for Team 5, Racing Bike in 2004; and the second 
illustration is for Team 1, Trapezoidal Wing in 2005.  These figures best illustrate how the 
student teams went through the design process and phases throughout the course, and how 
that compared to the theoretical work flow shown in Figure 1.  
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Figure 11: Example Student Work Flow from IAP 2004 (Team 5). 
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Figure 12: Example Student Work Flow from IAP 2005 (Team 1) 

 
The functional performance of each student team’s design from IAP 2004 is shown in Figure 13.  
It is important to note how students in the consumer division (T1-T4) made designs that lie in 
the region where manufacturing cost is low, whereas specialty division (T5-T8) designs 
generally have better performance at the expense of manufacturing costs.  The motor division 
(T9 team) had to deal with a forbidden zone as a constraint.  For IAP 2005, the project changed 
slightly, and the teams were competing directly against each other.  Given that this project was 
billed as a design competition, the efforts were to maximize the value of the performance 
function, Eq. (1).  The results of the performances of the student teams are shown in Figure 14.  
It is also important to note that there were fewer teams in IAP 2005, and the objective was to 
maximize the performance function. 
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Figure 13: IAP 2004 Performance Results, T1-9 refer to student teams 
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Figure 14: IAP 2005 Performance Results, fourth bar shows objective function value 

 
These results were presented at the final Critical Design Review and debated amongst the 
students and the guests present for each class’s design review.  This gave the students a 
deeper appreciation for the relationship between their design decisions and manufacturing 
techniques and the resulting attributes of their product (that of mass, cost and deflection or 
downforce, drag, weight, and final objective performance).  Also, students were able to have 
input in the required data corrections that were then applied to the results.  The results between 
the teams were not much different when corrected for the test fixture drag and lift for the IAP 
2005 project.  However, due to test fixture displacement, the results of the FEA and test 
verification for the IAP 2004 project were significantly different.   
 
At the end of this course, the students were able to articulate the merits of one design family 
over another, promote and defend the virtues of their own designs as well as debate the 
tradeoffs and necessary choices between design objectives.  Also, students had a better 

 14



realization of the balance between design variables and fixed parameters that affected their 
performance and had a better grasp of being able to identify those chief contributors to the 
performance.   
 
COURSE EVALUATIONS 
 
In the last week of the course, an anonymous course evaluation was conducted. The survey 
consisted of a standard set of questions about the subject and instructor performance 
evaluation.  A one-page reflective memo was also required for the students to write and submit.  
Thirteen students participated in the survey and reflective memo. A sample of results from the 
IAP 2005 survey follows: 
 
(1) The subject stimulates my interest to learn more 
(1: strongly disagree ⎯ 3: neutral ⎯ 5: strongly agree)   Score: 4.6  
 
(2) The subject is relevant: 
(1: strongly disagree ⎯ 3: neutral ⎯ 5: strongly agree)   Score: 4.7 
 
(3) Overall quality of the subject: 
(1: poor  ⎯ 3: good ⎯ 5: excellent)   Score: 4.3 
 
Some of the students’ comments to the essay questions were: 
 
(1) What are the best parts of the subject? 
“Actually getting to do some design work. The hours. The hands-on part was very nice.” 
“I enjoyed pretty much the whole thing – getting to conceive, design, and build from scratch, 
something both exciting and practical (and challenging, too).” 
“Not being Course 16, I found all of it very interesting.  I really took the class because I wanted 
to build. I really enjoyed the manufacturing, and surprisingly, I really had lots of fun with the xfoil 
program.” 
 
(2) What would improve the subject? 
“The learning curve was very steep for CAD. There should have been more help available.” 
“Clarify grading a bit more.  Make sure software is in working order beforehand.” 
“…Should be worth more than 6, maybe 12, at least nine [units of credit].” 
 
(3) Other Comments 
“Great course. I am now a more responsible engineer.” 
 
Other comments from the reflective memos offer more insight: 
 
“This IAP we got to apply the skills I have learned in various other classes – structural, 
aerodynamic, and analytical tools – to do something that was both creative and applicable to the 
‘real world’.  It really helped me see how useful my classes have been in understanding a 
practical engineering situation. …16.810 taught me other important things for an engineer to 
consider, which might not be the easiest to learn in a pure classroom environment.” 
 
“The concept of the design spiral will stick with me… I am a firm believer in continuously 
improving any product that will have my name on it.” 
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“It was interesting that we definitely learned this through the process of running into actual 
manufacturing problems…but I wouldn’t complain about this part of the class.  It’s important to 
be able to work through problems that come up, because in the real world manufacturing won’t 
be perfect either.” 
 
“I have a special appreciation for MDO because I first went about the design with the waterfall 
method instead of the spiral methodology that MDO follows… My inexperience and un-tuned 
instincts led me astray into thinking that maximizing the lift and then coming up with clever ways 
to reduce drag and would be a satisfactory strategy. …starting again with the MDO mentality, I 
was reminded that drag scales with Cl squared and maximizing Cl would put our design on the 
low point of the curve in the design space.” 
 
“Comparing predicted results to the real results was the most intriguing part of the class 
because it forced the assumptions to be questioned.” 
 
“Although actual tests are costly, they are imperative to ensure that the design is working 
properly.” 
 
CONCLUSIONS 
 
This paper presented the second iteration of a new engineering design and rapid prototyping 
course for undergraduate students. The main learning objective of this course is for students to 
develop a holistic view of and initial competency in engineering design by applying a 
combination of human creativity and modern computational methods and tools to the synthesis 
of a structural component or simple subsystem.  Lectures and hands-on activities are integrated 
for two phases of the course, the first being an initial run through a design and the second 
phase incorporating optimization and manufacturing.  Activities include hand sketching, CAD 
design, Finite Element Analysis, CAM manufacturing, design optimization, and testing and 
validation.  The class is nominally divided into small teams (2-3 students per team), and given 
the same requirements and performance objective.  The resulting designs were varied and 
offered insight into not only the creative design process, but a good analysis and optimization of 
initial designs.   
 
Overall responses from students were very positive for both IAP 2004 and IAP 2005.  The 
majority felt that they benefited mainly from the fact that design activities were presented and 
executed as a coherent stream.  Most students may not have experienced the design process in 
this way before, nor did most students have exposure to multi-disciplinary optimization or design 
spirals.  Allowing the students to carry their design through iterations, rather than only once and 
looping the design (with or without formal optimization) was a crucial element of the pedagogy.  
This was particularly visible in IAP 2004, where students were able to design and manufacture 
products fully for both phases of the project.  Although a concern of the previous years’ students 
was addressed (that of a more challenging design project), the 2005 edition lacked multiple 
manufacturing and testing/validation loops due to the time constraint.   
 
For most teams, the testing results did agree well with the Finite Element simulation and CFD 
results, however the data needed to be corrected for manufacturing errors and the test fixture 
(drag) effects.  This was in sharp contrast to the IAP 2004 class, where the test fixture allowed 
the parts to move, and accurate test deflection data was not possible to obtain.  Investigating 
likely error sources before actual testing will help improve the accuracy of the prediction, as well 
as expose students to the issues of testing before succumbing to its pitfalls. This is one area 
where the faculty and staff have to prepare prior to going through the test process with the 
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students.  Another area of concern that both years’ students had was that they wanted more 
interactions between the student teams and earlier peer review to benefit from mutual 
experience, even if the course is cast as a design competition.   
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ABSTRACT 
 
This paper describes the methodology and key results from the first 3 years of operation of ‘Flight 
Handling Qualities’ (FHQ), a Problem-Based-Learning core module for 4th year Master of Engineering 
(MEng) undergraduates in Aerospace Engineering and optional module for the Systems Engineering 
MSc Programme, at the University of Liverpool.  The module aim is to equip students with the skills 
and knowledge required to tackle aircraft handling qualities (HQs) and related ‘whole aircraft’ 
problems.  Students are presented with the theory of handling qualities engineering in a series of 
interactive lectures.  The students work in teams of 4 or 5 and undertake a number of team-building 
exercises throughout the first semester.   Teams are presented with the idea that the aircraft with its 
handling qualities is the focus for knowledge acquisition and skills development.  Each team is given 
the task of assessing and quantifying the HQs of a particular aircraft in a particular role, and then 
developing fixes to any handling deficiencies they identify; the current aircraft include the Wright 
Flyer, Grob 115, Blackhawk, Bo-105 and XV-15.  Teams write an interim report at the end of the first 
term and a final report at the end of the second term, showing how they have assessed the aircraft, 
developed solutions to the problems and made recommendations concerning the aircraft’s suitability 
in the defined role.  The Reports also address the technical feasibility and economic viability of the 
proposed upgrades.  The teams present their work to mock ‘Customers’ (group of staff, another 
student team, visiting Industrialists) with the objective of demonstrating that the aircraft is now fit for 
the role.  Each individual student maintains a ‘Personal Learning Journal’, in which they document 
the development of their understanding of handling qualities and, more general, transferable skills.  
The module is designed to enable students to engage in all elements of the Conceive-Design-
Implement-Operate (CDIO) cycle.  
 
1. INTRODUCTION 
 
In 1969, test pilots George Cooper and Raymond 
Harper defined HQs as "Those qualities or 
characteristics of an aircraft that govern the ease 
and precision with which a pilot is able to perform 
the tasks required in support of an aircraft role" 
(Ref 1).  Since then, various testing 
methodologies, analytic response criteria and 
design standards have been developed, and the 
subject has grown into a ‘systems’ discipline in its 
own right, aimed at ensuring that neither 
operational performance or safety are 
compromised by deficiencies in handling (Refs 2-

5).  The discipline has developed through a 
symbiosis between engineers and pilots, and 
requires designers and operators to come to 
mutual agreement on the priorities and 
necessary compromises in the whole design 
trade-off process.  Handling Qualities engineers 
are often required to deal with serious problems 
during flight test development caused by 
inadequate concurrency in the early design 
process, combined with insufficient modelling 
and simulation.  Engineers who work at this 
‘whole aircraft’ level are exposed to the impact of 
decisions/judgements in the various technical 
sub-disciplines on the trade process, e.g. 
aerodynamics, structures, power systems, 
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avionic systems.  These are the components of a 
classical Aerospace Engineering degree 
programme, usually taught separately from an 
engineering science perspective.  The Flight 
Handling Qualities module provides the 
framework for learning opportunities at the whole 
aircraft level, taking account of operational 
capability and flight safety and enabling students 
to experience the pressures of compromise, 
alongside satisfying pilot demands, within tight 
timescales and demanding targets.  Critical to the 
success of this module has been the availability 
of a piloted simulation facility and experienced 
test pilots to enable realistic impressions and 
assessment of HQ issues to be gained.  The 
facility at The University of Liverpool is described 
in Refs 6 and 7 and Appendix E. 
 
The FHQ module allows students to engage in all 
4 stages of the CDIO cycle; broad operational 
requirements are set, analysis and assessment 
against military and civil standards define the 
problem areas requiring design changes to be 
conceived and implemented, and the flight 
simulator allows the operational impact of the 
solutions to be quantified.  At a fundamental 
level, the learning opportunities lie within the 
challenges of how to match capability with 
requirements, while meeting safety constraints, 
and how to exploit the creative energy of a team.  
 
This paper presents the overall methodology of 
the FHQ module and includes sketches from the 
FHQ Team activities over the last 3 years.  A set 
of Appendices is included to make this paper a 
self-contained, complete description of the 
module.  Appendix A gives the Guidance Notes 
for students undertaking the module, including a 
section on ‘the purposeful group’.  Appendix B 
outlines the required structure of the Team 
Report.  Appendix C gives the advice to Teams 
for their oral presentations and associated 
assessment.  Appendix D summarises the 
various changes to the module content and 
structure over the last 3 years and also plans for 
the future.  Finally Appendix E describes the 
primary modelling and simulation tools available 
to the FHQ Teams – FLIGHTLAB and 
HELIFLIGHT.  
 
 
 

2. FLIGHT HANDLING QUALITIES – THE 
MODULE 

 
2.1. Overall Methodology 
The module was conceived as a 15 credit1 
problem-based-learning activity providing the 
opportunity for students to integrate and apply 
knowledge and skills gained during 4 years of a 
multi-disciplinary Aerospace Programme.  The 
Module Specification states that, “The aim of this 
module is to provide students with the 
opportunity to learn about handling qualities 
theory, and then to put this into practice by 
making an assessment of an aircraft with specific 
handling qualities deficiencies, and developing 
the technology to fix these, either through 
aerodynamic design or control system 
augmentation.”  The theory of handling qualities 
engineering is presented during the first 6 weeks 
in semi-formal lectures, supplemented by a 
number of team building exercises (see Section 
2.4 below) and half-day workshops on the use of 
the modelling and simulation software package, 
FLIGHTLAB (Refs 6, 7, also Appendix E).  A 
comprehensive set of lectures notes is provided 
to each student, who also has access to standard 
text books and key papers and reports on the 
subject (e.g. Refs 8-21).  The students are 
formed into Teams of 4 or 5, allocated a-priori by 
the module coordinator based on perceived 
ability, pre-requisite knowledge and gender.  
Each team is presented with the task of 
assessing and quantifying the HQs of their 
particular aircraft in a defined role.  They are 
required to identify and develop fixes to handling 
deficiencies.  Each team has to write an interim 
Report at the end of the first semester showing 
how they have assessed the basic aircraft, 
describing the HQs and indicate potential 
solutions to the problems.  A Final Report is 
required at the end of the second semester, 
describing the ways in which the HQ problems 
have been fixed, making recommendations on 
the future use of the aircraft and its suitability in 
the role.  Teams are required to present their 
work to a ‘Customer’ group with the objective of 
demonstrating that the aircraft is now fit for the 
role.  Each individual student maintains a 
‘Personal Learning Journal’, in which they 
document the development of their 

                                                 
1 Students take 120 credits in undergraduate programmes, 
180 credits in postgraduate taught programmes 
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understanding of handling qualities, how they 
impact operational capability in the form of self-
reflection notes.  
 
The initial ‘lectures’ cover the following topics 
 

a. Resume of flight dynamics principles for 
fixed and rotary wing aircraft (building on 
year 3 material) 

b. Introduction to handling qualities and HQ 
specifications and Levels 

c. Concepts of operational flight envelope and 
safe flight envelope, missions, mission 
phases and mission task elements, usable 
cue environment, response types 

d. Dynamic Response Criteria including 
stability, bandwidth, quickness, Control 
Anticipation Parameter (CAP), control power, 
cross coupling 

e. Assembling the required handling qualities 
and defining the overall HQ level 

f. Designing a HQ manoeuvre based on a 
mission task element, inc. performance 
standards 

 
Students are encouraged to produce a road map 
of their expected progress covering such activities 
as,  

a. Develop understanding of defined aircraft 
type and operational role, including 
breakdown of missions and mission phases 

b. Task division discussed, agreed and 
allocated by Team with guidance from 
mentor 

c. Familiarise with use of FLIGHTLAB and 
associated toolboxes 

d. Quantify ‘predicted’ HQs using FLIGHTLAB 
offline, identifying HQ deficiencies and 
potential shortcomings in operational role; 
prepare and give presentation to coordinator 
and mentor 

e. Design initial piloted tests, including critical 
mission task elements; solicit feedback from 
test pilot, conduct first trials 

f. Workshop to discuss potential improvements 
including pilot comments and input 

g. Strategy for improved design 

h. Make design changes to aircraft 
configuration or control system 

i. Evaluate impact of changes using toolbox 
and piloted tests 

j. Present results to Customer group 

k. Write Team report on HQ analysis and 
Assessment (see Appendix B) 

Students maintain a personal learning journal, 
which fully documents the development of their 
understanding, through learning reflections.  The 
Teams are encouraged to meet regularly, keep 
records of their decisions and action trail, and 
share understandings and skills through Technical 
Leaflets (T-Leaves).  The module design is centred 
on a number of Learning Outcomes, the 
assessment of which now underpins the 
accreditation of Engineering degree Programmes 
by the UK Engineering Council and associated 
professional bodies, e.g. The Royal Aeronautical 
Society, The Institution of Mechanical Engineers. 
The Institution of Electrical Engineers.  

The module features timetabled weekly 2-hour 
sessions, but the students are expected to meet in 
their teams weekly on, at least, one other occasion 
to review progress, share knowledge and allocate 
future tasks.  During the Simulation trials, the 
Teams have access to their test pilot for about 2.5 
hours, within which they conduct the briefing, run 
the simulation and conduct the de-briefing; the 
actual simulation slot is nominally 75 minutes.  The 
students can communicate with the test pilots 
outside this period by email. 
 
2.2 Learning Outcomes 
Learning outcomes are defined for all modules 
offered as part of an accredited degree 
programme, with accreditation determined by 
demonstration of assessment.  They can 
conveniently be divided into four categories, 
below, each with its own list of sub-outcomes. 
 
Knowledge and Understanding: On successful 
completion of the module, students should be 
able to demonstrate:  
 

a. knowledge and understanding of a range of 
different handling qualities requirements for 
different classes of aircraft and different 
missions (e.g. ADS-33E, MIL STD 1797, 
FAR 25/29) 

b. the way in which different aircraft design 
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parameters affect handling qualities 
c. an understanding of the uses of HQ rating 

scales 
d. how to apply modelling and simulation 

methods to whole aircraft dynamics 
e. how to design and conduct a handling 

qualities experiment 
f. appropriate terminology for interacting with 

pilots in briefing, while flying and in de-
briefing 

g. how to improve handling qualities through 
control system or aerodynamic design. 

 
Intellectual Abilities: On successful completion of 
the module, students should be able to 
demonstrate their ability to apply knowledge and 
understanding of the above topics to:  

a. solve HQ problems and carry out the 
associated analyses, HQ parameter 
calculations and evaluations 

b. describing and explaining qualitative aspects 
of handling qualities, including pilot opinion 

c. using the methodologies to model, simulate 
and improve Flight Handling Qualities. 

 
Practical Skills: On completion of the module, 

students should be able to show experience and 
enhancement of the following discipline-specific 
practical skills: 

a. in the use of specialist software, e.g. 
FLIGHTLAB, MATLAB/SIMULINK 

b. in the use of a Flight Simulator and the 
design of HQ experiments. 

 
General Transferable Skills: On completion of the 
module, students should be able to show 
experience and enhancement of the following 
key skills: 

a. written, presentation and inter-active 
communication skills 

b. group-working skills 
c. mathematical and IT skills 
d. problem-solving skills 
e. lifelong learning skills through the use of a 

learning journal, in which new knowledge 
gained is recorded properly through 
reflection, problems highlighted and solution 
options discussed. 

 
2.3 Assessment 
The assessment is based on three components 
as shown in Table 1. 

  
Assessment Weighting % Timing Material 

Continuous 
Assessment 

30% 
 

50% 

20% 

Fortnightly returns 
 

Week 10, semester 
1 

Week 10, semester 
2 
 

Week 9, semester 2
 

Individual’s HQ Learning Journal 
 

Interim Report on HQs 
Final report on HQs 

 
Team’s oral presentation 

 
Table 1 Flight Handling Qualities Assessment 

 
The personal learning journals are read by the 
module coordinator, who provides written and 
oral feedback and gives a score on a scale of 
excellent to unsatisfactory.  The Interim Reports 
are given a provisional mark and the students are 
encouraged to make improvements based on the 
written and oral feedback from the module 
coordinator and mentors.  These can be 
embodied within the Final Report, handed in at 
the completion of the module.  The oral 
presentation is marked on the same scale as the 
PLJ, addressing such aspects as technical 
content, team-work, presentation quality (see 

Appendix C).  Typically, each presentation, 
lasting 30 minutes, followed by a 30 minute Q&A 
session, will be assessed by 6 different people 
(module coordinator, moderator, visiting 
Engineers, Departmental staff members, 
mentors). 
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2.4 Team Building Exercises 
Four exercises have been developed to expose 
students to some of the trials and tribulations of 
Team ‘work and play’. 

a. The Paper Tower and the Helicopter 
Landing Pad; teams are required to build, 
from newspaper, a tall free standing tower 
with a helipad on top (i.e. a space > 0.5 sq 
ft, for an identified model helicopter to be 
placed).  Raw materials and basic tools are 
provided and the teams have 40 minutes to 
design and build the tower and a further 10 
minutes to describe the design and 
construction process.  This is an 
‘icebreaker’ type of exercise which 
encourages the team to work towards a 
goal with time and technical constraints, 
while featuring both competitive and fun 
aspects.  

b. The dilemma of the Rookie Test Pilot. The 
teams are asked to consider the scenario 
where an aircraft company is about to 
deliver a new model to a customer.  The 
Chief Test Pilot and Chief Designer are 
agreed that they have created a product 
that meets the customer requirements very 
well.  They ask a new ‘rookie’ test pilot, 
recently joined from the military, to make a 
quick evaluation of the aircraft against 
some specification aspect.  The pilot 
returns to say that he feels that the aircraft 
does not adequately meet the requirements 
and there may be a problem in operational 
service; he discovered a HQ deficiency 
when pushing the aircraft to its performance 
limits.  A meeting is called between the 
Chief TP, Designer and Managing Director 
to resolve the situation; the FHQ teams are 
asked to play the different roles in this role-
play exercise.  This exercise provides the 
team the opportunity to explore situations 
where there is strong vested interest by 
more than one member of a Team and 
another member who holds a different view, 
equally strongly, and may feel isolated and 
pressured into giving way.  

c. A Paper Review – What’s in it for me? 
Teams are required to conduct a critical 
review of Ref 13, (Lessons Learned 
Concerning the Interpretation of Subjective 
Handling Qualities Pilot Rating Data, Roger 
Hoh, 1990).  In this paper a number of 

issues are dealt with that the students need 
to take into account during the module, e.g. 
vested interest, importance of good 
experimental design, data scatter, the 6-
sigma pilot.  The Teams report back during 
a Lecture slot on their findings.  Conducting 
paper reviews to establish the critical 
knowledge to guide the student’s own 
understanding and research progress is 
vitally important in engineering and 
conducting this as a collective exercise has 
proved very successful.  For a class size of 
20, about 90 minutes can easily be 
allocated to this review. 

d. How Can I Help You? Students are asked 
at the beginning of a lecture (on Dynamic 
Response Criteria) to note one thing that 
they have difficulty with understanding.  
During the following week they should 
share this with the team, and the team 
members should work with each other to 
reach an improved state of knowledge and 
understanding.  The results of the sharing 
are brought back to the whole FHQ group 
the following week.  This exercise simply 
encourages the students to not hold back 
from asking for help and encourages 
sharing of knowledge, so important for team 
success. 

 
3. FHQ MODULE SKETCHES 
 
Each FHQ Team is provided with a short 
description of their aircraft and its operational 
role, defined to stretch its capability.  The aircraft 
have no stability and control augmentation at the 
outset and it is known that pilots will experience 
various levels of difficulty in performing the 
defined mission.  Handling qualities and pilot 
difficulty are measured in Levels, 1-4, where, 
broadly speaking, Level 1 means that the pilot is 
able to achieve the defined mission well with 
safety and performance standards.   Level 2 
means that the standards are only just 
achievable and pilot workload is, at worst, 
extensive.  Level 3 means that the mission tasks 
are not achievable and in Level 4, there is a high 
risk of loss of control.  By analysing the dynamic 
behaviour of the aircraft in response to control 
inputs, the teams should be able to identify 
where the deficiencies lie; these are the 
predicted HQs.  If the teams design the tests 
correctly, the pilot simulation tests should confirm 
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these results and also highlight other 
deficiencies; these are the assigned HQs, given 
on a scale of 1-10 (HQR 1-3 is Level 1, 4-6 is 
Level 2, 7-8 is Level 3 and 9-10 is Level 4).   The 
design of the test manoeuvres to be flown by the 
pilot is critical to the whole HQ test and 
evaluation process.  The teams need to de-
construct the aircraft missions into phases and 
then into mission task elements (MTEs), which 

serve as the basis of the test manoeuvres.  If the 
students identify the HQ-critical MTEs then the 
pilots will almost certainly discover the major 
deficiencies.  A key task for the students is to link 
the predicted and assigned HQs.  In the following 
sketches, the aircraft, mission and operational 
performance are summarised, and examples of 
the work of the FHQ Teams from 2005 are given. 
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Team 1 - The Bo105 in the Anti-Submarine Warfare (ASW) Role 
 
 
 
The Bo105 helicopter is to be upgraded to fly ASW missions to and from a mother 
Frigate.  The following outline performance should be used in the Handling 
Qualities assessment. 
Ref 14 is available as a knowledge supplement. 

 

Outline Performance Requirements 
• Hover Power (torque) margin (% to 88% red line torque)              10% 
• Cruise speed H > 250ft                              140 kts 
• Emergency transient manoeuvre capability in cruise               2.5g 
• Low speed wind envelope (for deck, landing and take-off operations) 
• 0 – 60 deg                   50kts 
• 60 – 90 deg       30kts 
• 90 – 180 deg       20kts 
• Control margins throughout the low speed wind envelope should be 10%   
• Handling qualities may degrade from Level 1 to Level 2 (HQR 5 max) with high winds from side 

and rear quarters. 
• Missions may be conducted in partially degraded environments when the low speed envelope may 

be reduced by 20% 
• Deck touchdown velocity limit for undercarriage    12 ft/sec 
• Landings should normally be achieved with 50% safety margin (adequate performance limit) 
• To take advantage of quiescent periods (of ship motion) landings should be successfully 

completed within 10seconds from hover alongside ship 
• Pilot should have full hover hold capability for ASW mission phase 
• As an emergency situation the aircraft should be tested to evaluate its characteristics in 

autorotation and during an engines-off landing 
 

Figure 1 shows a sketch of the critical approach 
and landing MTEs identified by the students; 
performance standards were used that conform 
to a typical manual landing within the narrow 
constraints of a deck grid.  The team identified 
one of the critical deficiencies as a lack of yaw 
attitude response in the basic aircraft.  Through 
the use of feedback/feedforward control they 
were able to improve the response and 
measured this in terms of the ADS-33 attitude 
quickness parameter.  Figure 2 shows that the 
team were able to increase the quickness to 
reach the Level 1/2 handling qualities boundary.  
This improvement in agility was achieved without 

a penalty to stability.  With a 20kts wind from the 
rear (a worst case for ship operations), the pilot-
awarded HQRs improved from 6 (Level 2) in the 
original Bo105 to 3 (Level 1) in the upgraded 
aircraft.  In all, the team designed 5 MTEs to 
exercise the HQs in various phases of the 
mission.  The improvements resulted in Level 1 
HQs in most areas.  Their control system 
upgrade required relatively straightforward 
technology, although the Team recognised that 
new dual-port actuators would be required to 
accept the electronic inputs from the 
augmentation system. 
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Fig 1:The Deck Landing Mission Task Element Fig 2 Bo-105 Yaw Attitude Quickness 
(◊ original Bo105 ◊ with yaw quickening) 
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Team 2 – Bell XV-15 in Search and Rescue Role 
 
 
The XV-15 aircraft is to be used in the search and rescue (SAR) role 
operated by the coast guard.  It will normally take-off and land vertically in 
helicopter mode (nacelle = 90 deg), convert to airplane mode (nacelle = 0 
deg), re-convert to helicopter mode on arrival at the rescue location and 
reverse the process to fly back to base.  A special ‘loiter’ phase is envisaged 
where the aircraft is operated with the nacelles tilted to 60deg; when the 
edges of the conversion corridor are at 60kts and 150kts.  
Refs 15 and 16 are available as knowledge supplements. 

 

 
 

Outline Performance Requirements 
• A conversion mode speed envelope of 80-130kts 
• Manoeuvre capability of +2.5, 0g within this envelope 
• Ability to increase and decrease speed within the corridor rapidly maintaining constant height 
• Ability to change flight path angle (climb and descend) within corridor while maintaining 

constant speed 
• Typical manoeuvres to be flown in SAR mode will include terrain following, valley tracking and 

rapid speed and height changes. 
• Manoeuvres may be performed in partially degraded visual environments. 
• This aircraft will occasionally be operated from busy airports and it is required to assess its 

vulnerability to an encounter with the vortex wake of a large civil transport aircraft. 
• Landings should normally be achieved with 50% safety margin (adequate performance limit) 
• To take advantage of quiescent periods (of ship motion) landings should be successfully 

completed within 10 seconds from hover alongside ship 
• Pilot should have full hover hold capability for ASW mission phase 
• As an emergency situation the aircraft should be tested to evaluate its characteristics in 

autorotation and during an engines-off landing 
 
Research ongoing at the University allowed this 
team to access published material on the mission 
phases of a future civil tilt rotor operating in the 
search and rescue role (Fig 3).  The so-called 
loiter mode was emphasised in the outline 
requirements, with nacelles rotated to the 60 deg 
position.  The team were able to develop an MTE 
to exercise the roll-yaw handling qualities and the 
height-speed control coordination during turns.  
The HQs in this roll-step manoeuvre (Fig 4) flown 
at 100kts were rated as 6 before improvement 

and 4 after the upgrade.  The newly developed 
control system suppressed unwanted couplings 
and gave the pilot more precise control of roll 
angle during the tracking phase along the runway 
edge.  The HQs at higher speeds were not 
improved as the increased stability provided by 
the control system reduced the agility.  This 
result highlighted the trade off between these two 
HQ attributes to the team, and the importance of 
the need for compromise in design. 
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Tilt Rotor Aircraft 
Search & Rescue Mission Phases 

 
• take off 
• climb out/conversion 
• climb-cruise in airplane mode 
• loiter in search zone 
• recover to search point/rescue 
• climb out/conversion 
• climb-cruise-descend in airplane 

mode 
• approach and re-conversion 
• landing 

 
 

Fig 3 The Nine SAR Mission Phases 

 
Fig 4 The Roll Step Mission Task Element with 

performance standards 
 
Team 3 – The Wright Flyer development into a Practical Aeroplane 
 

 
The Wright Flyer was first flown on Dec 17th 1903, marking the first 
successful powered flight.  However, the aircraft displayed a number of 
HQ deficiencies that took the Wright Brothers about 2 years to fix.  The 
aircraft is to be developed as a vehicle which can be used as a basic 
observation platform, flying circular flight paths over the ground in 
winds up to 10kts.  The following outline performance should be used 
in the Handling Qualities assessment. 
Refs 17 - 19 are available as knowledge supplements. 

 

 
 

Outline Performance Requirements 
• Take-off run     < 300 ft 
• Climb to 250ft altitude   < 1 minute 
• Cruise speed     35kts 
• Maximum speed    45kts 
• Time to turn through 360 deg  < 30 secs 
• Typical manoeuvres to be performed include:  

o roll to 20 deg bank, perform coordinated turn through 90 deg and roll out on new 
heading 

o recover from upset caused by vertical or side gust 
o land following engine failure at altitude of 250ft 
o change speed by +/- 5kts 

• As an emergency situation, HQs following engine failure from a height of 250feet, gliding and 
landing should be assessed. 

 
From their offline analysis, the Team discovered 
that the original Wright Flyer was unstable in 
pitch, roll and yaw.  The large negative pitching 
moment, Cm0, caused by the camber on the main 
wing, meant that the centre of gravity (cg) of the 
aircraft needed to be aft of the aerodynamic 
centre, giving a large negative ‘static margin’ (h) 
and hence pitch instability (Fig 5).  The team 

designed five MTEs to test the aircraft in take-off, 
climb, cruise, turning flight and landing; in its 
original form the HQs of the aircraft were rated 
Level 3.  Part of the re-design involved increasing 
the size of the canard control surface and its 
distance from the cg.  The cg was moved forward 
and the instability reduced.  Figure 6 shows a 
comparison of the pitch attitude during take off 
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and climb out before and after modification.  
Although the take-off itself was still Level 3 with 
the upgrade, the climb manoeuvre was rated 

Level 2, as were all the other in-flight 
manoeuvres. 

 

 
 

Fig 5 Free-body Side-view of Wright Flyer showing 
applied forces 

 
 

Fig 6 Comparison of pitch attitude variation during 
take-off and climb before and after modification 
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Team 4 - Grob Tutor Conversion to Combat Trainer 
 

 
 
The Grob Tutor is designed as a basic flying trainer.  The aircraft 
is to be upgraded to provide initial training for combat and to 
provide rough/small field performance.  
 
Refs 20-21 are available as a knowledge supplements 

 

 
 

Outline Performance Requirements 
The following outline sea level performance should be used in the Handling Qualities assessment. 
 

• Maximum cruise speed    200kts 
• Sustained ‘g’ capability at 200kts              3 
• Transient g capability at 200kts   4 
• Time to roll to 70deg (and hold) from level flight < 2 secs 
• Landing speed (with flaps extended)                  < 70kts 

 
Typical manoeuvres should include; 
 

• Aircraft should be able to track a moving or fixed target at combat speed (200kts) 
maintaining target within azimuth and range constraints of typical forward firing 
weapon.  

• The aircraft should have roll HQs sufficient to fly a slalom type manoeuvre with 
reasonably high levels of aggressiveness (e.g. runway roll-step with Aspect Ratio of 
0.1). 

 
As an emergency situation the aircraft’s vulnerability to encountering the vortex wake of a large 
aircraft (Hercules-class) should be assessed. 

 
The Grob Team was faced with a broader range 
of challenges as a new powerplant was required 
and significant redesign of the control surfaces 
as well as control augmentation.  The Team also 
had to quantify the risk in the emergency 
situation of a close encounter with the vortex 
wake of a Hercules-size aircraft.  The Team 
modified an existing simulation of a vortex wake 
and designed an experiment whereby the pilot 
flew through the vortex at different approach 
angles and different flight conditions.  Figures 7-9 

show the aircraft roll rate, pilot’s aileron control 
movement and aircraft height change during the 
encounter.  The pilot holds full opposite aileron 
for about 5 seconds during the encounter as the 
roll rate built up to about 60deg/sec and the 
aircraft lost nearly 200 feet in height.  The 
severity was classed as catastrophic, requiring 
that operational constraints be introduced (e.g. 
separation distances, even during intense military 
activity) to reduce the encounter risk. 
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Fig 7 Roll rate during vortex wake 
encounter 

 
Fig 8 Pilot’s roll command during 

vortex wake encounter 

 
Fig 9 Height changes during 

vortex wake encounter 

Team 5 – The UH-60 Blackhawk in the Tactical Transport Role 
 

 
The Blackhawk helicopter is designed to fly tactical transport missions, 
delivering troops and equipment to different points in medium intensity 
battle areas.  The aircraft is to be fitted with stability and control 
augmentation system to improve the handling qualities and allow flight in 
degraded visual environments. 

 

 
 

Outline Performance Requirements 
The following outline performance should be used in the Handling Qualities assessment. 
 

• Hover Power (torque) margin (% to 88% red line torque) 15% 
• Cruise speed H > 250ft     150 kts 
• Tactical operating speed 100< H<250ft   100 kts 
• Tactical operating speed 50 => 100ft (NoE)              45 -100 kts 
• Tactical operating speed < 50ft    45 kts 
• Transient g capability       2.5g at 100kts 

 
Typical nap-of-Earth manoeuvres 

• Terrain following, valley-following/jinking to avoid enemy, acceleration-deceleration across 
clearing, rapid bob-up manoeuvre for observation  

 
Missions may be conducted in partially degraded environments when low speed ‘re-positioning 
manoeuvres such as a side-step or bob-up may be required. 
An assessment should be made of this aircraft’s ability to survive a loss of tail rotor drive through 
damage caused by hostile fire. 

 
The UH-60 Team needed to understand and 
come to terms with many of the basic 
destabilising and cross coupling effects in an 
unstabilised helicopter in their off-line analysis 
and piloted tests.  One of the HQ parameters 
they homed in on was the large yaw coupling 
when the pilot applied collective; an effect that 
led to Level 3 handling qualities when the pilot 
tried to use the maximum agility of the aircraft.  

The HQ criteria took the form shown in Fig 7 and, 
as part of their repair work, the Team designed a 
de-coupler that gave Level 1 handling qualities.  
The pilot awarded Level 2 HQRs when applying 
maximum torque in the Bob-Up MTE but qualified 
this with the statement that this was likely to be 
acceptable in the rare emergency situations 
when this level of agility would be required. 
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Fig 7 ADS-33 HQ criterion for cross coupling 

between collective and yaw rate (r) following a 
height rate command ( h ) &

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 8 UH-60 Bob-up HQRs as function of applied 
torque;   × - original aircraft  ○ – after decoupling 
and stabilisation      (------ maximum continuous 

torque) 
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4. TECHNICAL FEASIBILITY AND 
ECONOMIC VIABILITY 

 
Students are required to address these topics 
in the context of the upgrades they have 
conceived, designed and implemented.  Most 
teams often approached these by comparing 
the original aircraft with the upgraded aircraft 
and also an existing aircraft that featured a 
similar performance to their upgraded aircraft.  
For example, the Grob Team compared their 
new aircraft with the Raytheon T-6A Texan II, 
an option that matched the performance of the 
upgraded Grob, except for the rough field, 
short landing performance.  The Bo105 Team 
achieved their improvements entirely within a 
new automatic flight control system, as did the 
UH-60 Team.  The latter had costed the fitting 
of a duplex redundant system, to achieve the 
appropriate level of hardware redundancy, but 
had not taken account of the likely software 
costs and were unable to quantify the 
certification costs.  The Wright Flyer team were 
restricted to use ‘technology of the day’ but 
were guided by the Wright Brothers experience 
in 1904 and 1905 and some information on 
their expenditure is available in the literature.  
Within these comparisons, the added 
performance must be weighed against the 
likely extra weight (hence reduced payload) 
and cost of the upgrade.  The question then 
boils down to whether it is cheaper to upgrade 
or buy new, in which case operating costs also 
enter the picture.  The confidence in the weight 
and cost data that the students have access to, 
or were able to ‘guestimate’ in this phase of the 
module is actually rather low.  Also, experience 
to date suggests that, while the technical 
feasibility can be a relatively straightforward 
question to tackle, the financial viability is 
much more challenging and often given short 
thrift in the final stages of the Teams’ work.  
Clearly, economics play a major part in the 
engineering process but the limited exposure 
the students have to the subject within their 
degree programme, and the limited access to 
manufacturers’ technical and pricing data, in 
turn limits the students ability to address this 
issue within FHQ.  In practice, learning about 
Handling Qualities, conducting the 
assessments and making the necessary 
design changes, already engage the students 
in active learning to major extent.  The whole 

subject of economic viability within the FHQ 
module is under review, a process informed by 
the many lessons learned during the first four 
years of operation. 
 
5. SOME LESSONS LEARNED 
 
Lessons learned during the early years of this 
PBL module have led to developments 
summarised in Appendix D.  Some of the key 
areas are listed below;   

a. Setting of ‘deliverable’ dates; the 
module assessment is based on a number 
of key deliverables, e.g. the final report and 
Team presentation.  It is important to take 
account of other course-work commitments 
when setting the dates for these.  In 
particular, clashes with hand-in dates for 
the individual and group project reports can 
lead to high workload and deterioration of 
quality. 

b. What are Personal Learning Journals?  
Some students have difficulty with self 
reflection on their learning and 
distinguishing between knowledge and 
intellectual abilities.  Engagement of staff 
from the University’s Centre for Lifelong 
Learning has helped to reinforce the value 
of this aspect of the module.   

c. FLIGHTLAB Workshops.  When these 
sessions occur is critical to their value – too 
early and the students cannot associate; 
too late can inhibit progress. 

d. The Importance of Pilot briefings.  
Teams need to understand the purpose of 
the pilot briefing and how a common 
understanding of what is required can save 
considerable time.   

e. Preparation for trials.  Teams that are 
well prepared for the piloted tests and have 
sought the opinions of the test pilot 
beforehand are likely to have a successful 
trial; the opposite is also true. 

f. Dealing with Team Problems.  Teams who 
face their technical and personal problems 
together and promptly usually achieve a 
equitable work-share.  In particular, Teams 
experiencing problems with members not 
‘pulling their weight’ need to deal with this 
in a deliberate fashion; if this does not 
succeed, they need to raise the problem 
with the module coordinator.   
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6. CONCLUDING REMARKS 
 
This paper has presented a description of the 
approach taken in the development and 
delivery of a problem-based-learning module 
for students in their 4th and final year of the 
Aerospace Engineering Degree Programme at 
the University of Liverpool.  The students 
engage in active learning in all four phases of 
the CDIO cycle.  They analyse aircraft 
deficiencies that inhibit pilots from achieving 
desired mission performance, they conceive 
options for repairing the aircraft and correcting 
the deficiencies, they design and implement 
the successful options and they evaluate the 
improvements against operational standards 
using a piloted flight simulator.  The students 
work in Teams of 4, giving about 600 man 
hours of effort available for the tasks to be 
undertaken.  Students are encouraged to 
adopt professional project conduct processes 
in this module, and are given milestones and 
deliverables related to their HQ predictions, 
initial piloted trials, interim reports, second pilot 
assessments, team presentations and final 
reporting.  Each student maintains a personal 
learning journal for recording their experiences.  
Generally, students regard the FHQ module as 
an integrating experience, requiring hard, co-
operative, work in Teams to achieve the goals.  
The module is reviewed annually and subject 
to continuous improvement. 
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APPENDIX A 
 

GUIDANCE NOTES FOR AERO 401 - FLIGHT HANDLING QUALITIES 
 
1. INTRODUCTION 
 

Flight Handling Qualities is a 15-credit, 
Problem-Based-Learning (PBL), module.  
The aim is to equip students with the skills 
and knowledge required to tackle handling 
qualities and related ‘whole aircraft’ problems 
in Industry.  The theory of handling qualities 
engineering will be presented in the first 6 
weeks of the first semester and a set of notes 
will be provided to each student to 
supplement the lectures.  The students form 
into 5 Teams of 4.  Each team will be 
presented with a task of assessing and 
quantifying the HQs of a particular aircraft in 
a particular role and developing fixes to any 
handling deficiencies.  Each team will have to 
write a Report (Interim, 1st Semester) 
showing how they have assessed the basic 
aircraft, describing the HQs and indicate 
potential solutions to the problems.  A Final 
Report (2nd Semester) will be written 
describing the ways in which the HQ 
problems have been fixed, and making 
recommendations concerning the future use 
of the aircraft and its suitability in the role.  
They will present their work to a ‘Customer’ 
(group of staff) with the objective of 
demonstrating that the aircraft is now fit for 
the role.  Each individual student will maintain 
a ‘Learning Journal’, in which they will 
document the development of their 
understanding of handling qualities from the 
beginning of the module.   

 
Students need to spend about 150 hours on 
a 15-credit module, or about 7.5 hours per 
week (on average) over 20 weeks. 

 
Assessment will be 100% coursework.   

 
These guidance notes are intended to help 
students understand the process of active, 
problem-based, learning and to describe the 
structure and content of the module. 
 
 

 

2. THE ESSENCE OF PROMBLEM 
BASED LEARNING 

 
Four themes underlie PBL. 

• Explore problems using background 
knowledge and experience, 

• Analyse problems and formulate 
hypotheses that might explain them, 

• Design and conduct experiments or 
perform theoretical analysis to test 
hypotheses, 

• Develop new understandings and 
formulate problem solutions. 

 
In PBL, the tutor acts as a facilitator rather 
than a teacher, encouraging useful lines of 
questioning rather than providing explicit 
answers, and, when appropriate, provides 
problem solving structures or methodologies. 

 
In PBL, the students take responsibility for 
their own learning, engaging in active 
learning through critical self reflection, self 
assessment and collegial learning. 

 
In the Flight Handling Qualities module, the 
aircraft with its handling deficiency becomes 
the focus for knowledge acquisition.  This 
method of learning helps the student to 
garner transferable, technical and 
interpersonal skills that will serve them for the 
rest of their lives. 

 
3. THE LECTURES 
 

The Lectures provide the theoretical basis for 
aircraft handling qualities.  They are 
supplemented by a handout containing 
copies of the Powerpoint presentation slides.  
Attendance at the lectures is a required part 
of the module.  The Lectures will be 
structured on a rational basis and will present 
a holistic approach to Handling Qualities 
Engineering based on a mission analysis.  
The Lectures will prepare students for the 
PBL component of the module. 
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4. HQ TEAM ACTIVITY 
 

The objectives of the HQ team PBL activity 
are to; 

(i) quantify the HQs of the aircraft as given 
against appropriate criteria and 
measures thus defining areas requiring 
improvement, 

(ii) understand the sources of the 
deficiencies, 

(iii) design improvements using both 
aerodynamic and control system 
technologies, implement in the 
simulations and test the upgraded 
aircraft, 

(iv) demonstrate that the upgraded aircraft 
has Level 1 HQs in its operational flight 
envelope for the defined mission.  Any 
areas where the HQs are likely to 
degrade to Level 2 or 3 should be 
discussed and appropriate methods for 
dealing with these deficiencies should 
be defined, 

(v) define and rationalise the level of 
redundancy in any flight control system 
functions. 

 
The final report should cover all these topics 
and will be graded on how well the students 
address these issues.  
Critical to the success of any team activity is 
achieving a mutual understanding of what 
has to be done, agreeing an equitable share 
of the tasks, supporting each other when 
required, each individual pulling their weight 
and agreeing a plan.  The plan needs to be 
realistic and achievable in the timescales but 
it also needs to be challenging because many 
of the skills and knowledge will not exist in 
the team at the outset and the nature of the 
handling qualities problems are such that 
developing solutions requires thinking ‘out-of-
the-box’, i.e. outside the constraints of current 
knowledge and understanding.  The 
significance of this will hopefully become 
clearer as the module progresses. 

 
Developing a mutually agreed plan is also 
critical to a successful outcome.  A good plan 
will have defined ‘Waypoints’ which indicate 
the successful completion of a task or group 
of tasks.  A Waypoint will be reached when 

one or more goals have been met.  The 
teams will need to define these goals – 
sometimes referred to as Exit criteria – if the 
exit criteria are met then it is possible to move 
on toward the next Waypoint.  The Teams are 
strongly encouraged to take this concept very 
seriously.  The Waypoint concept is drawn 
from aerial navigation whereby a pilot will 
define on the map a series of points (joined 
by straight lines) that he/she has to pass over 
on route to their destination.  Possible 
Waypoints in the FHQ Team Activity include; 

 
a) complete mission analysis with defined 

mission task elements, flight test 
manoeuvres and associated performance 
standards 

b) agree appropriate HQ criteria (relevant to 
mission) and define (compute) aircraft 
HQs according to criteria (usually involves 
applying test inputs to FLIGHTLAB model 
in offline mode) 

c) conduct piloted evaluations of aircraft 
HQs in ‘baseline’ configuration and 
establish pilot perceived HQs 

d) define the areas where HQs are suitable 
for mission and where there are 
deficiencies (based on results from b) and 
c)) 

e) hypothesise/develop alternate concepts 
for fixing HQ deficiencies 

f) complete testing of candidate solutions 
and quantify levels of improvement 
achieved. 

 
The HQ Team Report should be structured as 
shown in the HQ Team Report template.  The 
length of the Report is not prescribed but it 
reflects the efforts of the team over a 20-
week period and is worth 50% of the module 
assessment so is effectively worth the same 
as a conventional 7.5 credit module and 
therefore needs to be a substantial 
document.  The HQ team should share the 
production of this report.  It is stressed that 
the Team Report is a major product of the 
Team work that is assessed – it should 
properly reflect the work of the Team over the 
period of their knowledge skill and 
development. 
One of the potential negative aspects of team 
work is the concept of a ‘passenger’ – a 
member who does not contribute an equitable 

FHQ © Gareth D Padfield, 2005 19



 

share towards the work of the team.  
Normally a Team will develop working 
practices and ethics that discourage any 
member from becoming a passenger.  This 
will come partly from mutual encouragement 
and support and partly from taking a 
disciplined approach to responsibility.  The 
assessor has to deal with the rare situation of 
a Team not achieving its full potential 
because of a passenger.   This will be 
achieved by having flexibility to award 
different ‘marks’ for each member for their 
contribution to the Team Report.  To facilitate 
this it is required that the contributions to 
each section of the Team Report be 
indicated, e.g. member 1 – 25%, member 3 – 
75%.   
A Team will know if a member is not pulling 
his or her weight, simply because progress in 
the allotted tasks will not be satisfactory.  The 
first solution is to try to solve this ‘problem’ 
within the Team.  If this does not work then 
the issue needs to be brought to the attention 
of the module coordinator who will help the 
Team resolve the problem.  Identifying 
potential passenger problems at an early 
stage, and reaching a satisfactory solution to 
such problems, is crucial and forms part of 
the team skill development which can be 
carried forward into one’s career. 
Section 7 of these notes for guidance 
discusses some of the attributes of a 
successful and purposeful group and other 
potential problems.  It is strongly 
recommended that students study these 
carefully and initiate team discussion on what 
these issues mean to them and their work. 

 
5. THE PERSONAL LEARNING JOURNAL 
 

The focus of the Personal Learning Journal 
(PLJ) is to record the conduct and completion 
of required tasks.  The Journal also aims to 
encourage self-reflection on what has been 
learned and how things could be done 
differently.  The Journal should provide a rich 
source of information about a student’s self-
assessed knowledge and competence in the 
exercise of skills.  The Journal also provides 
the basis of an external assessment of the 
student’s competence in terms of their 
technical knowledge and understanding, 
intellectual skills and abilities, ability to apply 

these skills in practical situations and 
generally transferable skills, particularly 
relating to team-work. 
 
A good understanding of what is required in 
terms of content in the PLJ is important.  An 
PLJ is not a list of facts but is a reflection by 
the person on how their understanding and 
thinking has changed over a period and why. 
The Journal counts for 30% of the module 
assessment and is a very important 
document.  It should be handed in to the 
module coordinator, in hard copy, every 2 
weeks commencing on the date of the 3rd 
Lecture period; the coordinator will return it 
signed and marked with a grade in the 
following week with appropriate comments 
(according to scale; A – excellent, B - very 
good, C - good, D – fair, E – unsatisfactory). 

 
6. THE ORAL PRESENTATIONS 
 

Each HQ team will present their findings to 
the module coordinator, at least one other HQ 
Team and others as required, including 
practicing engineers from Industry.  The 
presentation will last for 30 minutes and will 
involve all members of the team.  The overall 
aim of the presentation is to convince the 
audience that the Team has been able to 
develop solutions to the HQ deficiencies that 
provide an operator with an aircraft that is 
safely usable within a defined operational 
flight envelope.  The presentation should 
cover the same ground as the HQ Team 
Report and make recommendations for 
further improvements that the Team consider 
appropriate.  
 
There will be an interim presentation in the 
first semester, prior to the first simulation 
trials, where teams will present the results of 
their offline HQ analysis and the design of the 
simulation experiments.  Duration will be 20 
minutes (15 presentation and 5 questions).  
Satisfactory progress at this stage is required 
before Teams qualify to conduct the first 
simulation trial.  

 
7. THE ASSESSMENT 
 

At each stage the assessor asks the question 
– what aspect of the students learning do we 
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wish to assess?  We actually wish to assess 
your technical knowledge and understanding, 
your intellectual skills and abilities, your ability 
to apply these skills in practical situations and 
your generally transferable skills, particularly 
relating to team-work.  The assessor will 
make ongoing judgements based on what 

you record in your Learning Journal, which 
will be handed in for assessment every 2 
weeks from the beginning of the module. 

 
Assessment is made according to the 
following scheme. 

 
Assessment Weighting 

% 
Timing Material 

Continuous 
Assessment 

30% 
 

50% 
 
 

20% 

Fortnightly returns 
 

Week 10, 
semester 1 
Week 10, 
semester 2 

 
Week 9, semester 

2 
 

Individual’s HQ Learning Journal 
 

interim Report on HQs 
Final report on HQs 

 
Team’s oral presentation 

 
 
8. TEAM WORK – REFLECTIONS ON THE 

‘PURPOSEFUL GROUP’ 
 

a) The HQ teams are groups of 3, 4 or 5, that 
need to develop confidence and trust in 
each other to derive the most out of the 
module.  Without trust and confidence, 
there is a high risk that many aspects of the 
work will not be completed well or fully.  
With trust and confidence, the team result 
will far exceed the capabilities of each 
individual or the ‘sum of the parts’. 

b) The HQ team is a group with a purpose.  
That purpose will involve sharing 
responsibility for the outcomes of the group 
work.  That purpose also reflects the need 
for a structure to the activities that will 
evolve over time. 

c) Purposeful groups – teams – will have 
common goals, share a common vision - 
negotiating, establishing and agreeing on 
this vision and these goals - is a critical task 
of the group. 

d) At some stage early in the life of the group, 
there will be a realisation that the goals are 
best achieved by treating the work as a 
‘project’ with milestones, tasks and task 
allocations, deliverables etc, i.e. drawing up 
a plan.  This project organisation will 
require every member to play their part but 
it may be that one member is ‘voted’ as 

having the overall responsibility for ensuring 
that the plan is adhered to.  Such a person 
is described as the project manager and 
they will take on the task of keeping the 
whole picture in their minds as well as 
detailed technical work. 

e) A group provides a rich learning experience 
in itself – members can observe what 
others do and say, and then observe what 
happens next. 

f) A group provides an environment in which 
new (improved) behaviours can be tried 
out, new and richer skills can be developed 
and personal confidence strengthened, old, 
tired ideas replaced with new, better rooted 
ones. 

g) Receiving feedback from others within the 
group is one of the advantages of the group 
as a context for support. 

h) Group members can gain information about 
the impact of their behaviour on others, 
which is not ordinarily available to them. 

i) Leadership can move around the group; a 
healthy group allows space for this to 
happen – an unhealthy group does not. 

j) All groups experience communication 
problems.  The challenge is being able to 
address these positively in a blameless 
manner – this is critical to the success of 
the group. 
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k) With a group of 3, members need to be 
particularly sensitive about sub-agendas.  It 
can be destructive if 2 members of the 
group decide to do things in a particular 
way because they are having difficulty with 
the third member.  It might seem a short 
term imperative but it will not work in the 
long term.  Find a way of involving all 
members in all discussions and, 
particularly, all decisions.  Ignore this 
advice at your peril! 

l) Groups need to establish a way in which 
decisions get made and which can then be 
taken as a given or datum for subsequent 
discussions. 

m) Listen to what your colleagues have to say, 
and never dismiss a colleague’s 
contribution; always respond positively and 
only interrupt politely.  Give people time to 

express their ideas even though you may 
feel you know the answer or strongly 
disagree; I will repeat this – give your 
colleagues time to articulate their ideas. 

n) A group needs to discuss and agree on 
some basic ‘rules of operation’, e.g. 
attendance, punctuality, structure of 
meetings, how to review progress, formats 
of material, how you record your progress. 

o) Beware of and be sensitive to collisions and 
collusions – they are inevitable and on the 
positive side they provide opportunity for 
personal change and growth. 

p) A successful group acknowledges, respects 
and works with the different strengths of 
members of the group.  Let your group 
grow strong and work towards a group 
solution! 
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APPENDIX B 
 

TEAM REPORT STRUCTURE 
 

Executive Summary 
 

1. Introduction 
2. Background to Handling Qualities – 

theory and practice 
3. The Test Aircraft 

3.1 Description of Aircraft and Role (inc. 
day in the life of system description) 
3.2 The Operational Flight Envelope, 
Missions and Mission Phases 
3.3 Mission Task Elements and Flight 
Test Manoeuvres 

4. Handling Qualities of the Test Aircraft 
4.1 Overall Methodology 
4.2 Off-line assessments 
4.3 Piloted assessments 
4.4 Overall assessment (impact on role) 

4.5 Conclusions and Recommendations 
5. Handling Qualities Improvements 

 
5.1 Improvement Options 
5.2 Design synthesis and analysis 
5.3 Piloted assessments 

6. Discussion 
6.1 Technical Feasibility Issues 
6.2 Economic Viability Issues 

7. Conclusions 
8. Recommendations 

 
Appendices 

• Details of design, analysis techniques and 
results 

• Powerpoint presentation 

 
APPENDIX C 

 
GUIDANCE ON TEAM PRESENTATIONS 

 
1. use powerpoint presentation; laptop and 

video project will be available but teams 
can bring their own laptop – allow a few 
minutes at the beginning for setting up 

2. structure of presentation should broadly 
follow along the lines: 

a. introduce team 
b. introduce aircraft, role and critical 

HQs 
c. basic aircraft – good and bad HQs 

from offline tests and piloted 
simulations; use HQ theory to 
support conclusions 

d. HQ repair work – rational, design 
goals, methods 

e. Accomplishments 
f. Repaired aircraft - good and bad 

HQs from offline tests and piloted 
simulations; use HQ theory to 
support conclusions 

g. Technical feasibility and economic 
viability 

h. Outstanding issues 
i. Conclusions and 

recommendations 

3. Teams have 30 minutes to present – 
keep to time! 

4. This will immediately be followed by a 20-
minute session of Q&A.  Issues to be 
addressed will include: 

a. How well have the conclusions 
been supported by the analysis 
and the results presented, 

b. How well were the HQ problems 
of the test aircraft understood by 
the presenting team, 

c. To what extent has the design 
work repaired the identified HQ 
problems, 

d. Was the presentation clear and 
coherent, well supported by visual 
aids, a team effort 

5. Everyone should have an equitable share 
of the presentation and indicate their 
contribution to the work 

6. Speak clearly and professionally, look at 
audience, engage with eye contact, 
emphasise important points 

7. Use clear and simple slides; Show results 
in a concise way, point to information on 
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the slides to draw audience attention to 
things 

8. Results and analysis will carry the most 
weight 

9. Back up conclusions and hypotheses with 
evidence  

10. Don’t be afraid to admit mistakes (but 
don’t make the presentation a comedy of 
errors!) and highlight what you have 
learned 

11. I recommend that you present yourselves 
smartly as a team 

12. Have a procedure for answering 
questions especially if they are not 
directed at a particular individual – work 
as a team 

13. Rehearse your presentation until it is 
really good and ask colleagues to sit in a 
give critical comments – don’t be afraid of 
these 

14. Teams will be scored on the basis of how 
well they have addressed items 4a-4d 
above on a scale of Excellent, Very Good, 
Good, Fair, Poor and Unsatisfactory. 
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APPENDIX D 
 

AERO 401 FLIGHT HANDLING QUALITIES – DEVELOPMENTS 2002-2006 
 
 
 

Academic Year Developments 
2002-3 • 15 students (5 groups of 3) 

• single semester (2nd) 
2003-4 • 17 students (4 groups of 3 and 1 group of 4) 

• extended over 2 semesters 
• interim report at end of semester 1 

2004-5 • 21 students (4 groups of 4 and 1 group of 5) 
• interim presentation prior to first simulation trial (introduced to ensure that 

teams have conducted sufficient offline HQ analysis to be prepared for 
piloted trial 

• team mentors introduced (post-grad students available as facilitators) 
• changed specification for Grob Tutor (200kts rather than 250kts which 

required unrealistic design changes) 
• special lecture on the personal learning journal by staff form the University’s 

Centre for Lifelong Learning 
• special lecture on Sustainability in Engineering  

2005-6 (under 
review) 

• increase credit value of module (22.5) 
• introduce more FLIGHTLAB workshops in semester 1 
• complete initial HQ assessments earlier in semester 1 to allow upgrade work 

to begin earlier 
• Special Lectures on Technical Feasibility and Economic Viability introduced 
• Introduce dedicated FHQ periods during the second semester (e.g. whole 

week prior to second simulation trials) 
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APPENDIX E 
 

The FHQ Tools – FLIGHTLAB and HELIFLIGHT 
 
HELIFLIGHT (Ref 6, 7) is a PC-based re-
configurable flight simulator, with five key 
components that are combined to produce a 
relatively high-fidelity system, including: 

• selective fidelity, aircraft-specific, inter-
changeable flight dynamics modeling 
software (FLIGHTLAB, Ref 22) with a real 
time interface, 

• 6 degree of freedom motion platform, 
• four axis dynamic control loading, 
• a three channel collimated visual display 

for forward view, plus two flat panel chin 
windows, providing a wide field of view 
visual system, 

• re-configurable, computer-generated 
instrument panel and head up displays. 

A view of the cockpit pod is shown in Figure 
E1. 

The software at the center of operation of the 
facility is FLIGHTLAB, providing a modular 
approach to developing flight dynamics 
models, and enabling the user to develop a 
complete vehicle system from a library of 
predefined components. FLIGHTLAB also 
provides a range of tools to assist in the 
generation of highly complex, non-linear, multi-
body models. To aid the generation and 
analysis of flight models, three Graphical User 
Interfaces (GUIs) are available: GSCOPE, 
FLIGHTLAB Model Editor (FLME) and 
Xanalysis. 

 
Figure E1 HELIFLIGHT at the 

University of Liverpool 

A schematic representation of the desired 
model can be generated using a component-
level editor called GSCOPE. Components are 
selected from a menu of icons, which are then 
interconnected to produce the desired 
architecture and data is assigned to the 
component fields. Figure E2 shows the 
collective and lateral stick control system for 
the FXV-15. 

 
Figure E2 GSCOPE representation of the FXV-15 

collective lever and lateral stick channel 

FLME is a subsystem model editor allowing a 
user to develop models from higher level 
primitives such as rotors and airframes. 
Models are created hierarchically, with a 
complete vehicle model consisting of lower 
level subsystem models, which in turn are 
collections of primitive components. This is the 
Model Editor Tree, which puts all the 
predefined helicopter subsystems into a logical 
"tree” structure. A model tree for the XV-15 tilt 
rotor aircraft is shown in Figure E3. 
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Figure E3 FLME expanded tree view and data 

input for the FXV-15 aircraft 

Prior to running a real-time simulation, the 
model generated using the above tools can be 
analyzed using Xanalysis. This GUI has a 
number of tools allowing a user to change 
model parameters and examine the dynamic 
response, stability, performance and Handling 
Qualities of design alternatives (see Figure 
E4). 

 
Figure E4 FLIGHTLAB Handling 

Qualities toolbox 

The flight dynamics models form a vital part of 
a flight simulator, the detail of which will 
ultimately define the fidelity level of the 
simulation. Of equal importance is the 
environment into which a pilot is immersed. 
HELIFLIGHT uses a Maxcue 600 series 
motion platform together with Optivision 
collimated displays and Loadcue electronic 
control loading systems to create the virtual 
flying experience. 

Three collimated visual displays are used to 
provide infinity optics for enhanced depth 
perception, which is particularly important for 
hovering and low speed flying tasks. The 
displays provide 135° horizontal by 40° vertical 
field of view which is extended to 60° vertical 
field of view using two flat screen displays in 
the footwell chin windows (see Figure E5). The 
displays have a 1024 x 768 pixel resolution, 
refreshing at 60Hz giving excellent visual cues 
when displaying a texture-rich visual database. 

 
Figure E5 Typical pilot’s eye view in 

HELIFLIGHT capsule 

The sensation of motion is generated using the 
Maxcue platform, which has a significant 
movement envelope (see Table E1). The 
motion system is a six-axis, electrically 
actuated platform with a position resolution of 
0.6μm. To ensure that the pilot does not 
receive “false” cues, the motion cueing 
algorithms can be tuned to correspond with the 
desired vehicle performance. To maximize the 
usable motion envelope, the drive algorithms 
feature conventional washout filters that return 
the simulator to its neutral position at 
acceleration rates below the perception 
thresholds, after a period of simulator motion. 
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Table E1: HELIFLIGHT motion envelope 

Motion Parameter

Heave Range
Peak Heave Velocity
Peak Heave Acceleration
Surge Range
Peak Surge Velocity
Peak Surge Acceleration
Sway Range
Peak Sway Velocity
Peak Sway Acceleration
Roll Range
Peak Roll Rate
Pitch Range
Peak Pitch Rate
Yaw Range
Peak Yaw Rate

Range a

500 mm
± 0.6 m/sec

± 0.6 g b
930 mm

± 0.7 m/sec
± 0.6 g

860 mm
± 0.7 m/sec

± 0.6 g
± 28°

40°/sec
+34°/-32° 

40°/sec
± 44°

60°/sec  
a All motions are stated from mid heave with all 
other axes neutral. By coupling one or more 
motions, a larger range may be obtained. 
b Measured over whole motion envelope. Heave 
accelerations of +1g/-2g may be produced near 
the centre of the motion envelope. 

An important aspect of the overall fidelity of the 
system is the amount of delay or latency 
present. In HELIFLIGHT the flight dynamics 
model is running typically at 200Hz producing 
a 5msec delay. A delay of less than 16msec 
occurs as the output from the flight model is 
converted to produce a corresponding change 
in the simulator motion system. Latency in the 
visuals occurs due to the terrain texture density 
being displayed and varies with the 
specification of the graphics card. Currently 
this causes delays of between 16 - 30msec in 
the re-drawing of the terrain. In addition to this, 
the monitors are refreshing at 60Hz. Overall 
transport delay between pilot stick and motion 
base and visual response is estimated to be 
below 50msec. 

HELIFLIGHT was commissioned for research 
and teaching use at the University of Liverpool 
in September 2000. During its first 4 years of 
operation the facility has been used 
extensively in a variety of research projects, 
undergraduate projects and laboratory classes 
as well as allowing students to experience a 
range of different handling characteristics.  
FHQ is the first PBL module to use the flight 
simulator. 

As an illustration of the modeling standard 
used in a typical FLIGHTLAB model the Bell 
XV-15 aircraft (see Figure E6) is described. 

 
Figure E6 XV-15 aircraft in conversion mode 

The main aeromechanics features in the FXV-
15 are listed below; 

• Rigid prop-rotor blades with non-linear, 
quasi-steady aerodynamics in table look-up 
form as functions of angle of attack and 
Mach number computed on 5 equi-annulus 
segments, 

• Two 3-bladed counter-rotating gimbal 
rotors; the gimbal is modeled with torsional 
spring-damper components in pitch and 
roll. No individual blade flapping is allowed 
in the FXV-15 implementation, 

• 3 degree-of-freedom, finite-state rotor 
inflow model (Peters-He), 

• The unique engine-governor system of the 
XV-15 was modeled as a simple first order 
relationship between output and 
commanded torque, the latter is a function 
of throttle setting and atmospheric 
conditions, with throttle and collective 
geared together as a function of nacelle tilt, 

• The rigid drive train system was modeled 
as a collection of gear, drive, clutch and 
bearing components with the interconnect 
shaft as the single degree of freedom 
driven by the resultant torque, 

• The wing/flap lift, drag and pitching 
moment coefficients are defined as 
functions of angle of attack, nacelle angle 
and flap setting. 4 segments are used with 
the outer left and right segments immersed 
in the rotor slipstream and 2 inner sections 
assumed to be unaffected by the rotor 
wake, 
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• Rotor-wing-empennage interaction 
modeled by superimposing the uniform 
component of the rotor induced velocity 
onto the wing-empennage velocities; wing-
empennage downwash angle included, 

• Nonlinear fuselage aerodynamics are 
functions of angle of attack and sideslip, 

• Empennage aerodynamics modeled in a 
similar manner to the main wing, 

• The FXV-15 control system features the 
mechanical interlinks between the pilot’s 
controls and the rotor and fixed-wing 
control surfaces, with gearings set as 
functions of nacelle angle; the system also 
includes the 3-axis stability and control 
augmentation system, featuring rate 
damping and feed-forward response 
quickening, 

• For the tricycle undercarriage, the 
FLIGHTLAB generic rotorcraft component 
was selected and modified to the 
appropriate location and size, 

• Ground effect rotor image system. 

Within the FHQ module students are given 
tutorials and half-day workshops on the use of 
FLIGHTLAB and HELIFLIGHT. 
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ABSTRACT 

Singapore is a small and young nation of 4 million people. The foundation of our economy 
during the 70s and 80s was built on large scale manufacturing and production.  During those 
stable times, education would have done an adequate job of equipping students with the 
specific knowledge to take up ready positions. Many would continue to work in the same 
company or industry till retirement.  In the 90s, Singapore faces particularly severe challenges 
when the Asian economic and currency collapsed. Realizing that the formula for yesterday’s 
success is no longer applicable for the unpredictable future, a different kind of training is 
envisaged. It is no longer sufficient for education to give tools and knowledge that will be out of 
date, but to develop competent learners who can continue to learn confidently and are equipped 
with other useful life skills for the knowledge economy 1. 
 
To prepare our students for the knowledge economy, a new education model which aims to 
provide our students with a more balanced and holistic education integrating the teaching of (i) 
domain knowledge with (ii) people and process skills and (iii) values & ethics is being developed 
in Singapore Polytechnic. New innovative approaches to teaching, learning and assessment 
that promote creativity and authentic learning are being explored.  
 
After learning about the CDIO concepts and realizing the potential of cultivating students with 
the desired skills, a pilot programme incorporating CDIO concepts into project-based learning 
was implemented in the Singapore Polytechnic in 2003.  The projects were developed using 
CDIO theories where students worked through conceive, design, implement and operate 
stages. In these projects, students in a class of 20 are required to build an artifact that 
comprises sensors and control algorithms. So far, three cohorts of students have completed 
their projects. As the projects developed were highly innovative and creative, the local news 
program had featured some of the students’ innovations.  Besides completing the projects, 
students also developed other attributes such as creative and critical thinking, resourcefulness 
and learning to learn traits. 
 
This paper provides information on how this CDIO project learning was carried out and shares 
valuable lessons learnt. This will be useful for educators who are keen to start similar programs. 
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INTRODUCTION 
 
Singapore Polytechnic (SP), the first polytechnic in Singapore, was established 50 years ago in 
1954, to train middle-level professionals to support the technological and economic 
development of Singapore. It provides students with training in a wide range of practical, work-
oriented fields of study which include courses in engineering, media and design, information 
technology, health sciences, chemical and life sciences, maritime studies, building and 
construction, and business, finance and law. With about 40% of each primary one school cohort 
graduating from the polytechnics each year, the polytechnics play a vital role in training the key 
manpower for Singapore’s economy. 
 
The polytechnic has constantly updated the existing courses to keep abreast with the latest 
developments in technology and, where necessary, introduced new courses to meet the 
changes in our economy. For example, new courses in areas such as mobile and wireless 
computing, aeronautical and biomedical engineering have been introduced in the last few years.  
 
Today, polytechnic graduates are highly valued as practice-oriented and knowledgeable middle-
level professionals, managers and technologists who can implement plans and concepts 
effectively and efficiently. They also have a reputation for being entrepreneurial and creative.   
 
Although Singapore Polytechnic has been very effective in teaching students in the traditional 
classroom learning environment, as evidenced by the successful graduates it has produced in 
the last 50 years, it continues to innovate so that it can also be effective in producing graduates 
geared to the needs of the 21st century. 
 
REDESIGNING THE CURRICULUM 
 
Changes are taking place in the social, economic and education landscapes in Singapore as 
well as globally. The lifestyles and needs of the students joining SP, and the industries they will 
join on leaving SP, will be very different from those of today. The SP graduate will need to be 
innovative, be able to learn continually, have good communication skills and be able to work in 
multi-disciplinary teams1.  
 
At present, there is an over-emphasis on developing our students in the cognitive domain, at the 
expense of other important areas such as developing leadership and communication skills, a 
spirit of risk-taking, creativity, innovation and enterprise, and a global outlook. Traditional 
didactic instructional methods using lectures are the main mode of delivery encouraging passive 
and superficial learning. Lessons are discipline based with very little effort to show links and to 
integrate process skills and values.    
 
INCORPORATING CDIO PRINCIPLES INTO THE FUTURE EDUCATION MODEL 
 
Significant changes in how we educate our students, given what we know about how students 
learn and future technological and societal trends and realities, are being made in order to 
maintain the viability and quality of the education SP provides.  This is to ensure that our 
students will have a global mindset, be creative, innovative and enterprising, and competent in 
areas beyond their core discipline, grounded on a strong set of core values. 
 
SP has well formulated educational aims, contained in the vision statement (highly Competent; 
Innovative; Versatile; Imbued with sound values; committed to Lifelong learning), which are 
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contextualised within the wider societal educational framework of Singapore (e.g., MOE’s 
Desired Outcomes of Education).  
 
Our new education model aims to provide our students with a more balanced and holistic 
education integrating the teaching of (i) domain knowledge with (ii) people and process skills 
and (iii) values & ethics (Figure 1). New innovative approaches to teaching, learning and 
assessment that promote creativity and authentic learning will be explored. Lecturers will be 
considered as designers of learning environment.  We are also exploring integrating the use of 
notebooks and learning material.  
 

The success of our new education model will be measured in terms of the qualitative change to 
the interactions in the classroom and the learning that students engage in and outside of it. Our 
goal would be to see our students become more passionate about their learning, our lecturers 
become facilitators who encourage exploration and experimentation and our schools and 
departments become centres of excellence and creativity, innovation and enterprise (CIE). 

Domain Knowledge
and Skills 

People and  
Process skills 

Values and  
Ethics 

Figure 1: Singapore Polytechnic Education Model 

 
One of the key focus of the new Education Model is the promotion of creativity, innovation and 
enterprise (CIE). Under this key goal, students are introduced to the stages of conceiving, 
designing, implementing and operating in many ways: Firstly, through third year projects in 
which a corporate target of 50% to 80% of CIE component have been set for faculty to achieve; 
secondly, a new compulsory 30 hour institutional module, Innovation, Design and Enterprise in 
Action (IDEA), for all first year students. In this module, students use a design-based 
methodology to conceive and design their products. The students produce business plans for 
the final product and in some faculties, prototype their ideas. The best ideas from this module 
are provided with $50,000 to produce and market the product. Selected ideas are presented to 
a panel of judges which include industrial partners; thirdly, integrated project based learning 
where students work on projects that cover materials from various related modules and finally, 
multidisciplinary final year projects where students from three different disciplines work on 
common projects in their final year. The last two approaches are elaborated in the next sections.  
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INTEGRATED PROJECT BASED LEARNING 
 
In 2003, the author started a small scale PBL project where the aims are to train students in 
acquiring desired learning habits such as resourcefulness, learning to learn skills and also to 
increase students’ motivation to learn.  

 
For this project, students are expected to build creative artifacts based on control and sensor 
theories. Specifically, students are required to develop a control system that detects a sensor 
reading and then generates an effect using the required actuators. Every group of students will 
develop the control algorithm using the Labview program running on a personal digital assistant 
(PDA). The PDA is used such that the solution is portable and may be mounted in school bags, 
bicycles etc. 
 
Every project is unique projects as every group of students generally tackles a different 
problem. This is a key feature of this project based learning exercise as it is the intention for 
students to feel that they have the capability to solve problems that they personally feel 
important. Since it is a project of their choice, students should be more motivated to ensure that 
it gets completed. This concept is based on the belief that if students can be ignited with a 
passion to learn, then the chance of them excelling in their studies is enhanced.  Also, this 
project allows some form of customization to suit students with varying capabilities where the 
better ones work on more complex projects. 
 
To ensure that all students complete their projects on schedule, it is necessary for the project to 
be refined into concrete steps and the CDIO methodology is selected. The class of 20 students 
in each cohort was divided into six or seven groups of three to four students each. A total of 72 
hours over 6 weeks were allocated for this project. 

Key Steps: Conceive – Design – Implement – Operate 

Students worked through the CDIO steps as they progressed from problem identification to the 
development of solution.  

Conceive. The project commenced when students were asked to identify a challenging problem 
that they wish to work on. Students started the cycle by generating many possibilities of what 
they intend to do before zooming into the final project they wish to undertake. During this phase, 
students worked in their groups and carried out numerous discussion sessions.  Many students 
also referred to web pages and magazines for ideas.  

This is a very important stage and an entire week was scheduled for students to generate 
project ideas. Ample time was allocated as a wrong project selection will cause students to 
revisit this stage again later. During this phase, lecturers are highly involved in students’ 
discussions and provide advices on the suitability of the project in terms of technical 
complexities and time constraints. The lecturer has to guide the groups to a good project choice 
while leaving them to make the final decision. 

Design.  After identifying the project, students need to develop the detailed design, identify and 
acquire necessary parts, test them and eventually develop the program. Students are 
encouraged to distribute their work so that they can each be responsible for a smaller task. 
Before making purchases, supervisors have to ensure that the parts requested by students are 
suitable before making final purchases to minimize wastage. After acquiring the parts, students 
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generally need help in testing how they function. Other student group members will also be 
exploring the software programming functions at the same time. Starting from this stage, some 
students began to work more than the time tabled hours as they became quite intrinsically 
motivated.  

Implement.  The key tasks of programming and hardware fabrication are carried out during this 
stage. Upon completing the design of the program, students will generate the executable file 
and download them into the PDA. This is an exciting stage as it is simply exhilarating when 
students see their project work for the first time!  However, it can also be very frustrating when 
the projects fail to work.  

A lot of time was spent in helping students troubleshoot when the project is not working 
according to plan. Also, some students are given a lot of encouragement and guidance 
especially when the project fails to work after repeated trials.  

Operate.  This is the most rewarding stage as a major part of the project is already working. 
Most of the tasks are also completed and students need to fine tune their projects for enhanced 
performance and program efficiency.  

After completing the entire CDIO cycle, all the projects are ready for viewing and assessment. 
Opportunity to exhibit the projects for external viewing would have been explored much earlier. 
If an external party is invited for the project viewing and presentation, then students have to be 
trained further in presentation skills and exhibition preparations have to be made.  

During the entire conduct of the project, most students are kept on their toes as they progressed 
through the intermediate checkpoints and assessment. Besides generating a hive of activities, 
students also carried out higher order thinking skills at different phases of project as shown in 
Table 1. 

Table 1: Higher Order Thinking Skills at Different Stages 

Stages Tasks carried out Higher Order Thinking skills 

C Generate project ideas 

Research on project ideas 

Combining ideas 

Identify the project  

Presentation and defending idea 

Creative thinking 

Critical thinking 

Synthesis 

 

D Generate designs 

Identifying necessary parts 

 

 

Synthesis 

Critical thinking 

Creative thinking 

Part-whole analysis 
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Resourcefulness 

I Implementation of ideas 

 

Resourcefulness 

Synthesis 

O Fine tuning  Critical thinking 

 
 
Students Develop Highly Creative and Innovative Projects over Short time 
As of 2005, a total of eighty students from four cohorts had completed their PBL projects. Many 
interesting projects were developed and this section describes some of them  

There was a group of students who designed a 'SMART' window that opens and shuts on its 
own, triggered by rain and motion sensors when they detect movement within the household. It 
is also not necessary to arch your back and reach out precariously over the window ledge 
anymore to clean that irritating grime off the glass panel as the same window has a motorized 
wiper that kicks into action on rainy days. 

Other students have also built interesting devices that help to greatly enhance lives, such as a 
Carbon Monoxide Detection System that winds-down car windows and sends SMS-alerts to the 
drivers when they are in danger of inhaling too much toxic gas. 
 
Instead of crawling out quietly from baby cribs, sensors are now be used for detecting the 
movement of infants which can activate a toy to entertain them while at the same time informing 
their parents using the wireless connection when the movement becomes too violent. 
 
Shopping at the supermarket offers a totally new experience using the invented shopping cart. 
Some students had designed a cart mounted with sensors at the front and back. Based on the 
status of the sensors, the motors will turned on and off to follow the shopper. Thus, shoppers 
may browse freely in the grocery stores without having to push the cart around. 
 
Outcomes of project based learning  
 
While working through the projects over the six weeks duration, there were numerous 
opportunities for students to cultivate good habits of mind. Some of these observed intelligent 
learning behaviors were as follows. 
 
Persistence. Students generally encountered a lot of problems in the initial phases of project 
during the conceive-design-implement stages. Students needed to persist despite the trying 
circumstances. One student commented that she was very stressed over the six weeks. 
However, at the end of it, she felt that her persistence paid off when the project started to work 
and she felt exhilarated. 
  
Motivation to learn has increased. Some students tried to find out additional information which 
they needed for completing the project. There was a student whom the author spotted attending 
a web seminar. He found the web site and then sat quietly to attend the webinar to learn about 
motors for his project.  

 6



 
Learning how to learn. The project provided ample opportunities for students to learn about how 
to learn from their peers and teachers. There were several presentations made by students to 
share about their projects. 
 
Thinking flexibly. As the project offered many opportunities for creative thinking, students have 
to think flexibly during their idea generation and design stages. From this exercise, students 
learned from each other more techniques of generating ideas. 
 
Striving for accuracy and precision. The project will not work if students are sloppy in testing 
their circuits and programming. Thus, many are forced to strive for accuracy if they want their 
project to work.  
 
Applying knowledge to new situations.  After learning various subjects in their course, students 
applied the knowledge gleaned to complete this project. This is very different from the traditional 
situation where they only need to regurgitate the answers during examinations.  
 
Data gathering. Students needed to carry out extensive research for ideas and information on 
the parts they needed. This opportunity is useful for training students to become more 
resourceful. 
 
Creating, imagining and innovation. The projects completed by the students were generally very 
innovative. Projects from two of the cohorts were featured in the local news due to the creative 
solutions generated. 
 
Integration.  Students were required to integrate all the theories they have learnt in order to 
complete their projects. 
 
Besides the above observations, a survey with XXX responses confirmed that this mode of 
learning is considered interesting and meaningful by students. A high score of 4.1 out of 5 was 
rated by students.  
 

MULTI-DISCIPLINARY DESIGN EDUCATION  

Another initiative modeled after the CDIO principles is the multi-disciplinary design training that 
is jointly offered by the School of Mechanical & Manufacturing Engineering (MM), Electrical and 
Electronic Engineering (EEE) and the Chemical and Life Sciences (CLS). This training focuses 
chiefly on product development and enterprise as shown in Figure 2. 
 
The proposed training covers design topics in aesthetics, elements of design thinking skills and 
technology within the domain of product innovation. To promote synergy and produce creative 
designs, the training is multi-disciplinary in nature with lots of hands-on exercises. The proposed 
option is unique in that the curriculum is designed to emphasize the multi-disciplinary nature of 
design, creativity, engineering and entrepreneurship. It harnesses the creative potential of 
technically competent students and inculcates design capability and business intelligence. 
Students will be given additional training in three distinct domains, via Design Skills, Business 
Economics and Product Realization besides their core disciplinary knowledge. This additional 
knowledge provides the necessary conceptual, technical, product management and business 
knowledge for productization purpose. 
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Design Skills 
These modules prepare students to develop creative design using a range of skills and 
techniques.  Fundamental design skills, theories and concepts are taught through modules such 
as Design Techniques and Skills, Arts & Science of Colors and Creative Product Design. 
 

           Business Economics 
This option goes beyond engineering, design skills and techniques, and includes the designer’s 
ability to deliver a product with potential for commercialization.  These will be taught through 
modules such as Writing skills for technological entrepreneur, Communication Skills for 
Entrepreneur and Business Planning for New ventures. 
 
Product Realization 
Students will undergo a semester long project in their final year of study. Each group comprises 
students from the various schools and they will work to design and produce a product jointly. 

COURSE STRUCTURE 

Besides taking lessons in their own domain, students from various schools will gather together 
from second year for the other design, business and product realization modules. The final 
exercise is a multidisciplinary project that spreads across an entire semester that lasts for four 
months. The first group of students will be starting their design modules in May 2005. 
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Year  
Of study 

MM CLS EEE …………….. Schools/ 
      Dept 

Sem 1 
 
 

  
  

Year 1 

Sem 2 
 
 

  

  

    Sem 1 
 

    

Year 2 

Sem 2 
 
 

    Sem 1 
 

    

Year 3 

Sem 2 
 
 

 
 
 

Figure 2: Curriculum Framework to infuse CIE Mindset and Multi-Disciplinary Project 
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CIE modules for Stage 3A 
• Comm Skills for Entrepreneur 
• Quality for Product Realisation 

 
 
4 months Multi-disciplinary project 
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CONCLUSION 
 
In the implementation of project based learning in Singapore Polytechnic, CDIO concepts were 
adopted. The approach was found to be effective in motivating students to acquire domain 
knowledge and problem solving skills. It promoted a learnacy culture where dispositions and 
skills related to learning are valued.  
 
The process as we work towards a new education model for the 21st century is at present one of 
experimentation and exploration of new methodologies and teaching and learning concepts in 
an integrated curriculum which values people and process skill, ethics and values besides 
domain knowledge. The institution is presently also exploring other areas like pedagogy and 
assessment methods, workspace, values.  
 
 
REFERENCES  
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ABSTRACT 
 
Integrated assessment of functional disciplinary knowledge and personal and 
interpersonal performance is discussed in the context of a final-year design-build course. 
The course is intended to consolidate disciplinary knowledge through individual and 
teamwork efforts in an authentic design-build project. There is a coupling between 
approaching the task and practicing personal and interpersonal competencies. We 
believe that personal, interpersonal and disciplinary knowledge are mutually supportive 
and learned together. The learning objectives do therefore explicitly include knowledge, 
skills and attitudes related to personal, interpersonal and product and system building 
skills, as well as disciplinary skills. Since the assessment should reflect the course 
objectives a procedure for integrated assessment of the above mentioned competences 
was developed. 
 
There are some aspects of the course that are troublesome to students: 

– Students’ attitudes to knowledge are challenged. Some have a “right-or-wrong” 
view on technical knowledge, and question the nature and validity of knowledge 
in the personal and interpersonal sphere. They are also further challenged here 
by a more relativistic view on technology and engineering. 

– Some students have difficulties to recognise and appreciate the learning in this 
course. The focus on synthesis, consolidation and application of also quite 
fundamental technical knowledge differs from the way students have previously 
seen knowledge being evaluated, for instance in exams.  

– The distinction between reaching the project goals (building a product that flies or 
floats as required) and meeting the course goals (learning outcomes). 

 
The design of the assessment system must be informed by the full complexity of the 
student learning experience, or assessment risks undermining the learning outcomes.  
Drawing on qualitative data from several cohorts of students, extracted from learning 
activities, interviews, questionnaires etc, we discuss and interpret students’ responses to 
the challenges, and how they perceive the learning experience, especially in relation to 
their attitudes towards knowledge. We describe our assessment system, where peer 
assessment and feedback are elements.  
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INTRODUCTION 
 
The topics discussed are related to a project course given during the final year of a 
Masters education in engineering. In the following, a brief description of the intent with 
the course is given, i.e. the curricular purpose, the format, aim and learning objectives of 
the course. 
 
Extending the Learning Objectives 
One of the cornerstones within the CDIO initiative is that personal and interpersonal 
knowledge, skills and attitudes should be explicitly addressed during the engineering 
education. The demand for such competences was obvious from a survey conducted by 
the four original schools in the early CDIO initiative [1]. There was a striking agreement 
between the replies from people working at different levels in industry and in academia, 
in the United States and in Sweden, indicating that emphasis should be put on 
communication skills, teamwork training, and development of personal skills and 
attitudes. 
 
The motive for addressing these skills and attitudes to the engineering profession is thus 
that there is a demand for such competences, both in academia and in industry. 
 
The Role of the Course in the Curriculum 
The course in focus is given during the final two semesters of a Masters programme in 
vehicle engineering, and in terms of course credits it constitutes a quarter of the 
students' workload during their fourth year. The course is referred to as a capstone 
course, meaning that it is designed to stimulate the students to synthesise and reinforce 
knowledge. This is achieved through work related to a concrete problem statement in a 
project environment. The students come from two different specialisation programmes, 
allowing the project to be somewhat cross-disciplinary and thereby contain technically 
conflicting interests and mismatch problems in a realistic manner. In a sense, the course 
is intended to train application of knowledge in a similar fashion as the subsequent 
thesis work, but more emphasis is put on challenges specific for technical work in a 
project group environment, such as planning, technical communication, documentation, 
technical negotiation and compromising, decision making, et cetera. In addition, all 
projects are intended to lead to real physical results, which is not always the case in 
thesis work. In theory, the outcome could be software. It is however essential that the 
outcome could be verified with respect to a technical specification. 
 
The Course Format, Aim and Learning Objectives 
The work is carried out as projects where approximately 10 students work together 
towards mutual project goals. A typical project task is to design and build a vehicle that 
meets a specification of requirements, given a set of constraints in terms of budget and 
time frames. The group is given responsibility both for the planning and the execution of 
the work and typically a few of the students take on leading roles in project management 
while the decision making is usually handled democratically by the entire group. The 
bulk of the technical work is delegated to smaller teams within the group, which carry out 
subtasks and report back to the large group. After completing the course the students 
are supposed to be able to 

• work effectively in a project environment and understand mechanisms behind 
progress and difficulties in such a setting 

• communicate in writing, orally and graphically 
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• analyse problems from a systems (holistic) perspective 
• use modern engineering methods and tools 
• handle technical problems which might be incompletely stated and subject to 

multiple constraints 
• realise own ideas practically 
• assess the quality of technical work, performed by themselves or others 

 
As seen in the course goals above the learning objectives are not only, or purely, 
technical. It is the outspoken intent with the course to teach and train personal and 
interpersonal skills together with disciplinary knowledge in the context of a technical 
project. 
 
The Pedagogical Approach 
The project task constitutes the incentive for the students to become involved in all the 
activities included in the course. The product of the project is a vehicle, both literally and 
figuratively speaking. From a pedagogical perspective the product is simply a means to 
reach the learning objectives. Once the physical vehicle has been completed its role as 
a learning vehicle ends. 
 
The course work is formed around the project task and the responsibility for planning 
and distributing the work within the group is delegated to the students. They are 
encouraged to consult the course instructors for advise and guidance on the approach 
and execution of the different subtasks. Once a subtask is completed it is reported back 
to the large group by means of a written report and an oral presentation. The course 
instructors give a number of seminars to support the process, addressing various 
aspects of the project work. When found necessary tutorials are given in order to support 
or direct critical phases in the analysis. Occasionally, dedicated group exercises, called 
workshops, are arranged to boost the progress of specific activities. Although the course 
instructors keep regular contact with the students carry out the bulk of the work in 
absence of the instructors.  
  
INTEGRATED LEARNING AND ASSESSMENT 
 
Integrated Learning 
We believe that personal, interpersonal and disciplinary knowledge to a certain extent 
are interdependent and therefore they should be learned and assessed together. We 
strongly question the perception of personal and interpersonal skills as generic and 
transferable. That would imply that they can be learned and assessed separately and 
then applied regardless of the context, but in our experience there is no foundation for 
that assumption. 
 
Take communication skills as an example. Even if there are certain aspects of 
communication skills that are generic, and let us even for a moment assume that they 
are transferable, in this course the intended learning outcomes related to communication 
are much deeper. We want students to acquire the ability to communicate technically, 
both with experts and laypersons, and nurture confidence in expressing themselves 
within their field of work. What must then be practised and assessed is authentic 
performance. For instance the students are expected to be able to describe and present 
ideas and, if necessary, argue for or against conceptual ideas and solutions. They 
should further be able to develop ideas through collaborative sketching and engineering 
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reasoning. The communication skills in this course are deeply embedded in, and 
inseparable from, students’ application of technical knowledge. Learning and assessing 
communication in a reductionist manner is simply not appropriate. 
 
Integrated Learning Demands Integrated Assessment 
Assessment is the most powerful tool we have to guide and support student learning. It 
is the assessment system rather than the espoused learning objectives that 
communicates the real learning objectives to the students. At least to the students ”it is 
not the curriculum that shapes assessment, but assessment that shapes the curriculum” 
[2]. In this course, personal and interpersonal competencies are integrated in the 
intended learning outcomes, thus they must be given reasonable attention in the 
assessment system. In this course, this is especially important since the students who 
come to the project course have not attended a CDIO programme during their earlier 
years in the programme, as the programme is still in transition. Taking CDIO learning 
outcomes seriously is therefore contrary to students’ earlier experiences in the 
programme. It is therefore important to clearly show that they are not just added to the 
learning objectives to pay lip service, but are legitimate and required learning outcomes 
of the course.  
 
As discussed above, it is not enough to assess the personal and interpersonal 
competencies separately. We hope for the students to develop contextualised skills, and 
they must therefore be assessed in context. Based on this, our conclusion is that 
integrated learning demands integrated assessment. 
 
The Assessment System 
The design of the assessment system must be informed by the full complexity of the 
student learning experience, or assessment risks undermining the learning outcomes. If 
we restrict the assessment to the easily measurable outcome of the work, such as 
reports, presentations and the physical products of the project, we might not effectively 
persuade the students to develop the intended competences. We chose to use peer 
assessment as a means to collect the students' opinions and as feedback on the 
performance of each other. This is firstly because one of the learning outcomes is that 
students should be able to assess the quality of their own and others’ technical work, but 
also because the main part of their work is unsupervised so the teachers do not have full 
insight.  
 
The assessment process is sequenced in the following way. All elements described are 
mandatory course activities and preceding instructional and subsequent reflective 
seminars are given to support them. 
 
Course goals 
In the beginning of the course the students are asked to express their personal course 
goals, as a complement to the formal learning objectives. 
 
Narratives 
Throughout the course the students are responsible to document and gather evidence 
for their contribution to the project. This portfolio is presented as a comprehensive 
narrative and the narratives of all students are distributed within the group. 
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Feedback and suggested grades 
The students write feedback to each other, guided by a number of rubrics such as 
analytical, practical, social and administrative contribution. Finally, they are suggesting a 
summative grade for each of their colleagues. Each student receives the feedback from 
each colleague plus the average of the suggested grades. 
 
Group discussion 
The students and course instructors discuss the narratives of each student, one at the 
time. The owner of the narrative initially takes part of the discussion in order to clarify the 
contents but is then leaving the room allowing the rest of the group to discuss the quality 
and quantity of the contribution of the described work. The instructors chair the session, 
specifically ascertaining that the discussion is kept objective and focussed. 
 
Course reflections 
The students write a reflective document on their experiences from the course, to what 
extent they have reached their personal course goals as well as the formal learning 
objectives in the course. 
 
The narratives, feedback and course reflections are first written as a mid-course 
exercise and there are several benefits with this poll. Firstly, it gives the students a 
chance to test-fly the assessment system and practise giving and receiving feedback. 
Secondly, it provides the students with some feedback on their performance to date, 
giving them an opportunity to actually respond to the opinions of their colleagues during 
the second half of the course. Thirdly, it actualises the difficulties to objectively judge the 
work by others and to give constructive and relevant feedback. 
 
DISCUSSION 
 
While we are happy to observe that a great majority of the students reach the learning 
outcomes in a reasonably effective manner, and almost every student praises the course 
lavishly. Still, in our experience, there are some aspects that can be troublesome to 
some of the students, and that we need to address in order to support the learning 
experience. In the following we discuss some troublesome aspects that are related to 
students’ perceptions [3] of knowledge and learning. The quotes used for illustration 
originate from several cohorts of students, and are extracted from interviews, reflection 
documents and documentation from learning activities. 
 
Students’ Attitudes to Knowledge are Challenged.  
Some students come to the course with a dualist, “right-or-wrong”, view [4] on technical 
knowledge. It is common that students hesitate to use their prior knowledge, and they do 
not trust their calculations because they cannot verify it by comparing with a “correct 
solution”. They are challenged in the course to develop a more mature, relativistic [4] 
view on technology and engineering. In the open-ended advanced projects, there is 
seldom one single “right” solution with a single “correct” answer. It is not even sure there 
is an answer to be found with reasonable resources, or there may be several answers, 
more or less complete and applicable, depending on how one chooses to pose the 
question. 
 
A majority of the students show increased confidence in their knowledge and capability 
during the course, sometimes after a shaky beginning: 
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− “We made strength calculations in the beginning of the course and we concluded 
things that turned out to be correct when we tested the prototype. But at the time of 
the calculations, we didn’t have much confidence in ourselves and our reliability. This 
made our ideas more or less rejected by the guys, because their calculations 
seemed much more serious, using [software] and everything. What I have learned 
from that is that I must be more confident. Just because you haven’t used a fancy 
method, it doesn’t mean that it is wrong.” 

 
Decision-Making 
While it is seldom possible to calculate a straight correct answer, still the technical work 
must lead to practical decisions. There comes a time when the calculations must be put 
aside and a decision be made, informed but not perfectly determined by the calculations. 
This is obvious in real design processes but not common in educational situations. This 
is a situation likely to be novel and almost traumatic for most students. An extreme 
example is the student who half-way through the course expressed severe 
disappointment over the limitations of theoretical calculations, and blamed the teachers 
for not reducing the problem to something perfectly solvable: 
− ”Not that these were the only calculations needed, but the only ones that could be 

made based on experience. All the calculations assuming kinematic equilibrium 
seem to give various degrees of unreasonable results. This is not just a pity and 
shame, but it is also terribly bad pedagogy now towards the end of an education. I 
had really wanted it to be possible to use the theory that we have learnt. We cannot 
even calculate the strength since everything is so tiny.” 

 
One of the main challenges to the students, and the reason why it is important that their 
views on knowledge is developed, is that it is virtually impossible to acquire and 
appreciate knowledge that doesn’t look and feel like you think knowledge should. A 
student who expects and values “truths” will just see the world in black-and-white, 
looking for "truths". A few students fail to develop their view on knowledge and 
engineering in the way that is intended. An extreme case is this student who dismisses 
the application of technical knowledge altogether, as the calculations did not give the 
exact answers he expected: 
− “We could probably accomplish this project without any of our technical courses. We 

did a lot of calculations in the beginning, but they were very approximate.” 
 
Recognising and Appreciating the Technical Knowledge 
Some students have difficulty recognising and appreciating the learning of technical 
knowledge in this course. Many of the previous courses in the engineering education 
focus on learning already known and established relations and methods. In this course 
the generic skills to develop knowledge are trained and the learning is experience-
based. The focus on synthesis, consolidation and application of also quite fundamental 
technical knowledge differs from the way students have previously seen knowledge 
being evaluated, for instance in exams. They do not initially realise how difficult it can be 
to integrate knowledge and apply it to an open-ended problem.  
 
An insightful quote from a student who deeply understood this aspect:  
− ”A lot of [my team mates] feel that we haven’t used much of the knowledge from 

previous courses, because it doesn’t look like exam tasks, it’s not extremely difficult. 
But you have to think in broader concepts. We are supposed to put together this 
vehicle in different parts, and some view it as simple carpentry. But I see it as pretty 
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advanced assembly of subcomponents, because you have to think about these parts 
are supposed to work together? And then, in the manufacturing process [...]  
It is a bit like tying knots. Here we tie simple knots, but we apply them in difficult 
situations. In previous courses we tied lots of advanced knots but we never applied 
them at all.” 

 
In the beginning of the course, the students formulate their personal learning goals. 
Many show expectations to attain goals related to advanced analytical or numerical 
analysis. We suspect that these goals are formulated using the view on knowledge 
acquired in previous disciplinary courses, and they do not know that a course like this 
accentuates another type of challenges and required knowledge, or they do not 
appreciate the sophistication of application and synthesis. Even towards the end of the 
course they sometimes fail to see that their original goals were perhaps unrealistic 
considering the nature of the course:  
− “My expectations on how much theory I was going to learn were not fulfilled. I can 

only speculate on the reasons for this. One explanation could be that very few 
theoretical lectures were given. This is not the whole truth, because I am also 
responsible to actively seek knowledge on my own. I can’t really say why I haven’t 
done that to the extent that I should.” 

− “I had to give in on my goal of deeper knowledge within at least one technical area, 
in favour of my other goals that have dominated more than I imagined when I 
formulated them.” 

 
What we want to achieve is that students change their views during the course, and 
appreciate the value of what they have learned: 
− ”[My friend] said he didn’t learn much technical knowledge. He said ‘I didn’t learn a 

thing!’ But then when we started discussing, it turned out that there is actually a 
whole lot that we have learned.” 

 
The Distinction Between Project Goals and Course Goals 
Generally, the students focus solely on meeting the technical specification of the project 
itself, and don’t reflect much on the learning. The distinction between reaching the 
project goals (building a product that flies or floats as required) and meeting the course 
goals (learning outcomes) does not seem to be clear to the students.  
 
Is project success necessary, beneficial, convenient or simply unimportant? The answer 
is that it depends on how the issue is perceived by the students. It is thereby an 
important task for the teachers to constantly discuss the meaning of quality. If not 
discussed, project success is necessary for the students' self esteem and satisfaction. If 
properly addressed, project success is not as important since it is not perceived as the 
only indicator of a successful course and learning experience. 
 
Perhaps the reason why students focus so much on the project is that the learning 
outcomes are simply not perceived to be as attractive as the design-build adventure is in 
itself: 
− “The focus of the majority is on the [vehicle]. A concrete technical goal, and you learn 

things around that, like positive side effects. A lot of us have said that for instance 
the feedback exercise was interesting. But if you promote a course and saying that 
you will learn about communication and things, it will not attract as many students as 
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if you say we will build an [vehicle] that will be extremely cool and receive a lot of 
attention.” 

 
This quote illustrates two things. First, on the positive side, that the course succeeds in 
attracting and motivating students to take part in a demanding learning exercise. Even if 
it was not the learning itself that attracted them, they are pleased with the outcome in the 
end. On the negative side, however, we must consider whether the appeal of the course 
is too laddish, and should be more gender-neutral. 
 
What Versus How 
The assessment procedure described above might be mistaken for a "ready-to-use 
recipe". It should rather be viewed as list of good ingredients. From our experience very 
small differences in the implementation, presentation and even the timing of the different 
activities could totally alter the outcome or how the students receive the assessment 
exercises. For instance, a scheme quite similar to the one presented above was used in 
the previous year and did not come out by far as successful. At that time we put a lot of 
focus on the assessment system since we were anxious to show the students that we 
dealt with this seriously. We invited the students to contribute to, and comment on, the 
scheme we were planning to run and this turned out to startle them and give them the 
feeling that we were not in control of what we were doing. We eventually regained their 
confidence but it took a while to convince them that we were not "playing around" with 
their grades. We then learned that the presentation and implementation of the system is 
at least as important as the design of the system. One should also appreciate that we 
are asking the students to do quite difficult and demanding exercises and it is therefore 
crucial to maintain their confidence throughout the process. 
 
In summary, the success of this kind of course activities is depending as much on how 
you do things as on what you are doing. 
 
FINAL REMARKS 
 
When you as a teacher transmit your vision of the course to the student group to gather 
their enthusiasm, and willingness to work hard and collaborate, you should show 
sensitivity and be attentive to the students’ individual needs and capacities. For that end, 
among others, your mental presence is constantly required. Not only to observe, but first 
of all to interpret both their feedback and the situations that develop during the course. 
Constant involvement and control by the teacher is not necessary but the awareness of 
the teacher is. 
 
It is finally important to understand that no student will ever come to the course and state 
a personal learning objective such as “I will try to develop a more mature view on 
knowledge”. They simply do not miss the view on knowledge that they lack. Thus, when 
they later reflect on whether they attained their learning goals, they may need support to 
recognise and appreciate the learning outcomes they did achieve without having 
formulated them as personal goals.  
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ABSTRACT 
 
In the last couple of years, DTU has been through the same major changes in the structure of 
the educational system as many other of the European universities have. The implementation of 
the Bologna declaration results in the cancellation of the traditional 5 years Masters degree and 
a build-up of new 3 years Bachelors and 2 years Masters Educations. Though special attention 
has been paid to not making too many drastic changes, a lot of effort has gone into a re-thinking 
of study plans, goals, possibilities and inappropriate situations. 
 
In the mechanical engineering area the Department of Manufacturing Engineering and 
Management and the Department of Mechanical Engineering deliver the technical courses for 
the Bachelor education (called Production and Engineering Design, P&E). In cooperation the 
two departments gives an introductory ‘Engineering Work’ course with much emphasis on the 
CDIO philosophy. This course in particular but also the design of the study plan will be 
described in this paper as will an ongoing effort on evaluating the current curriculum with 
improvements in mind. 
 
A part of this evaluation of the curriculum will involve an analysis of first year courses among 
some of the universities participating in the CDIO initiative and comparing this with the goals set 
and results achieved at DTU. It should be mentioned here, that traditionally, the students 
coming from the Danish high school system have an almost lifelong experience in some of the 
professional, personal and interpersonal CDIO skills, group work, team work, report writing, 
communication etc. To a large extend this reduces the effort that we usually put directly into 
teaching those topics and allow us to put more emphasis on developing their technical skills 
and only make sure that their proficiency in personal and professional skills are maintained and 
developed to a reasonable extend. 
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INTRODUCTION 
 
Until recently, the educations at DTU could structurally be divided into a 3.5 years Bachelor of 
Engineering program with emphasis on practical applications and the goal to educate 
candidates that could handle daily operations in industry, and a 5 years Master of Science in 
Engineering program that focused on a research based education aiming at preparing the 
candidates to take active part in research and development in companies as well as in research 
institutions. 
 
The structure of the DTU educational program is relatively modularized, that is, each subject is 
taught in a 5 or 10 credit course; and the relations to other courses are either prerequisite 
courses or the course being a prerequisite for other courses. To some extent, those links are 
only vaguely maintained. In particular, when courses changes drastically (like our courses in 
mathematics have done), not all teachers in subsequent courses may notice the changes until 
some students make him aware of it! 
 
Due to the difference in goals the two groups of students have been kept apart as have the 
teachers. Another difference between the two educations was that in the Bachelor program, the 
students had almost no elective courses (in total corresponding to less than half a year of 
study), whereas the Master students could finalize with less than two study years of compulsory 
courses. In order to obtain a degree with a specialization, though, some stronger requirements 
must be fulfilled but in total that typically left the student with almost two years of study on fully 
elective courses. 
 
The annual calendar at DTU is divided into two semesters (fall and spring). Each semester is 
divided into a 13 weeks lecturing period, a 2-3 weeks exam period, and a 3 week period with 
one course running “whole day” for all three weeks. This division has always been important in 
order to maintain a balance between theoretical and practical courses. Though we do have 
experimental courses during the 13 weeks period, most of the 3 weeks courses have built in a 
high degree of practical experiments either in the workshop or in the computer lab. Over the 
years, budget cuts and cuts in the number of courses that we can give, have been relatively 
hard on the number of practical courses available. They are the most expensive and they are 
the most time consuming courses for the teachers. We are though aware of that it is a special 
brand for our candidates (both Bachelors and Masters), that they have had some practical 
courses during their time of study. Admittedly though, the students do not have as much 
practical experience that we would declare the educations to be CDIO educations. 
 
Both the Bachelor program and the Master program were divided into different specializations 
(chemical-, civil-, electrical-, mechanical-, and etc. engineering, to mention a few). There were 
all in all 7 Bachelor programs; for the Master program there was 12 different intake programs 
and 16 outlet programs. Due to the implementation of the Bologna declaration this will be 
changed over the coming years in a dynamic process. This has already begun with the students 
starting at DTU in September 2004. 
 
 
 
 
 
 
 



 

THE DTU (3+2) CURRICULLUM. 
 
The process of changing the DTU studies from the previously described structure into a 
structure in accordance with the intentions in the Bologna declaration has been long and tough. 
It is not easy to split up a 5 year rounded study plan into 2 complete and final studies, which 
complement one another. Opening both of those such that the initial Bachelor serves as a good 
(international) foundation for taking the Master abroad, and similarly accepting foreign students 
into our own Master programs with the mixture of prerequisites that they have – that has been 
and will be a major challenge. At the same time, it is mandatory to maintain the quality of the 
DTU candidates, and this has forced us to put much more focus on the professional progress 
that our students are making during their studies – this attention might be beneficial for both 
students and faculty. 
 
One of the first decisions to make was whether DTU should maintain one or two Bachelor 
studies; i.e. if the original (professional) Bachelor of Engineering could serve both as the 
entrance education to the Master study and as rounded education for an industry career or if we 
should have two separate Bachelor studies. It was important for DTU to maintain 3.5 years 
engineering education leading directly to a professional career in industry and this education 
serves by no means also the purpose of being a foundation for finalizing with a Masters degree 
within 5 years of study. Thus we had to build a new Bachelor of Science education lasting 3 
years, which is not giving competences to fulfill a job in industry but serves as a solid foundation 
for continued studies either at DTU or elsewhere. It is important to emphasize that a student 
having passed the Bachelor of Science with the smallest possible margin is qualified to continue 
studying on our Master program – this requires some explicit descriptions of competences 
achieved during the Bachelor program and writing up this is now in progress. Unless explicitly 
stated otherwise a reference to a Bachelor program is always a reference to the Bachelor of 
Science program immediately preceding the Master program. 
 
Currently, we have with some 12 different curricula’s on the Bachelor program. Each of these is 
a separate education and the students will have to sign up for a specific program and switching 
to another program can be complicated. ‘In the old days’ switching between the different studies 
offered was relatively easy, since the students formally (only) had signed up at DTU. In order to 
avoid the different curricula to diverge some structural rules have been set up. In short, they can 
be described as follows: 3 years of study has the equivalence of 180 credits. The types of 
courses that students take are divided into the following four categories: Scientific basis courses 
(mathematics, physics, etc.), technology courses (they determine what kind of Bachelor it is), 
projects and general courses, and finally the elective courses. It has been a cornerstone to the 
structure of the whole study plan, that each of the four groups is 45 credits (25%). This 
illustrated in figure 1. 
 
 

Basic                                1 
Scientific             45 credits 
Courses 

Technology                         2 
Courses                45 credits 

Projects and                     3 
General               45 credits 
Course 

Elective                               4 
Courses                45 credits 

Figure 1: General structure of all the BSc. educations at DTU. 
 
Between the different Bachelor programs there could be variations on which courses are 
relevant as the scientific basis, but in general this group has 20 to 25 credits mathematics, 10 to 



 

15 credits physics, some chemistry, some statistics or similar courses. A typical set-up for the 
technological courses is to require 45 credits passed from a list of courses 60 credits long. The 
elective courses cannot be chosen fully at random; it is necessary for the student to spend 
some of these credits on prerequisite courses to courses appearing in the following Master 
program (since each Bachelor program can serve as basis for several Master programs, this is 
not making it easier for the students!). We highly recommend our students to plan their studies 
one to two years ahead. Typically, the fourth group, projects and general courses contain the 
following: a 10 credit project on the fourth semester, a 15 credit final project on the sixth semes-
ter, a 10 credit course on ‘Engineering work’, a 5 credit programming course, and a 5 credit 
course on engineering science and history. 
 
A similar frame for re-defining our Master programs will be set up. This is a work in progress 
and it is expected to be finished by the end of the year. With 2 years and 120 credits available, 
each of the four groups will be 30 credits. Superfluous courses taken during the Bachelor will be 
transferred (if possible) to the Master study. It is allowed to take more courses than required! 
 
At DTU, it is important to maintain a relatively high proportion of elective courses in our 
student’s curriculum, since we believe that students learn more when they study from interest 
and not from obligation. It is also important to mention, that with a Danish industry consisting 
mostly of SMEs (small or mid-sized enterprises), it is important that for instance mechanical 
engineers cover rather different fields but have a common foundation. In a curriculum with only 
few elective courses the progress can be maintained in a compulsory part. With over 25% 
elective courses in a student’s curriculum it is important to ensure a continued progress during 
the course of their studies and to develop some tools that can be used by the students in the 
process of making their own study plan. It is in our view important to maintain a certain balance 
between elective courses and a reasonable progress in the studies. 
 
Finally, the first year of study is planned fully with only room for letting the students select one 5-
credit course (either an elective course or a technological course) on the second semester. In 
subsequent semesters the students are supposed to administer their own plan of study more 
freely. During their first year, the students will have an exercise on how to make their own plan 
of study primarily based on some study plan examples. To quote a colleague from industry: 
‘How can you develop a project leader responsible for a billion dollar project from a person 
(student) not being able to take the responsibility for his/her own study’.  
 
At DTU, it is a management decision that more and more of our professional Bachelor of 
Engineering educations should be given as CDIO educations. They are well suited for this since 
they are required to have a major practical content in combination with theoretical issues and 
they have a relatively fixed plan of study (few elective courses). Our Bachelor of Science educa-
tions will contain courses designed after CDIO principles but at the moment we have no 
intentions of fully exploiting the CDIO concept. The primary reason is our belief in a high per-
centage of elective courses and this makes it somewhat difficult to tailor the progression in the 
education. 
 
 



 

PRODUCTION AND ENGINEERING DESIGN (P&E) – THE STUDY PLAN 
 
It was a management decision that the name of our Bachelor in mechanical engineering should 
not be ‘Mechanical Engineering’. The reason being, that that title had a scent of grease and 
wrench despite it described the content completely. Instead the Danish title ‘Produktion og 
Konstruktion’ (translated into ‘Production and Engineering Design’ (P&E)) was chosen. Whether 
there is any connection at all is doubtful, but more than a 60% increase in applicants was 
detected immediately after the change of name as well as a considerable higher percentage of 
female students. There can be many other reasons for this increase in interest but an increased 
marketing effort is definitely not one of them! 
 
Referring to the numbering in Figure 1 a short outline of the content of the Bachelor in P&E can 
be given as follows:  
 

1. Advanced Engineering Mathematics 1 (20 credits), Physics 1 (10 credits), and 
Fundamental Chemistry (5 credits) are compulsory and the students must choose two of 
the following four 5 credit courses: Advanced Engineering Mathematics 2, Physics 2, 
Introduction to Statistics, or Probability Theory. 

 
2. 45 credits from the following list of courses: Process Technology, Materials Science, 

Production Technology (Workshop Training), Production Technology (Fundamentals), 
Introduction to Production and Operations Management, Basic Fluid Mechanics, 
Principles of Naval Architecture and Offshore Engineering 1, Fundamentals of 
Engineering Thermodynamics, Strength of Materials 1, Strength of Materials 2, and 
Engineering Design. Introduction to Production and Operations Management is a 10-
credit course; the other courses give 5 credits each. 

 
3. Projects and general courses: There are two projects to be carried out in this study: a 

10-credit (4th semester) project and a final (6th semester) 15 credit Bachelor project. 
Further, this group contains the Engineering Work course, a 5-credit Programming 
course, and a 5-credit course on engineering technology and history. 

 
4. The elective courses can be chosen more or less freely from the whole DTU course 

catalogue (900+ courses), but we recommend the students to study some sample study 
plans (see four examples of study plans in the appendix) in order to be inspired for their 
own selection. In particular during the first year, there are very few elective courses to 
choose between. 

 
We believe, that it is important that the students learn to select between a large variety of 
courses in order to build the competences that are most essential to them as individuals. 
 
A student signing up for the P&E Bachelor program is automatically enrolled in the first 
semester courses Mathematics 1 (10 credits), Physics 1 (5 credits), Engineering Work (10 
credits), and Production Technology – Exercises (5 credits). Both the math course and the 
physics course are taught for a whole year with a mixture of lectures, group work, project work, 
and homework. The evaluation of both courses will be based on elements from project work, 
homework and traditional written exams taken during the year. The course Engineering Work is 
described in more details in the next chapter. Production Technology (Workshop Training) is a 3 
weeks course where the students learn and try different machining processes in practice; hands 
on experience.  
 



 

In the second semester Mathematics 1 (10 credits) and Physics 1 (5 credits) are continued. 
Production Technology – Theory (5 credits) puts the exercises into perspective and in a 
‘Strength of materials’ (5 credits) course the students will learn some of the basic mechanical 
engineering competences. We leave it up to the students to decide if the last 5 credits should be 
used on Material Science, Basic Economy, or maybe something very different. 
 
Looking at the different study plans in the appendix it is obvious that the resulting qualifications 
from either of them are very different; this is intentionally. To some extent, there will be a 
common overlap of courses, and it is the intention that this overlap generates a common 
knowledge and language of the candidates. It should be noticed though, that this is a new study 
plan and so far we have more expectations to it than experiences with it. 
 
ENGINEERING WORK – A FIRST SEMESTER CDIO COURSE 
 
There are multiple purposes with the first semester course Engineering Work. The principal goal 
is that it should give the students a very clear impression of what kind of working environment 
they can expect when they have finalized their studies. Secondly, they should learn some basic 
technical competences (we try to establish the students within the technical/professional domain 
of Mechanical Engineering (vocabulary, how do things work, machine elements, jobs, etc.)), and 
thirdly it should contain activities that integrate the students professionally and socially. It is our 
belief, that though the students expect to find a lot of mathematics, physics, and other basic 
sciences on their first semester in order to prepare for the remaining part of their studies, a very 
different course closely related to their expectations for a coming profession can ease the 
starting pain.  
 
The Engineering Work course appears on each of the Bachelor lines but most of them are 
different. Our version of the course has several CDIO elements included but it does not strictly 
follow the CDIO recipe; the content of the course can shortly be described as follows: 
 

1. CAD, drafting, sketching, animation (40%) 
2. Disassemble and assemble a lawn mover with a four stoke engine (20%) 
3. Sketch and analyze different parts and functionalities of the engine (10%) 
4. Product economy and product enhancement (10%) 
5. Engineer lectures, excursions, engineering history, etc. (10%)  
6. Group work, report writing, socializing, study plan activities (10%) 

 
The percentage indicates the weight of that activity, time wise. Comments on the different 
activities follow below. 
 
It is a main objective of this course to teach the students to express themselves using drawings 
and sketches. Most of our students have not made any sketches at all since they were 10 years 
old. Being able to read and to some extend to make production drawings is important. As a CAD 
tool we use Pro/E. In this system it is possible both to produce feature-based models (ready for 
generating CNC machining codes) and to connect parts and animate mechanisms. 
 
In groups of four the students get a lawn mover with a four-stroke gasoline engine. The students 
start the engine for control. Then they empty the machine for oil and gasoline before they begin 
to disassemble everything including the engine. They should list all components and keep track 
of all pieces in plastic bags. Some operations require special tools – they learn how to use 
those. The students are asked to guess (qualified) on how the different components are 
manufactured and from which materials; what are the requirements to tolerances, strength, 



 

hardness, and surface roughness. When opened, they should describe the functioning of differ-
ent mechanisms and some of the processes taking place when operating. This is essentially re-
verse engineering – or Conceiving. In figure 2, there are some photos taken during last 
semester. 
 
A separate task is the evaluation of the product economy; what are the costs associated with 
the production of the different parts of the lawn mover? How does this relate to the product price 
in the store? How much is spent on transportation? How much man time can be used on the 
production of the engine? Etc. A Design exercise is introduced by asking the students to extend 
the functionality of the lawn mover (add-ons for sweeping leafs of the garden, moving snow off 
the walk way, etc.), but it was not Implemented. The assembly of the lawn mover could be seen 
as some kind of Implementation, and the students are required to make the engine run again 
(Operate) before they are finished. 
 
Parallel to the disassembly of the lawn mover, theory lessons are given in product analysis 
methodology. The product analysis methodology is a framework giving the students a common 
way of describing products. A product may be described by: 

• its parts (crankshaft, connecting rod, piston, cylinder etc.) 
• super-system (the lawn mover) and sub-systems(the engine, the air filter, etc.) 
• the task that it performs (cutting grass) 
• the operator interface (starter, speed control, brake) 
• the internal process (four stroke engine) 
• etc. 

 
The students do not know the professional designation of many of the components and machine 
elements, but the product analysis methodology gives the students a basic vocabulary so that 
they can describe a product in a professional way. 
 

               
 



 

       
Figure 2: Students disassembling a lawn mover engine 

 
During the course there are some lectures made by younger or older engineers from industry 
introducing the students to the functions of a professional engineer. One clear message from 
most of those was that even if you plan to enter into company management it is very important 
to have a technological foundation. A few of the lecturers were CEOs of their companies. Two 
excursions are included, one to a museum for the former shipbuilder B&W, which currently has 
a major business as engine designer for ships, and the other to Danfoss, a global Danish 
company with much emphasis on production technology. 
 
The remaining part, training Interpersonal skills, contains several minor exercises: 
 

1. On day one, the students were put into groups randomly and asked to look for a 
handicap one could suffer from; describe a device for aid and come up with a better 
solution for helping persons with that kind of handicap. A report should be handed in 
within 2 weeks. 

 
2. The above reports are nice examples to have when lecturing on problem solving and 

report writing. The students though are frustrated about not having had those lectures 
before they were asked to write the report.  

 
3. When having external lecturers, a group of students should investigate the company the 

lecturer is coming from, make a 5 minutes presentation of the company immediately 
before the lecturer starts, and finally prepare a minute from the presentation. 

 
4. In connection with the exercise on making their own study plans, the students are asked 

to write an essay about why they want to study engineering, what they expect to get out 
of it, what they want their first job to be (study some adds), and how they think they 
could qualify for the job (their study plan). 

 
At DTU we have in particular noticed, that most of our incoming students have some training in 
most of the CDIO ‘soft’ skills (professional, personal and interpersonal skills). For us the task 
has more been to make those qualifications visible and maintain their training rather than 
teaching the students. When entering DTU, all our students have already written some reports, 
some/most of them have already made presentations using PowerPoint, and they have been 
doing group-works for more than 5 years. 
 



 

The assessment is based on the students completing different parts with different weights with 
different scores. The total score can be found by summing up the products of scores and 
weights. In our initial version, the evaluation was either pass or fail, and to a large extent this 
was determined by whether the hand made drawings and the CAD-models and drawings were 
acceptable or not. It is though important for us to make it clear for the students, that those who 
work hard will get a better grade, so next time the students will obtain grades. The CAD part 
was to a large extent evaluated as a portfolio exam where the drawings from different exercises 
were collected through the semester and evaluated/accepted continuously through the 
semester. The handicap exercise and reporting the external lecturers both ended with a report, 
and the lawn mover exercise ended with 3 reports out of which one was presented orally to the 
class. This leaves us with plenty of material for evaluating each student individually.  
 
The course obtains a very positive evaluation from the students at the end of the semester. It is 
remarkable that especially the female students say that the course makes them confident that 
they can understand and describe the working principle of machines they will meet in the future. 
 
This first year course was introduced seven years ago and has been modified lately with inspira-
tion from the CDIO concept.  It is noteworthy that the drop out rate after the first year of study in 
the P&E BSc (formerly Mechanical Engineering) is the lowest at DTU, approximately 15%. Most 
courses in the first year curriculum are the same for the different BSc. Educations. We therefore 
believe that it is the CDIO-inspired course that motivates the student to stay at DTU. This type 
of course is more expensive (teaching hours, workshop, tools, and materials) than traditional 
courses but we believe that a low drop out rate justifies the cost. 
 
The time slots given to the course were all Wednesday and Friday afternoon (1 PM to 5 PM). In 
particular the Friday afternoon was used for their workshop exercises and the students had to 
walk between the workshop, the classroom and the computer lab. On their way between the 
premises, they passed a student bar opening on Fridays at 2 PM. To our surprise all of the 
students resisted the temptations from the bar almost to the very last Friday of the semester! 
 
 
FIRST YEAR COURSES – A COMPARISON. 
 
There is no doubt, that the way the students experience their first year (or even their first se-
mester) is crucial for their continued interest in staying within engineering education. Therefore it 
is very important that: 1. The first year is well planned, 2. The lecturers responsible for teaching 
first year courses must be selected carefully, and 3. The students have no prior knowledge of 
what studying is – let them know before they get bad habits! 
 
In [1] there is a comparative description of the first year courses at KTH, LiU, Chalmers, and 
MIT involved in the CDIO program. From the above Engineering Work course description one 
can imagine that there are many similarities and also a few differences between our course and 
the similar courses given by the other universities. It might be fair at this point to mention, that 
cultural (social) differences between students have some impact on what can be done and how 
it could best be done. One example is that Danish students on entry have an almost lifelong 
experience with group work/team work, writing reports, oral presentations, and some of the 
other CDIO soft skills. It is important to continue their training from where they are. Also, trying 
to set up a very controlled environment (everything - what to do and how to do it - is planned 
and determined on before hand) for our students will make the bright ones leave immediately. A 
similar behavior may not be found in other countries.  
 



 

There are several important aspects of a first year course: 1. It must be in a line of progression 
in technical knowledge, 2. It must actively engage the students in socializing with the other 
students, 3. It must introduce the students to aspects of what lies within different parts of their 
future study, and 4. It must be fun and challenging. These goals can be achieved in many 
different ways and our Engineering Work is just such an example. In our view, when designing 
such a course, it is very important to compare the objectives that we as lecturers want the 
students to achieve with the view of the students on the different activities involved in the 
course. If there is a disagreement the students will typically follow their own path and they will 
not achieve what the lecturer has intended. The following story illustrates that aspect: The initial 
2-week handicap exercise was primarily intended as an appetizer for a lecture on how to write a 
report. Some of the students were rather mad after the lecture because they wanted the lecture 
before they had to write the report! The idea that they got more out of the lecture after already 
having had the practical experience never occurred to them. 
 
Some key issues discussed in [1] are similar to what we have seen: 
 

• A pass/no pass evaluation reduces the student interest in sweating too much; individual 
grades are cumbersome for the lecturers to produce for large classes but it is necessary. 

 
• Practical project work stimulates curiosity and puts theoretical elements into perspective. 

 
• Female students have a lot of limits moved but it gives them some confidence; they may 

end up being excellent engineers. In general our female students are much more 
focused on problem solving and harder working than the typical male student. 

 
• Groups must not be too small, and it is OK to make students change groups for different 

tasks. It is OK to let one group participate in the evaluation of another group. 
 

• Close contact between students and faculty makes the students feel welcome and 
important. 

 
In our view, it is important that the first year courses are specially tailored to the background of 
the entering students professionally, socially and culturally. It is also important to put into those 
course some challenges and fun parts that trigger in particular the bright students because they 
have the resources to influence the whole class in a positive (or in a negative) direction. It works 
in a similar way with some of the female students – some can make the boys work hard! They 
learn what they do and the more they do the more they learn. 
 
CONCLUSIONS 
 
It is important that both curriculum and teaching in an engineering education are both planned 
with proper respect to the qualifications of the students entering, the social and cultural 
traditions of the school and the requirements to the final product – the engineers. This is though 
not to be used as an excuse for not trying to improve the educations by taking up ideas and 
experiences obtained elsewhere. 
 
The change of the curriculum caused by the Bologna declaration also enforces us to be much 
more specific in our description of competences; both on the entry level and on the exit level of 
our educations. This is not a bad thing. In case such clear and stringent descriptions of entry 
competences do not exist, there will be a problem if and when the students start to utilize the 



 

freedom aimed at in the declaration for taking parts of their education at different European 
universities. In the process of writing up these competences we are confident that being 
involved with the CDIO way of thinking education can be of major help primarily because CDIO 
is so well documented. 
 
Though it is important in the first year to build a solid foundation in mathematical and physical 
knowledge, it is also important to have a course, that gives the students a realistic impression of 
what is Engineering Work – what will they be doing for the rest of their career. In such a course 
it is possible and important also to introduce some basic engineering skills (both technical skills 
and personal and professional skills). In case this involves some kind of additional ‘nursing’, we 
find that such resources are well spent. One important goal is also to clarify for the student 
whether this study leads to their dream work or not. In the latter case, it is important they do 
drop out early. 
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APPENDICES  
 
Four different plans of study are adjourned. Though very different, they are all generated from 
the same basic curriculum description (Bachelor of Science in Production and Engineering 
Design).



 

Study plan #1: Production and Engineering Design Bachelor specialized in Engineering Design and Mechanics 
A study plan full filling the requirements for Basic Science courses with electives (45 credits), Technological courses (45 credist), projects and general 
courses (45 credits), and a list of proposed elective courses (45 credits). 

 MONDAY TUESDAY WEDNESDAY THUSDAY FRIDAY  
Sem-
ester 1 A 2 A 3 A 4 A 5 A 5 B 2 B 1 B 4 B 3 B 3-WEEKS 

1 

10022   
Physics 1 

 01005   
Advanced 
Engineering 
Mathematics 1 

01005   
Advanced 
Engineering 
Mathematics 1

11000   (10 p) 
Engineering  

11000    (10 p)
Engineering 

  01005   
Advanced 
Engineering 
Mathematics 1 

11000   (10 p) 
Engineering 

42302  
Production 
Technology 
(workshop 
training) 

2 

10022  
Physics 1 

41501 
Strength of 
Materials 

01005              
Advanced 
Engineering 
Mathematics 1

01005              
Advanced 
Engineering 
Mathematics 1

 42301 
Production 
Technology 
(Fundamentals
) 

 42110 
Materials 
Science 

01005              
Advanced 
Engineering 
Mathematics 1 

  

3 
 26027  

Fundamental 
Chemistry 

 10042/44  
Physics 2  

  41502 
Strength of 
Materials 2 

02xxx 
Programming 

 42610 
Theory of 
Science in 
Engineering 

41811 

4 

PROJECT  
(10 p) 

 41401 
02402 

42201 
41560 

41603   (5p) 
Engineering 
Design 

41603   (5p) 
Engineering 
Design 

01035  
Advanced 
Engineering 
Mathematics 2 

 41202  
Principles of 
Naval 
Architecture and 
Offshore 
Engineering 1 

 PROJECT 
(10 p) 

5 
 41670 41312     

Fluid 
mechanics 

42405 
41612 

01246 01246 41670 
41313 

41511 
41210 

42405 
41612 
 

 41822 
41272 

6 
BACHELOR 
PROJECT 
(15 p) 

BACHELOR 
PROJECT 
(15 p) 

41611  41271 41271  BACHELOR 
PROJECT 
(15 p) 

41614 41611  

 
 
 
 

Recommended elective courses within Engineering Design and Mechanics (at most 45p) 

 01246  Partial Differential Equations – Applied Mathematics   10 p 
 02402  Introduction to Statistics                                                   5 p 
 41210  Load and  Global Response of Ships                              7,5 p 
 41271  Ship Design                                                                     10 p 
 41272  Economic and Environmental Perf. of Transp. Syst.        5 p 
 41313  Wind Turbine Technology and Aerodynamics               7,5 p 
 41511  Strength of Materials 3 (Fiber Laminates)                        5 p 

 41560  Mechanical Vibrations                                   5 p 
 41611  Machine Elements                                        10 p 
 41612  Product Design and Documentation            10 p 
 41614  Dynamics of Machinery                                 5 p 
 41670  Motion Control                                            10 p 
 41811  Experimental Mechanics                               5 p 
 41822  Experimental Methods in Fluid Mechanics   5 p 



 

 

Study plan #2: Production and Engineering Design Bachelor specialized in Energy Engineering. 
A study plan full filling the requirements for Basic Science courses with electives (45 credits), Technological courses (45 credist), projects and general 
courses (45 credits), and a list of proposed elective courses (45 credits). 

 MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY  
Sem-
ester 1 A 2 A 3 A 4 A 5 A 5 B 2 B 1 B 4 B 3 B 3-weeks 

F1 
10022   
Physics 1 

 01005   
Advanced 
Engineering 
Mathematics 1

01005   
Advanced 
Engineering 
Mathematics 1

11000   (10 p) 
Engineering  

11000    (10 p)
Engineering  

  01005   
Advanced 
Engineering 
Mathematics 1

11000   (10 p) 
Engineering  

42302  
Production Tech-
nology (Work-
shop Training) 

S2 

10022  
Physics 1 

41501 

Strength of 
Materials 1 

01005              
Advanced 
Engineering 
Mathematics 1

01005              
Advanced 
Engineering 
Mathematics 1

 42301 

Production 
Technology 
(Fundamentals
) 

 42110 

Materials Science

01005 
Advanced 
Engineering 
Mathematics 1

  

F3 
 26027  

Fundamental 
Chemistry 

41312     
Fluid 
Mechanics 

   41502   
Strength of 
Materials 2 

02xxx 
Programming 

02405  
Probability 
Theory 

 41822   
 

S4 

 
FAG-
PROJECT 
(15 p) 

 41401 
Fundamental 
Engineering 
Thermodynam
ics 

 41603   (5p) 
Engineering 
Design 

41603   (5p) 
Engineering 
Design 

01035  
Advanced 
Engineering 
Mathematics 2 

02601 41202  
Principles of 
Naval 
Architecture 
and Offshore 
Engineering 1 

  
FAGPROJECT 
10 p 

F5 
 41414 

 
02402  
 

41814   41402  (5p) 
 

41402   (5p) 
 

41414 
 
 
 

  42610 
Theory of 
Science in 
Engineering 

41410 
41418 

S6 
 
BACHEL
OR 
PROJECT 

 
BACHELOR 
PROJECT 
(15 p) 

41813 41415    41815  
BACHELOR 
PROJECT 
(15 p) 

41415   
 

41813   

  

Recommended elective courses within Energy (at most 45p) 
02402  Introduction to Statistics                                            5 p 
02601  Numerical Algorithms                                                5 p 
41402  Simulation of Energy Systems                                     5 p 
41410  Basic course in Fuel Cells                                          5 p 
41414  Internal Combustion Engines and Transport               10 p 
41415  Power Plants                                                            10 p 
 

41418  Energy Production and Air Pollution                   5 p 
41813  Design of Energy Systems                                 10 p 
41814  Heat Transfer                                                       5 p 
41815  Heating, Cooling and Air Conditioning              5 p 
41822  Experimental Methods in Fluid Mechanics         5 p 
 



 

 
 

 
 

Study plan #3: Production and Engineering Design Bachelor specialized in Industrial Production. 
A study plan full filling the requirements for Basic Science courses with electives (45 credits), Technological courses (45 credits), projects and general 
courses (45 credits), and a list of proposed elective courses (45 credits). 

 MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY  
Sem-
ester 1 A 2 A 3 A 4 A 5 A 5 B 2 B 1 B 4 B 3 B 3-WEEKS 

E1 

10022   
Physics 1 

 01005   
Advanced 
Engineering 
Mathematics 1 

01005   
Advanced 
Engineering 
Mathematics 1

11000   (10 p) 
Engineering  

11000    (10 p) 
Engineering  

  01005   
Advanced 
Engineering 
Mathematics 1

11000   (10 p) 
Engineering  

42302  
Production 
Technology 
(Workshop 
Training) 

F2 
10022  
Physics 1 

41501 
Strength of 
Materials 1 

01005              
Advanced 
Engineering 
Mathematics 1 

01005              
Advanced 
Engineering 
Mathematics 1

 42301 
Production 
Technology 
(Fundamentals) 

 42110 
Materials 
Science 

01005              
Advanced 
Engineering 
Mathematics 1

 42120 
 

E3 
 26027  

Fundament
al 
Chemistry 

 10042/44 
Physics 2 

  41502 
Strength of 
Materials 2 

02xxx 
Programming 

 42610  
Theory of 
Science in 
Engineering 

42120 
42341 

F4 

 
PROJECT 
(10 p) 

 41401 
Fundamental 
Engineering 
Thermodynam
ics 

42201 
Process 
Technology 

41603   (5p) 
Engineering 
Design 

41603   (5p) 
Engineering 
Design 

01035  
Advanced 
Engineering 
Mathematics 2 

   
PROJECT 
(10 p) 

42120 
42226 
42260 

E5 

42213 42230 
42415 

42221 
 

42405 
Introduction to 
Production 
and 
Operations 
Management 

  42230 
 

42213 42405 
Introduction to 
Production 
and 
Operations 
Management 

 42120 
42250 
42341 

F6 
 421302130 42415   

BACHELOR 
PROJECT 
(15 p) 

 
BACHELOR 
PROJECT 
(15 p) 

42130xxxx 
p) 

   
BACHELOR 
PROJECT 
(15 p) 

42120 
42260 

  

Recommended elective courses (at most 45p)  
42120 Laboratory Course in Metallurgy                             5p 
42130 Metallic Materials                                                   10p 
42213 Industrial Forming and Cutting of Metals              10p 
42221 Metallurgy, Design and Manufacturing  
           of Cast Components                                                   5p 
42226 Experimental welding technology                              5p 

42230 Polymer Processes                                                10p 
42250 Laboratory Course in Process Simulation              5p 
42341 Development/optimization of production systems 5p 
42415 Engineering Economy                                            5p 
 



 

 

 

Study plan #4: Production and Engineering Design Bachelor specialized in Planning and Operations Management. 
A study plan full filling the requirements for Basic Science Courses with electives (45 credits), Technological courses (45 credits), projects and general courses (45 
credits), and a list of proposed elective courses (45 credits). 

 MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY  
Sem-
ester 1 A 2 A 3 A 4 A 5 A 5 B 2 B 1 B 4 B 3 B 3-WEEKS 

E1 

10022  
Physics 1 

 01005   
Advanced 
Engineering 
Mathematics 1 

01005   
Advanced 
Engineering 
Mathematics 1 

11000   (10 p) 
Engineering  

11000     
Engineering  

  01005  
 Advanced 
Engineering 
Mathematics 1 

11000    
Engineering 

42302  (5 p) 
Production 
Technology 
(Workshop 
Training) 

F2 
10022  
Physics 1 

41501  (5 p) 
Strength of 
Materials 1 

01005             
Advanced 
Engineering 
Mathematics 1 

01005              
Advanced 
Engineering 
Mathematics 1 

 42301  (5 p) 
Production 
Technology 
(Fundamentals) 

 42110  (5p) 
Materials Science

01005              
Advanced 
Engineering 
Mathematics 1 

  

E3 
 26027 (5 p) 

Fundamental 
Chemistry 

42410 10042/44  
Physics 2 

 42435 01035  
Advanced 
Engineering 
Mathematics 2 

02xxx 
Programming 
 

42610 
Theory of 
Science in 
Engineering 

 42341 

F4 
 
PROJECT 
(10 p) 

 42410 
42415 

42201   
Process 
Technology 

41603   (5p) 
Engineering 
Design 

41603 
Engineering 
Design 

 42412    
PROJECT 
(10 p) 

E5 

 42415 
42421 
42440 

41312    
Fluid Mechanics 

42405   
Introduction to 
Production and 
Operations 
Management 

 42435  
 
 
 

42412 
 

42405  
Introduction to 
Production and 
Operations 
Management 

 42341 

F6 

 
BACHEL
OR 
PROJECT 
(15 p) 

 
BACHELOR 
PROJECT 
(15 p) 

42410 
42415 

   
BACHELOR 
PROJECT 
(15 p) 

 42412    

  

Recommended elective courses (up to 45p)  
42341 Development/optimization of production systems        5p 
42410 Basic Accounting and Budgeting                                 7,5p 
42412 Introduction to Economics                                            5p 
42415 Engineering Economy                                                   5p 
42421 Management and Organization                                     5p 
42425 Business Law for Engineers (evening course)            10 p 

42430 Project Management                                                      5p  
42435 Entrepreneurship and Company Start-up                        5p 
42440 Technology and Economics                                            5 p 
42470 Introduction to Industrial Environmental Management      5 p 
42521 Introduction to Working Environment                              5p 
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ABSTRACT  

 In the MIT Mechanical Engineering course, Introduction to Design and Manufacturing (2.007), students 
learn Deterministic Design, a design process similar to the scientific method approach to solving 
problems in the natural world.  Deterministic Design merges qualities of the scientific method with the 
business focus of risk assessment and countermeasures, and schedules.  We call it Deterministic 
Design because the method seeks to minimize unknowns, and to map out a solution path and 
implementation plan.  We practice it with the use of a Peer-Review Evaluation Process (PREP).  

Idea development is a sequence of three stages: Strategies, Concepts and Modules.  At each step of 
creating (strategy, concept, and modules) a deterministic process occurs.  Individuals create (and write 
down their ideas), PREP, and then brainstorm.  It is with this crucial process, we can virtually guarantee 
underrepresented people will be drawn in as fully contributing members of design teams.  

Individual Thought constitutes the first phase during each of the three stages of developing 
ideas.  During the second phase in developing ideas, a peer-review process is employed, where (N) 
people circulate their Milestone Reports to the other (N-1) people for comments.  Brainstorming is the 
third phase, which helps teams solve personal creativity deadlocks and helps to ensure nothing has 
been overlooked.  Collectively, we call these three phases the Peer-Review Evaluation Process (PREP).  
It maintains the creativity of individuals and the power of teams, and provides a written record for how 
ideas evolve.  

PREP is not intended to add time to the design process; it is a step that is missing from the 
process to reduce time, by getting everyone fully involved, and to understand what team members are 
doing.  

NOMENCLATURE  
    

DD = Deterministic Design  
PREP = Peer-Review Evaluation Process  
BLE = Bench Level Experiment  
FRDPARRC = Functional Requirements, Design Parameters, Analysis,  

References, Risks, Counter-measures  
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INTRODUCTION  
In the MIT Mechanical Engineering course, Introduction to Design and Manufacturing (2.007), students 
learn Deterministic Design, a design process similar to the scientific method approach to solving 
problems in the natural world.  The so-called “scientific method”1 generally includes the following steps:  

  Identify a problem  

  Develop a hypothesis  

  Design a controlled experiment  

  Run the experiment and gather data  

  Analyze the data  

  Modify the hypothesis accordingly  
 
Deterministic Design merges qualities of the scientific method with the business focus of risk 
assessment and countermeasures, and schedules:  

  Observe the problem and it’s physics  

  Develop a hypothesis/solution  

  Use peer-review to evaluate the hypothesis and later the solutions  

  Analyze the proposed solutions, and perform Bench Level Experiments (BLE)  

  Study references and appraise solutions to identify the “best one”  

  Assess the risks2  

  Plan countermeasures  

  Employ, examine and enhance the idea to alleviate flaws, and resort to countermeasures 
if falling behind schedule due to profound complexity  

 
Because this method seeks to minimize unknowns, and to map out a solution path and 

implementation plan, we generally call it Deterministic Design, with the use of the Peer-Review 
Evaluation Process (PREP).  Table 1 shows how these issues are captured in a table format that 
students are asked to address.  

1 Scientific Method as summarized by Slocum, A., Graham, M., and Abu-Ibrahim, F., Teaching Design With A Peer-Review Process [1].  Some see the 
design process as being quite different from the scientific process.  The scientific process leads to new understanding and the design process leads to new 
products.  However, similar processes can be used to reach different ends.   

2 For more detail than common knowledge, or gut feeling, Failure Mode and Effect Analysis, FMEA [2], or Finite Element Analysis, FEA [3] can be used to 
assess the risks.  
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Table 1: Functional Requirements, Design Parameters, Analysis, References, Risks and Counter-

measures, also known as “FRDPARRC” (pronounced “Fred Park”) coined by Prof. Alexander Slocum at 
MIT. 

Idea development is a sequence of three stages: Strategies, Concepts and Modules.  Each stage 
essentially requires addressing the issues in Table 1.  As shown in Figure , first strategies are 
determined (overall approaches to solve a problem) and then concepts are developed to implement the 
strategies.  Simultaneous consideration of strategies and concepts allows for the best concept to be 
chosen: the best strategy is the one that likely achieves the best performance with the most manageable 
risks.  Afterwards, the individual modules of the project are designed.  This concept of Deterministic 
Design still leaves a lot of room for the wild free creative spirit that inspires experimentation and play.  

  

 
Figure 1: block diagram of the stages of idea development 

At each step of creating (strategy, concept, and modules) a deterministic process occurs.  Individuals 
create (and write down their ideas), PREP, and then brainstorm.  It is with this crucial process, we can 
virtually guarantee underrepresented people will be drawn in as fully contributing members of design 
teams.    

Individual Thought constitutes the first phase during each of the three stages of developing ideas.  At 
this phase, things are done in leisure to inspire creative thought.  Observations are made of what other 
people have created, the library/web is searched, and the best are taken from different ideas to evolve 
them into the best two or three ideas.  The information in Table 1 is updated and Milestone Reports are 
created for the top ideas, in such a way that any random person can understand the ideas without any 
unwritten explanation.  

Functional Requirements (Events/Actions)  
A list of independent functions that the design is to accomplish.  
 

Design Parameters (Solutions)  
Each FR can have several potential DPs. The “best one” ultimately must be selected.  
 

Analysis  
Each DP’s feasibility must be proven quantitatively.  
 

References  
 Anything that can help develop the idea, including personal contacts, articles, patents, www, etc.  

 
Risks  

High, Medium, Low (explain why) development risk assessment for each DP.  
 

Counter-measures  
Ideas or plans to mitigate each risk, including use of off-the-shelf known solutions.  
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Strategies  
 
Concepts  
 
Modules  
 

Overview/Order of what machine will do  
 

Architecture of design/machine  
 

Detailed designs of components that make up machine  
During the second phase in developing ideas, a peer-review process is employed, where (N) people 
circulate their Milestone Reports to the other (N-1) people for comments.  A written record is thus also 
made of who first had the idea, so personality conflicts are more easily avoided.  No talking is allowed 
and written constructive comments are made on each other’s papers, until everyone has evaluated 
everyone else’s ideas.  This method creates a collective mind, so everybody knows what everyone else 
has been thinking.  

Brainstorming is the third phase, which helps teams solve personal creativity deadlocks and helps to 
ensure nothing has been overlooked.  Initially, everyone voices their suggestions, and then ideas are 
distilled.  If there are unknowns or great risk items, rather than endless discussions, team members are 
sent off to gather data and run experiments.  Every decision must be made based on facts and reason, 
not emotion or status.  

Collectively, we call these three phases the Peer-Review Evaluation Process (PREP).  It maintains the 
creativity of individuals and the power of teams, and provides a written record for how ideas evolve.  

A team must evaluate design alternatives and various methods are well known. The simplest is a linear 
weighing scheme where the list of functional requirements is used as the evaluation parameter3.  A 
relative importance weight to each evaluation parameter is set, and one design is set as the baseline to 
which all others are compared by setting ones and zeros.  Once the “best” design is found, students look 
at other designs that have higher weights and see how those characteristics can be transferred to the 
“best” design to make it even better.  Evaluation of design alternatives is also compatible with QFD and 
other similar methods.  

Many designers think they already do fundamental design with peer-review.  They may complain about 
the time they spend in meetings, presumably doing peer-review of progress on a design.  PREP is not to 
be used to review progress; it is a development process that ensures that the best approach is pursued, 
and everyone is fully contributing and taking ownership from the beginning of the project.  It is not 
intended to add time to the design process; it is a step that is missing from the process to reduce time, 
by getting everyone fully involved, and to understand what team members are doing.  

  

3 Prof. Stuart Pugh [4] took the approach that these sorts of methods are powerful, but engineers may spend more time creating matrices and evaluating 

options than 
they

 do creating ideas.  Pugh’s approach was to call for a table, now referred to as a “Pugh Chart” that lists the different ideas in the top row, and the 
comparison attributes or functional requirements in the left column.  A baseline idea is selected, given it a score of "0" for each attribute.  All other ideas are then 
compared giving them scores from "++" for far superior, to "+" for superior to "0" for equal to the baseline, to "-" for worse to "--" for much worse than the baseline.  
The "best" idea is the idea with the highest score; however that does not mean that this is the idea to use as is.  Rather the goal is to then go back to the table and see which 
other ideas have higher individual ratings for some of the functional requirements, and then to see if their particular "++" attributes can somehow be used by the "best" idea; thus 
evolving the idea into a truly "best" idea.  A weighted design comparison chart uses the same basic ideas as a Pugh Chart, but it includes a weighting column for weighting the 
importance of the design attributes.  A compromise is to start with equal weights, and then if convergence is not reached, consider giving priority to some of the attributes.  
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Again, the prime purpose of the chart is to identify the most promising ideas, and then replace whatever deficient modules 
they

 have with better modules from other ideas.  
 
Observations  
In teaching the MIT special program SEED Academy’s introduction to mechanical engineering course to 
high school freshmen in the spring of 2005, students were given complete control over every decision 
relating to their project, except who their teammates would be.  In picking teams, students were 
randomly separated into seven groups of four students.  

After selecting the teams, students were given an individual thought assignment, later to be peer-
reviewed.  Unlike previous semesters, the majority of the students in the class were female.  It was soon 
realized that one of the teams had 5 members and another team had 3 members.  Upon inquiring who 
was on the wrong team, a student raised his had and asked if he could switch teams.  His request was 
denied and he was asked why he wanted to be moved.  He expressed that he had problems working 
with female students and he happened to be the only male on the team he was assigned.  The value for 
minorities of deterministic design with a peer-review evaluation process was explained to him and he 
was promised that as long as he and his team followed the process as explained to them, gender would 
not be a factor.  

A close eye was kept on the team throughout the process; they never expressed any problems between 
them, nor were any witnessed.  In fact, everyone on the team felt ownership of the design and stated 
their satisfaction with the team and their final product.  The program administrators also gave weekly 
updates stating that the students indicated they were very excited about their projects and working with 
their classmates.  Other instructors in the program, not using deterministic design with PREP, had horror 
stories about getting their students to work together effectively in teams.  

In 2005, every aspect of the MIT Second Summer design workshop used deterministic design with peer 
review.  The project was selected by instructors and TAs who used weighted selection to finalize on a 
topic from lists made individually and then peer reviewed.  The topic was assigned to the students, who 
were given a demonstration of how to design deterministically and how to use PREP.  Below are 
examples of projects completed by the students over the three week time span of the program.  

The Ponder Puzzle is an interactive learning tool, which teaches users facts about different topics, 
based on the particular puzzle being solved.  A puzzle of the world teaches facts about continents; a 
puzzle of a country teaches about states, provinces, cities, etc.; a puzzle of the human body teaches 
about bones, muscles, organs, etc.  Figure displays a PREP sheet of one student’s strategy that led to 
the team’s concept for the puzzle.  
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Figure 2: PREP of strategies for interactive puzzle.  A.Clare, R.Rudd, M.Daniels, O.Jiang, T.Wen 

After selecting a strategy for their design, the students each developed concepts and peer reviewed 
them to decide on the ultimate concept.  Solid models of the final design were completed along with 
manufacturing plans, breaking the concept into modules.  The students divided the responsibilities for 
manufacturing the modules and upon completion assembled the modules to construct the final design as 
seen in Figure .  The final design plays a brief audio message and lights up when each piece is inserted.  
After the entire puzzle is completed, a more detailed audio message is played and the entire board lights 
up and plays a congratulatory song.  
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Figure 3: Ponder Puzzle – informational puzzle.  Piece play audible message when placed in position.  

Puzzles are interchangeable, base is permanent.  R.Rudd, M.Daniels, O.Jiang, T.Wen, A.Clare 
 
Other learning tools developed include: a writing training device with a metallic plate under a stencil and 
a stylus that completes a circuit resulting in music being played as long as the stylus stays in contact 
with the metallic plate inside the stencil borders; an introduction to engineering kit that includes analysis 
and construction tools to be used to complete engineering challenges designated by selecting an 
objective card; and a monopoly-like game that focuses on car maintenance as opposed to real estate.  
 
In 2004, Prof. Slocum and Marc Graham individually brainstormed topics from which they selected 
moving stuff as the theme for the Second Summer design workshop.  They wanted to give the students 
plenty of design freedom, so they intentionally assigned a very broad topic.  The students used 
deterministic design with PREP throughout the development of their products.  
 
The Mo’ Couch (short for Modular Couch) is modular and easily repositioned furniture.  Single user 
seats are simply linked together to form the desired length couch.  When tilted back, wheels in the rear 
of the chair contact the ground making it easy to move.  There is also the additional feature of a 
newspaper/ magazine rack on the back of the Mo’ Couch chair.  

 

 
Figure 4: Mo’ Couch – modular and easily repositioned furniture.  B. Edwards, L. Hopeman, A. González, S. 

González, L. Fouché 
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Other designs developed for moving stuff include: a toddler tray with latches for locking down specially 
equipped bowls and cups, so they cannot be thrown from the tray; Flip-flops with a flexure design 
allowing them to be folded and placed into a case for clean transport in a handbag; an under-the-bed, in-
the-closet, or wall-hanging shoe tram that turns through a selection of shoes, allowing the user to rest in 
one position and pick the desired shoes once they are in the front position; and a laundry transport 
rolling cart, equipped with sections for separating laundry as necessary.  
 
Two patents4 have been issued for products developed using this process, and one is pending.  The 
next step is to bring this process to other schools for evaluation and possible adoption.  Introduction has 
been initiated by implementing the process in MIT hosted design programs.  One book of poetry and a 
music CD5 have been created through the application of a derivation of this process, demonstrating its 
versatility.  In addition, a large amount of technical projects have been completed using Deterministic 
Design and PREP as part of Prof. Slocum’s Precision Machine Design course (MIT course 2.75).  
 
Due to a lack of resources (shop space, machine tools and construction materials) it is often difficult to 
teach project based design in underprivileged communities.  Marc Graham developed the Creative 
Deterministic Composition writing process as a means of teaching the design process without the need 
for shop space, machine tools and construction materials.  The only resources necessary for creative 
deterministic composition are writing space, writing tools and words.  
 
Marc Graham’s personal experience and work with teens have alerted him that many underprivileged 
youth have a fondness for rap music as a form of creative expression.  For this reason, he selected rap 
music as his basis for teaching creative deterministic composition.  In the spring term of 2005, he taught 
a pilot course to MIT students in creative deterministic composition.  Throughout the semester, the 
students wrote raps using the creative deterministic composition writing process in teams.  
 
Midway through the semester, he suggested the students present their work at an event heavily 
populated by minority students and the non-minority students expressed discomfort and an 
unwillingness to present.  Since the event was not stated on the syllabus, he did not require them to 
attend, though he mentioned to them that the discomfort they felt was the same discomfort minorities 
feel when they must work as part of a “diverse” team.  It is difficult to assume an empowered or 
leadership position in an environment where one is regarded as an outcast.  The creative deterministic 
composition writing process and deterministic design with a peer-review evaluation process have been 
found to be very effective in addressing the discomfort felt by minorities on “diverse” teams.  
 
In addition to the three courses referenced above, Deterministic Design with PREP has been used in 
several other courses including the MIT sophomore mechanical engineering course Introduction to 
Design and Manufacturing (course 2.007).  Course descriptions for other courses where Deterministic 
Design with PREP was used can be found in the appendices.  
 

 

 

 

 

4 US Patent# 5,915,869: Ergonomic Cleaning Apparatus With Multiple Scrubbing Surfaces and US Patent# 6,641,453 B1: Construction Set For 
Building Structures.  

5 Journey of The Lost Souls, by Marc Graham  www.jotls.com 
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CONCLUSIONS 
  
We have found that having some engineering background prior to learning Deterministic Design with 
PREP facilitates its use in engineering design work.  Math and science training hones the brain’s skills to 
think rationally, which is needed to add to shear creativity in order to complete a design and bring it to 
market.  Students having only completed calculus and physics are able to use Deterministic Design with 
PREP, but not as effectively as students who have had calculus, physics and some engineering 
courses.  Students that have taken engineering courses and/or have some design experience, as well 
as students without experience in engineering problem solving can apply Deterministic Design with 
PREP after being briefed on its use.  PREP is useful for virtually any project involving teamwork.  Having 
some engineering, or design background facilitates Deterministic Design with PREP, because 
Deterministic Design with PREP requires individual work to be evaluated by team members; students 
that have been introduced to engineering problem solving and design processes have less trouble 
approaching design problems individually than students who have not.  
 
Students taking the MIT mechanical engineering Introduction to Design and Manufacturing course, 
2.007 and NASA RISE students are able to successfully apply Deterministic Design with PREP soon 
after being introduced to it.  With even more experienced problem solvers and experienced PREP users, 
we have witnessed PREP used even more effectively.  The design of the competition table for 2.007 
was completed by students who have taken 2.007 and a higher level student majoring in physics.  For 
approximately two weeks, the team of five collaborated on a table design without first completing 
independent thought, designing deterministically and then using PREP.  Without PREP, ideas were 
being evaluated and pursued as they were being presented, which lead to limited designs and much 
repeat process.  After several unsatisfactory table designs, Deterministic Design with PREP was 
applied, resulting in many more ideas, a progressive process and a satisfactory table design in 
approximately two weeks time.  
 
MITE2S students are able to apply Deterministic Design with PREP, but require guidance in 
Deterministic Design; their unguided approach leads to trail and error being used as opposed to 
Deterministic Design.  Trial and error causes PREP to be inapplicable, since designs cannot be 
evaluated before being completed.  In addition, trial and error leads to an abundance of wasted time and 
materials.  A way to compensate for inexperience in engineering problem solving is to provide 
rudimentary multiple choice options to make the students’ design process deterministic; before students 
decide on strategies, they are presented numerous undeveloped possible strategies; before students 
decide on concepts, they are presented numerous undeveloped approaches to accomplishing their 
strategies.  Students select from the options they have been presented and improve upon them, as 
opposed to starting on their own without a reference point.  
 
Second Summer Program (SSP) students, after only one semester at MIT, do an excellent job applying 
Deterministic Design with PREP and sticking to a rigorous design schedule.  They require very little 
guidance and receive only one lecture introducing them to the project and necessary steps to complete 
it.  Their projects however, tend to be technically simple and do not require much knowledge of machine 
design, unlike the MITE2S students who complete the same projects as 2.007 students.  In past years, 
Second Summer Program projects have included tasks such as toy designs, game and puzzle designs 
and playground equipment designs.  
 
For best results in Deterministic Design with PREP, students should thus have an understanding of the 
principles involved in solving their design problem.  Students should also respect the importance of 
maintaining a suitable design schedule.  When the process is employed as intended, it should result in 
an increase in design sophistication and a decrease in design time.  Hence Deterministic Design with 
PREP can be a simple enough process for any team to use, but it does require a modest level of 
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discipline associated with wanting to work with others.  Using PREP facilitates design work in teams; 
and we have found that reviewing the work of peers in development of designs helps PREP practitioners 
become better designers.  
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APPENDICES  

MIT Course 2.007 – Introduction to Design develops students' competence and self-confidence as 
design engineers. Emphasis on the creative design process bolstered by application of physical laws, 
and learning to complete projects on schedule and within budget. Synthesis, analysis, design robustness 
and manufacturability are emphasized. Subject relies on active learning via a major design-and-build 
project. Lecture topics include idea generation, estimation, concept selection, visual thinking and 
communication, kinematics of mechanisms, machine elements, design for manufacturing, basic 
electronics, and professional responsibilities and ethics. A required on-line evaluation is given at the 
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beginning and the end of the course so students can assess their design knowledge. 
(http://pergatory.mit.edu/2.007/ )  

      
 

 

 

 
Figure 5: MIT Mechanical Engineering course 2.007, Introduction to Design and Manufacturing. 

MITE2S – Minority Introduction to Engineering, Entrepreneurship and Science is a rigorous six-week 
summer residential program for rising high school seniors who are interested in studying and exploring 
careers in science, engineering and entrepreneurship. It was expanded to an all-inclusive program this 
summer, with a more diverse group of students. (http://web.mit.edu/mites/ )  
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Figure 6: MITE2S Program, Minority Introduction To Engineering Entrepreneurship and Science. 

MIT Course 2.993 – Pathways to Peace teaches creative design based on the scientific method through 
the design, engineering, and manufacture of a detailed inlaid tile.  This is an introductory lecture/studio 
course designed to teach students the basic principles of design and expose them to the design 
process.  Throughout the course, students are introduced to the terminology and concepts that underlie 
all forms of visual art; which-in many ways-forms the basis for the design of all physical objects. Along 
with learning mechanical skills, thinking both critically and visually, and working with different media, 
students consider how the arts grow out of and respond to particular cultural contexts and ideas; and 
how these thinking patterns can be applied to virtually all types of design. Presentations, lectures, 
demonstrations, discussions and various artistic works are used to show students how other artists and 

esigners have dealt with the same issues they face in lab. (d http://pergatory.mit.edu/2.993/ )  
 

   

Figure 7: MIT course 2.993, Pathways to Peace. 

NASA RISE – National Aeronautics and Space Administration Research In Science and 
Engineering is a program for talented college and university students focused on preparation for 
graduate school. RISE has always been all-inclusive but generally attracts mostly minority students.  
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Figure 8: NASA RISE, Research In Science and Engineering. 
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The National Agency for Higher Education 
 
The Swedish National Agency for Higher Education is a central agency, under the 
Ministry of Education, responsible for various matters relating to higher education. The 
main activities are supervision, analysis, information and quality assurance. Sweden 
has 39 institutions of higher education (HEIs), some 300,000 undergraduate and some 
18,000 postgraduate students. 
 
In Sweden, as in many other developed countries, the past decade has been marked 
by an expansion of the higher education sector, as an increasing part of the population 
enrol in higher education. Higher education in Sweden can be said to be moving 
towards a system of mass or majority education. Also, a number of university colleges 
have been established throughout the country, in addition to the universities.  
 
In 1993, Swedish higher education institutions were given considerably increased 
powers and responsibilities for a number of issues. With this university reform, 
government by rules was replaced by government by objectives. However, with 
decentralisation of responsibility and power comes greater accountability. The higher 
education sector has to show how goals are met. Not surprising, demands for 
accountability, follow-up and evaluation of higher education have grown. Several 
groups have begun demanding evidence of quality: politicians, tax payers and 
students burdened with study loans.  
 

A COMPREHENSIVE PROGRAMME OF QUALITY ASSURANCE 
 
In January 2001, a national programme for quality assurance was introduced, with the 
Agency evaluating subjects and programmes. All studies that lead to general or 
professional degrees were to be evaluated in a six year period, being the first of 
recurring cycles of evaluation. 
 
The evaluations have two main aims: control and development. They can also serve 
other purposes, e.g. to inform or to lend authority. The control component can be 
described as making certain that studies meet minimum requirements. There is no 
attempt to rank the subjects or programmes since the Agency believes that what we 
are evaluating is too complex for ranking to be meaningful. There is a connection 
between the evaluation and the right to award degrees. If serious quality flaws are 
noted by the Agency, the university or university college should be aware that the right 
to award a degree can be revoked if no action is taken within a year.  
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THE EVALUATION MODEL 
 
The so-called theory-oriented approach to evaluation has come in response to the lack 
of theory that was typical of earlier models of evaluation. In theory-oriented evaluation, 
the evaluator formulates a frame of reference for the object to be evaluated. The frame 
of reference serves two purposes: it expresses the assumptions made by the evaluator 
about the phenomenon to be investigated, and it serves as a screen for the 
interpretation of information gathered. Theory-oriented evaluation includes the 
components conditions, process and results. The evaluation must elucidate and 
critically analyse all three. By relating results to the preceding process and pre-existing 
conditions, the evaluator can help explain why things are the way they are.  
 

• The evaluation model follows the internationally accepted pattern of self-
evaluation, peer review by an external panel making a site visit, and a report. 
However, there are certain characteristics of the Swedish evaluation 
programme: the importance of follow-up of evaluation is stressed, and students 
are not only given the role of informant, but also of expert. 

 
• The self-evaluation provides a background to the subject or programme to be 

evaluated. It includes a number of topics to be covered. Some of these are 
teacher competence, educational goals, contents and organisation of 
instruction and examination, as well as quality and availability of library and 
other sources of information.  

 
• The external panel consists of experts from the field being evaluated, students, 

and possibly representatives of industry or other employers. All members of the 
panels are nominated by the institutions being evaluated but the ultimate 
choice of panel members is made by the Agency. 

 
• The panel visits the institution offering the subject or programme being 

evaluated, normally for a day. During the visit, all groups concerned with the 
subject or programme are interviewed. Based on the information from the self-
evaluations and interviews, the panel writes its report, describing strengths and 
weaknesses, and making its recommendations. 

 
• A few months after the report is published, representatives of the evaluated 

subject or programme are convened to discuss the contents of the report as 
well as the evaluation process. In addition, the results of the evaluation are 
followed up 1 – 3 years later.  
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EVALUATION OF ENGINEERING EDUCATION 
 
In Sweden, engineering education mainly takes the form of integrated programmes leading 
to professional degrees. There are two such degrees: the “civilingenjör” degree, roughly 
corresponding to a Master of Science or Diplom-Ingenieur degree, is achieved after 4,5 
years of study; and the “högskoleingenjör” degree, a university diploma in engineering, is 
reached after 3 years. The latter is academically less demanding. 
 
As part of the programme of evaluations, all Swedish “civilingenjör” engineering degree 
programmes are evaluated in 2005.  
 
These programmes are offered at 11 universities or university colleges. They differ 
considerably in size: the number of programmes offered varies between 2 and 16. In total, 
approximately 100 programmes are offered. These cover all areas of science and 
engineering: information technology, engineering physics, chemistry and biotechnology, 
mechanical engineering as well as surveying. 

Strong stakeholder influence 
The evaluation of “civilingenjör” engineering education is marked by a greater than usual 
involvement of stakeholders. The HEIs to be evaluated formed a joint group well ahead of 
the start of the evaluation and this group has had ongoing discussions with the Agency. We 
have also had two meetings with stakeholders to have their input, once before starting the 
evaluation, and once after the first two meetings of the external panel. These meetings have 
served to define the focal points and to discuss differences of opinion. As part of the 
Agency´s general policy to have a student perspective, we have met with groups of students 
on several occasions to hear their wishes and to discuss their involvement in the evaluation 
process. Also, of the eight people in the panel, two are students. Furthermore, a stakeholder 
perspective has been assured by having two representatives of industry on the panel, of 
whom one is the chairman. 

Benchmarking 
Although this evaluation follows the general format of the Agency´s evaluations, there have 
been a number of modifications. There are several reasons: one is that the “civilingenjör” 
programmes have been quite extensively evaluated before, at their own initiative. Also, there 
is no reason to believe that the programmes do not meet (at least) minimum requirements. It 
was therefore decided that this evaluation would have more of a benchmarking character. 
The attempt is to compare the programmes and find examples of good practise. In order to 
do this, the evaluation procedure needed to be more standardised, using a more detailed 
and concrete self-evaluation manual. The manual was therefore changed to comprise 21 
questions to be answered by the HEI centrally, and an additional 46 questions to be 
answered by each programme.  

Inclusion of a CDIO Component 
In addition to the “regular” self-evaluation manual, a separate programme evaluation form 
was added. This form was based on the CDIO model for engineering education development 
and consisted of descriptions of 12 standards, evidence of compliance, rating and actions. 
The reasons for including this additional evaluation include providing the HEIs with an 
instrument for continuous self-improvement. This part of the evaluation will be presented 
more in detail by prof. Johan Malmqvist.  
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Conference Theme 5: Faculty Development. 
 
This paper has a primary focus on Standards 9 and 10, but may have fleeting relevance to other 
standards as well 

1. INTRODUCTION 
 

The University of Pretoria is a new member to CDIO but not new to engineering 
education. The drive to align our activities to reasonably correspond to international 
engineering education methods, is not an isolated incident, but part of a continuous 
cycle of didactic evolution. The CDIO initiative does however present an opportunity and 
impetus to this quest. The people factor in faculty members may at times leave some of 
them unconvinced and even unequipped to deal with the challenges modern engineering 
education presents. Changes are required from the methods lecturers themselves 
experienced as students and while most staff would readily acknowledge the fact that 
they are primarily engineering specialists and not didactic experts, the nature of the task 
at hand call for mastery of both disciplines.  

 
This paper reports on an initiative at the University of Pretoria to identify faculty needs in 
this regard. It also reflects the necessary interventions to support faculty in not only 
changing their own approaches where necessary, but in taking the lead to ensure that 
our learners’ abilities reflect the necessary competence. 

 
There are no quick fixes in education. The intention of sharing our experiences here are 
not to imply universal applicability. This is not an attempt to define simplistic solutions 
either.  This paper aims to: 

• highlight contributing factors; 
• identify methods by which needs and attitudes can be understood; and 
• elude to some concepts to be aware of when approaching CDIO adoption. 
 

While this paper focuses on experiences at the University of Pretoria, It may be of help 
to other new institutions to prepare and support staff during the CDIO adoption phase. 
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2. FACTORS INFLUENCING CHANGE 
 
"Μμνεσο, τι κα∋ τ∋ μετατ∋τεσται κα∋ ∋πεσται τ∋ διορτο∋ντι∋μο∋ο∋ ∋λ
ε∋τερ∋ν ∋στιν." 
 

   (To change your mind and to follow him who sets you right is  

     to be nonetheless the free agent that you were before) 

Marcus Aurelius 
 

Change is a constant factor in the lives of academics. Changes do not only involve 
people but the process of change also affects the way information is perceived and 
reacted upon. The mind needs to evaluate and encode new information in order to 
determine potential impact. Within new circumstances individuals may find themselves in 
a position where it is necessary to realign with the new reality. New insights and 
understanding are generated and often produce new questions. Individuals are enriched 
by these changing cycles producing, for example, psychological growth. 
 
Change should therefore not be viewed as merely peripheral and circumstantial 
alterations, but as a valuable tool to foster growth. Changes and the resulting intellectual 
drift are vital in terms of growth, but often uncontrolled and involuntary.  Intellectual drift 
is not a destination, but a constant or at least recurring cycle of definition, which leaves 
room within itself for some inevitable self-contradiction, redefinition and growth. 

2.1 Receptivity 
Receptivity is a term used to indicate the degree to which individuals would be willing to 
participate in a change process out of free will. It is vital to realise lecturing that staff are 
under tremendous pressure to perform on multiple areas. This debate is explained 
eloquently in the aptly named article by Richard Felder (1994) “The Myth of the 
Superhuman Professor”  
 
Lecturers often do not obtain formal qualifications in teaching. As a result, many of them 
revert to teaching in a way that they have been taught. Not always text book stuff. Now, 
in a culture changing towards transparency and access, many feel insecure to expose 
their practice to the scrutiny of fellow lecturers and administrative colleagues. Change 
management strategies should allow for differences in personality types and their 
reactions to change. 
 
Another dimension to receptivity is the locus of apparent need. Should change agents 
offer interventions on issues that faculty perceive as valuable in order to address an 
immediate need, individuals would be more likely to participate.  

2.2 Change Adoption  
Receptivity is also influenced  by the effect of change on individuals and their ability to 
deal with change in a manner that is constructive. 
The main stages of Brock & Salerno’s 1993 change cycle are repeated in table 1. 
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Stage Feelings of: Thoughts are: Behaviour is: 

Loss Fear Cautious Paralysed 

Doubt Resentment Sceptical Resistant 

Discomfort Anxiety Confused Unproductive 

Discovery Anticipation Creative Energised 

Understanding Confidence Pragmatic Productive 

Integration Satisfaction Focused Generous 

Table 1: The Impact of change (adapted from Brock & Salerno, 1993). 

As seen in table 1, people who should find themselves in the early stages of the change 
cycle, experience feelings that will prohibit them from utilising the opportunities to work 
through those changes. The feelings of people who are experiencing the first three 
stages of change namely loss, doubt or discomfort, are not the type of feelings that 
foster thoughts conducive to the types of actions that will bring people to volunteer for 
developmental activities. Instead, Brock & Salerno (1993) suggest these thought 
patterns to be cautious, sceptical and confused. 
 
In fact, as table 1 also indicates, the natural actions of these people are paralysed, 
resistant and unproductive; Not the type of person likely to experiment with CDIO 
initiatives.  
 
By implication people that have progressed through to the stages of discovery, 
understanding and integration, may show energised, productive and generous behaviour 
that can be interpreted as indicators comparable to those of the attitudinal domain of 
receptivity.  
 
Receptive attitudes are fertile ground and add value to co-operative learning 
environments which are common to CDIO. This correlates with the high value 
respondents give to networks and peer support. The collaborative nature of CDIO 
participation should be fostered! 
 
Change, availability and opportunity per se can not be seen as determinants of whether 
people will utilise opportunities for CDIO or not. The key factor is the reaction to the 
change and the resulting attitudinal position within the change cycle.  
 
Unless staff are made aware of this impact of change on their attitudes, their natural 
reactions to change therefore would indicate an inverse proportionality between the 
likelihood of volunteering participation and their exposure to change. 
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Figure 2: Inverse relation between change exposure and voluntary participation 
 

2.3 How People React to Change 
Different people have different capacities for dealing with change, but because people 
are most productive when they enjoy the activity they are busy with, it is beneficial to 
equip people to deal with change in a way that will still enable them to enjoy their task. 
The point where enjoyment is experienced is a dynamic one, and is dependent both on 
the skills level of the individual and on the challenge level of the activity at hand 
(Csikszentmihalyi, 1990). By implication change may leave staff members with a 
situation where the challenge is greater than the ability to deal with change. As a result, 
many may be left with feelings of anxiety and loss of control, which in turn leads to 
greater demotivation (Malone, 1981). 
 
Change is at the heart of staff development. The increased tempo of change seems to 
call for an increase in developmental activity and lifelong learning. 

3. CDIO RECEPTION 
 
A number of staff members from the University of Pretoria attended the CDIO workshop 
in Pretoria during February 2005. Their reactions on CDIO is captured here together with 
their opinions as to the impact on their practice, some suggestions and ideas for future 
roll out and their requests in terms of assistance needed in order to fully incorporate 
CDIO into their practice. 
 
3.1 First Impressions 
Most people were soon to comment that it was nothing new. However when followed up 
with a question regarding examples of existing practice, the answers often tended to 
become more vague and comments like “Well, not exactly like that, but we do a number 
of projects, practicals and group work exercises”. One individual said that it only 
enforced what he knew (from theory) should happen, but what could not realize as a 
result of practical constraints. 
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While there may be some doubt as to exactly how close the correlation between CDIO 
standards and existing practice may be, it is a very welcome phenomenon that nobody 
disagreed with the desirability of such endeavours.  
 
For the sake of objectivity it should be repeated that only those whom attended the 
CDIO workshop were interviewed during this cycle, so should there be any individuals in 
outright opposition to the practice, they may very well not have been at the workshop 
and hence did not form part of this focus group. 
 
The structure given to the quest towards ensuring qualified engineers with a more 
complete competence profile received regular mention. The resulting opportunity for 
subject specific didactic networking also received favourable mention. 

3.2 Impact on Existing Practice 
Other than reflection on existing practice and some good intentions, no hard evidence of 
changes in practice could be found. While it is unfortunate not to have generated enough 
momentum to translate into immediate activity, there were some individuals who claimed 
that the attendance of the workshop gave them the self-confidence to apply more boldly 
some active and experiential learning methods which they have been experimenting 
with. 

3.3 Suggestions 
There were a number of suggestions which could alternatively have been interpreted as 
excuses, but which may hold potential in terms of their impact as enablers of CDIO 
practice. They are listed below in no particular sequence. 
 

• The natural flow and development of some mathematical models, leans itself 
more towards lots of in-class writing. Some lecturers feel that the discovery 
nature of answers could be lost in presentations where the visuals are pre-
prepared slides/notes. More access to computers where models could be tested 
would be an improvement in this regard as the time lapse between the discovery 
of new possibilities and the opportunity for mathematical modelling and testing 
could enhance just in time learning and aid motivation of learners. 

• More realistic and even real life examples should be used. The opportunity to 
share experiences with fellow lecturers in the same subject discipline is 
welcomed and while nobody as yet claims to have used the CDIO website as a 
vehicle for such collaboration, the potential of such activity has often been 
mentioned. 

• Some lecturers feel that they are more than willing to use the CDIO standards as 
guidelines, but that they do not want an additional label attached to their 
modules. They prefer to use the CDIO information and approaches, but for now 
do not feel a need for ‘baggage’ which may distract student focus from their 
envisaged outcomes onto process issues. 

• A more pronounced invitation for networking between staff members who 
facilitate the mastery of similar competencies was suggested. There may be a 
need for initial facilitated contact as people prefer to lurk rather than to take the 
risk of ‘public’ exposure. To get things rolling, a lecturer in the mechanical 
engineering faculty invites staff with an interest in Operational Research to 
contact him. I would be more than willing to act as initial contact for such 
interaction. 
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3.4 Current Hurdles  
Similarly to the suggestions made above, some lecturers also identified a number of 
hurdles which they feel can/should not be addressed by lecturing staff alone. The 
hurdles identified here are items seen by staff as factors which works against the CDIO 
goals. While it is acknowledged that these hurdles may not always be as insurmountable 
as they are perceived by some and may not even be present at all institutions, the 
feeling is that their mentioning may hold true for a number of institutions as examples of 
reaction from staff. 
 

• University administration requires formal qualifications which are linked to 
remuneration and seniority of appointment which sometimes keeps salted 
engineers in a position where they can not afford to join the university staff. At the 
same time junior people with formal qualifications are employed and in the 
process practical expertise becomes second and even third generation realities.  

• Staff are often not utilised in exactly the field of their industry experience. One 
member of staff admitted that while he has extensive practical expertise in one 
area, his current lecturing is in a parallel yet different field. As a result he is 
hesitant to embark on practical work with students in this ‘new’ field, where he 
has no practical experience. 

• Some modules are offered to all pre graduate students by a number of lecturers 
in different languages and time slots. The need for co-ordination and a history of 
difficulty with this module, makes some of these members of staff very hesitant to 
experiment.  

• Time! To redesign the didactic approach to a course or module calls for 
increased time commitment from the lecturer. As a result of, amongst others, a 
recent subsidy cut by government, the workload on members of staff does not 
encourage huge time investments in redesign. Some members of staff are open 
about this reluctance while others deny or only grudgingly admit the premium on 
their own time as a factor in CDIO uptake. 

• The engineering curriculum is heavily laden credit wise. As a result the amount of 
time available to students to spend on a particular component of study is by no 
means unlimited. Lecturers report that current contact hours are at times as 
much as 1:1 in terms of additional hours which could realistically be expected 
from students’ own work. This limitation is often recognised for the sake of 
collegial relationships and not only as a reaction to student reaction. 

• Undeniably linked to the previous point is the prevailing study culture amongst 
students. Some lecturers report a discrepancy between the workload claimed by 
students and the reality of time spent by their own children who happen to be 
engineering students. There may be unrealistic perceptions in the minds of 
students with regards to the amount of leisure time realistically available to 
engineering students. 

• An issue that deals with culture is student perception regarding percentages. 
Over time students became used to a measure that were either indicated by 
official pass percentages or personal goals such as student that work to reach 
75%. Few students are driven by a desire to achieve competence for the sake of 
competence and students are often more than happy to “write a subject off” with 
an acceptable grade while they still do not fully appreciate the value of a 
selection of work or the logic behind a particular approach. For many students it 
is enough to know  “how” even while not knowing “why”. A related result of this 
percentage driven culture is that students often stop short of real competence. 
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They make  “mathematically based “ decisions and neglect sections of work 
because of its relative value to achieve a particular grade. For example; a student 
would skip a practical in one subject in order to study for a written test in another 
module. When asked for motivation, students would claim that the test counts 
towards their grade, but since the practical does not, the practical does not 
warrant the time investment.    

 
4.SUPPORT IMPLICATIONS  
  
Different approaches to managing change exist. These should not be seen as 
contradictory or exclusive. They should rather be viewed as complementary, since 
people differ in their reactions to change.  
 
From this investigation it would seem that there are a number of areas where initiatives 
to bring about change would be valuable in terms of CDIO goals. 
 

• Staff members are willing to change but need access to support and resources. A 
culture of CDIO communities of practice needs to be actively encouraged.  

• Staff members are mostly open about their initiatives and experiences, but are 
not likely to volunteer themselves as ‘case studies’.  By creating platforms for 
staff members to share their experience, they do not only get into contact with 
colleagues in similar situations, they also foster a culture of CDIO 
experimentation and action learning. Such platforms exist, but some pressure or 
accommodation from line managers could do well towards breaking inertia. 

• Since many people claim that they do similar work, it may prove worthwhile to 
contact authors of engineering education papers dealing with work which seem to 
reflect CDIO standards, to ensure that these people are aware of CDIO as 
international ‘holding company’ of reality based engineering education. By doing 
so people may experience recognition for work well done and we may broaden 
our existing cadre of experienced practitioners.  

• The CDIO website as a repository of examples, individuals and like minded 
institutions could do well to act as base for a CDIO community of practice. A list 
serve (with subject subdivisions?) for all staff members interested in CDIO should 
be investigated as junior staff members report that they do not feel free to ask or 
contribute via existing structures as this is seen to be reserved for CDIO or 
institution interests and not for individual staff members and their lecturing 
activities.   

• A number of issues reside within the realm of University administration and 
individual staff members do not feel sufficiently passionate about CDIO practice 
to attempt to change faculty wide systems. Should universally important issues 
be identified (like possibly the identification of critical competence outcomes 
where mastery in sub areas are expected and not merely an average passing 
grade), CDIO endorsed recommendations to deans of participating institutions, 
could help to give prominence to the rectification of issues which may have 
become enshrined.  
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5.CONCLUSION 

Good educational practice do not come by chance. It requires dedicated planning and 
diligence as well as a substantial time investment. Staff at our engineering faculties 
seem to be positively inclined towards CDIO practices, but the competition for the time of 
these lecturers are such that planned and dedicated support of such practice is needed 
to ensure uptake and growth. CDIO has done well in giving prominence to quality 
responsible engineering education. Now we need to capitalise on the existing and 
budding goodwill by not only supporting institutions at large, but also by supporting 
individuals. The nature of this support could take many forms, but individual staff 
members at institutions new to CDIO may welcome a strong hand in the back  in order to 
face the challenges of change. 
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ABSTRACT 
 
The department of Mechanical and Materials Engineering (MME) at Queen’s University 
adapts the curriculum like any other similar department on an ongoing basis with input 
from students, faculty, alumni/ ae and other sources. Joining the CDIO initiative and 
working with colleagues from around the world has been very helpful to set priorities for 
curriculum changes. A slightly modified version of the Queen’s University Belfast CDIO 
survey was used to get feedback from alumni/ ae. Some of the suggested changes have 
already been implemented, and work will continue on other ones. One of the challenges 
will be to repeat the survey in the future, to see if the changes made a difference.  
 
 
INTRODUCTION 
 
The expectations industry and other employers have of our graduates are changing with 
time, partially due to changes in society, but also how industry adapts to new 
developments in technology. In particular, communication, teamwork and the enormous 
advances in information technology have changed what is expected from graduates, 
apart from the fact that solid knowledge in the technical core subjects is still required. 
 
There are several ways to get feedback about what needs to be changed in a 
curriculum. One important method for Queen’s MME is the Advisory Council (AC). This 
is a group of 3-5 former students who have been working in industry for several years. 
They visit the department once per year, talk with students, staff and faculty, and write a 
report about the issues that need to be addressed, and how well previous 
recommendations have been taken care of. The AC visits used to be a mandatory 
process in the faculty of Applied Science at Queen’s, however, even after it was no 
longer required anymore, the MME department decided to continue these annual 
assessments. There is also an anonymous University Survey of Student Assessment 
and Teaching (USAT) that provides feedback to individual instructors, and a summary 
with the ratings to the department head. 
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Engineering education meetings and journals, as well as talking to colleagues at 
conferences, is another source for input about possible improvements in the program. 
The MME department felt that the CDIO initiative would be a tool well suited to review 
the curriculum in a more organized way. The work previously done by the other 
collaborators of CDIO on curriculum, teaching and learning, assessment and workspace 
was convincing enough for the faculty in the department of mechanical and materials 
engineering to unanimously join the initiative in December 2003. 
 
In the summer of 2004, a survey about the engineering curriculum was conducted with 
alumni/ ae from 2004 graduates and going back as far as 1970. The goals of the survey 
were to ensure that students are taught what is required today from graduating 
engineers by industry. The results from the survey were already used for the preparation 
of the documents required by the Canadian Engineering Accreditation Board (CEAB) for 
a 6 year extension of the MME program. The results of the survey will also be a 
benchmark for future surveys, and for benchmarking with other programs in Canada and 
abroad. The survey was based on the CDIO version looking at “personal and 
professional skills and attributes” and “operating systems in the enterprise and societal 
context”, or the so called soft skills. Question 3.3 about communications in a foreign 
language was omitted as there is no such requirement from the CEAB. The survey also 
included questions about mathematics, engineering sciences and additional core 
subjects, similar to the survey done at Queen’s University of Belfast earlier. The survey 
was tested and modified with the help of a small number of faculty, graduate and 
undergraduate students, before it was mailed to the alumni/ ae. Based on this initial 
feedback, it was concluded that there should be only one simple way of how the 
questions can be answered as illustrated below: 
 
 Circle one of the level of importance that you believe a newly BSc graduate engineer should have

   1.  Considerably less important than the others
 
 
    Please answer topics                  2.  Less important than the others 

 
    on the basis of your                    3.  Of average importance 

     own personal experience           4.  More important than the others 

 
 
                                                         5.  Considerably more important than the others 
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RESULTS OF THE SURVEY 
 
Of the over 3,000 surveys that were sent out, more than 400 responses, or almost 15% 
percent, were returned and analyzed. Of the ones returned 10.6% were female and 
89.4% were male. 37.2% graduated after 1994 and 62.8% were graduates from 1970 to 
1993. 38% were still mainly doing an engineering job, 43% had moved to a mainly 
management activity, 2% had already retired and the remaining 17% were in other 
positions, such as finance, sales and teaching. 
 
The results of the section “personal and professional skills and attributes” of the CDIO 
survey is shown for the more recent graduates and those who graduated before 1994 in 
figure 1. The results “operating systems in the enterprise and societal context” are 
shown in figure 2. The data was also analyzed for male/female differences but no 
significant differences were found. 
 
In addition to the so-called “soft skills” from the CDIO survey, aspects of the core 
curriculum that were part of the survey were also analyzed. The answers in the areas of 
thermodynamics, fluid mechanics, engineering dynamics and kinematics indicate that 
teaching the principles and how to apply them is clearly more important than deriving the 
principles. The results about the knowledge in the different areas of mathematics are 
shown in figure 3. 
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Figure 1: Personal and Professional Skills and Attributes (+/- 1 S.D.). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Operating Systems in the Enterprise and Societal Context (+/- 1 S.D.). 
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1.1 Algebra

1.2 Geometry

1.3 Trigonometry

1.4 Calculus

1.5 Matrices

1.6 Vector Calculus

1.7 Complex Numbers

1.8 Transform

1.9 Probability and Statistics

1.10 Numerical Analysis
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Figure 3: The Importance of the Different Subjects in Mathematics (+/- 1S.D.). 
 
 
Additional feedback was generated about the importance of other courses taught in the 
MME program. Project management was the one with the highest rating of 4.1, and the 
lowest was 2.8 for marketing methods and practices, with the other 17 subjects in-
between. 
 
There was space provided for additional comments and about a third of the over 400 
respondents added comments. These comments were grouped into the four following 
categories: 
 

• More practical applications – real world issues 38% 
• Excellent communication skills   21% 
• More group projects – teamwork   27% 
• Other       14% 
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DISCUSSION 
 
Almost 15% of the surveys mailed were returned, providing an excellent basis for 
reviewing the curriculum with over 400 “opinions” of our own graduates between 1970 
and 2004. The simplified answers that were adopted in the survey largely eliminated 
problems answering the questions. 
 
All the personal and professional attributes and interpersonal skills (Figure 1, 2.1 – 2.5, 
and 3.1 – 3.2) seem to be important with a rating of 3.5-4.5 out of 5. The lowest was 
experimentation and knowledge discovery (2.2). The attributes in operating system in 
the enterprise and societal context (Figure 2, 4.1 – 4.6) are between 3.3 and 3.8, with 
the lowest being external and societal context (4.1). It is interesting to see in figure 3, 
that probability and statistics was rated high with a score of four by alumni/ ae, while 
transforms and complex numbers were not rated highly with scores around 2.3.  
 
The MME core program was also benchmarked with the CDIO syllabus as outlined by 
Bankel et al. (2005). There is no fixed set of technical electives for the areas of 
specialization in manufacturing and design, biomechanical, mechatronics, aerospace 
engineering, and thermo and fluids in the MME program at Queen’s. Only the materials 
option has a defined set of courses for specialization, limiting the number of technical 
electives a student can choose. The scale used at Queen’s is not exactly the same as 
the one used by the Swedish universities Chalmers, KTH and Linkoeping or the MIT in 
the US, making a detailed comparison difficult. The largest deficit in the core program 
was found to be in Enterprise and Business Context (4.2), Implementing (4.5) and 
Operating (4.6). 
 
The results of the survey have led to a few changes in the curriculum of the MME 
department. In particular the oral and written communication course has been changed 
to have about half of the material linked to communication requirements in other 
courses. Furthermore, communication will be taught in first, second and third year of the 
four year program, so that it will be an on-going process. The initial feedback by students 
and faculty is very positive. A second major change resulted in increased efforts to have 
industry-sponsored projects in our fourth year capstone course, and also as much as 
possible in other design-related undergraduate courses. 
 
CONCLUSIONS 
 
The CDIO based survey is a very useful tools when reviewing the curriculum. It provides 
hard data from over 400 engineers who graduated from the MME program at Queen’s 
University. It helps to focus the discussion on the issues that matter, rather than getting 
lost in less important details. It also neutralizes strong opinions by individual faculty 
members. The mechanical and materials engineering program has already adopted an 
overhaul of when and how oral and written communication teaching will be provided. 
Furthermore, it has helped to strengthen the conceive and deign 4th year design 
capstone course (CD), and the 4th year implement and operate (IO) course. 
Additional changes in the curriculum will be necessary to further decrease the gap 
between what industry needs and what is being taught. An additional challenge will be to 
convince more faculty members to introduce aspects of the CDIO syllabus in their 
courses. Benchmarking entering and exiting students, as well as follow-up alumni/ ae 
surveys will indicate if the curriculum changes provide a program closer to what is 
required by industry and other employers. 
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ABSTRACT 
 
In this paper comparative data from four cohorts of engineering students´ expectations and 
experiences during their first study year are presented and discussed. Four main issues are 
highlighted: 

• The entering students´ previous study experiences, expectations and aims for the 
future. 

• The students´ experiences of their first year in the study program. 
• Commonalities and differences between the cohorts.  

 
The study is one part of an ongoing longitudinal study. The data from the first cohorts, 1998 
and 1999, are base-line data against which data from the latter cohorts, 2000 and 2002, are 
compared. Comparisons are made in relation to the planning and implementation of a CDIO 
curriculum from 1999 and on.  
 
The results show a changing approach to studying between the first and the latter cohorts, 
from an achievement and future oriented approach to a gratifying and here- and-now 
oriented approach. This is enacted in the relation between their earlier study experiences, 
what they expected to learn, their aims for the future and the teachers approaches to 
teaching (Entwistle, 2003).  The conclusion from this study of the first year in a longitudinal 
study of the students passage through the whole study program and with a follow up one 
year after graduation, is that  well intended and well planned changes in a study program can 
give unintended results, as a consequence of this relationship. In future presentations we will 
see if the commonalities and differences between the cohorts during the first year will 
remain. 
 
NOMENCLATURE 
 
A cohort is one batch of students. 
Drop-outs are students who quits a study program.  
Stop-outs are students who take a shorter or longer study leave with a plan to return. 
Working hours are the actual time the student spend studying, in lectures, class, 
group/project work and individual studying. 
Work load is a subjective assessment of how much work/study related issues affects a 
persons whole life situation.   
Free rider effect: a group motivation loss arising from the perception that ones´ efforts are 
dispensable for group performance  
Sucker effect: a group motivation loss arising from the perception that other capable group 
members are free riding on ones´ own efforts, resulting from attempts to achieve a fairer, 
more equitable ratio of individual effort to payoff. 
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INTRODUCTION 
 
The first year in a study program is crucial for the students´ approaches to studying and 
learning as well as for the socialisation into a future professional life ( Entwistle, 2003; 
Weidman et.al., 2001) Several studies show that approaches to studying and learning is 
constructed in an interplay between individual students´ and the institutions´ aims and 
expectations (Biggs, 1999; Entwistle et.al., 2002; Hounshell & McCune, 2002: Marton & 
Säljö, 1997). 
 
Student learning is based on the relation between their earlier study experiences, what they 
expect to learn, their aims for the future and the teachers approaches to teaching (Entwistle, 
2003).  This relation is domain specific, i.e. the relations are constructed within a specific 
context. The results from studies of the first year in study programs with large study groups 
show that the organising and management of classes and programs are of vital importance 
for the students perceptions of  the relevance and quality of a course (Entwistle, ibid.). Other 
studies show a correlation between students´ adjustment to their study environment and their 
motivation and achievement (Drew, 2001; Halamandaris & Power, 1996; Struthers et.al, 
2000). 
 
In 1998 the study board of the Y-program (Applied Physics and Electrical Engineering) 
initiated a study with the aim of inquire into the students self reported experiences during the 
first year. The program was marketed as “the toughest” Graduate Engineering program in 
Sweden and the attrition rate was high but so was the drop out rate. The study was initiated 
in order to give the study board some idea of what the problem was. Both students and 
lecturers were dissatisfied and the drop out rate was one indicator of this dissatisfaction. 
 
The results of the study were considered to be of interest and value for further development 
of the curriculum, as well as for the improvement of the program. The time span of the 
project was expanded to include the whole study program of  4 ½ years with a follow up one 
year after graduation. In 1999 plans were made to transform the study program from an elite 
program to a project- based learning environment, where engineering skills would be in 
focus. These changes were in line with the goal of an international development project, 
CDIO ( Conceive, Design, Implement, Operate) that the study program was enrolled in from 
1999. In order to monitor the implementation of planned changes it was decided that the 
study would encompass four cohorts, those who started in 1998; 1999; 2000 and 2002.  In 
2000 Linkoping University and the Y- program were involved in the CDIO project in 
collaboration with KTH and  Chalmers in Sweden in cooperation with MIT in Boston. Data 
from the first cohorts ( 1998 and 1999) were defined as base line data in the study against 
which the results from the latter cohorts (2000 and 2002) could be compared to, with respect 
to the rolling assessments of the implementation of a CDIO curriculum.  
 
Three main issues guided the design of the study:  

a) The students experiences from college and their expectations when they start the Y-
program 

b) The students  experiences of the curriculum and study environment in different 
phases of the program 

c) The students evaluations of how the program have prepared them for their 
professional lives as graduate students. 

 
In this paper I will present comparative data from the first year of the four cohorts. Four main 
issues will be highlighted: 

• The entering students´ previous study experiences, expectations and aims for the 
future. 

• The students´ experiences of their first year in the study program. 
• Commonalities and differences between the cohorts.  
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• Conclusions.  
 
THE CONTEXT – A GRADUATE ENGINEERING PROGRAM IN SWEDEN 
 
In Sweden about 48% of an age group are entering into Higher Education before the age of 
25 ( Annual report of the Council for Higher Education, 2004). There is a diversity in the 
social background of the entering students, 70% come  from upper- and middle class 
backgrounds compared to 23% from working class. This uneven recruitment is most evident 
in long, high status programmes like Graduate Engineering, Medicine, Psychology and Law, 
as well as in Music and Arts.  There are some structural features in the Swedish Higher 
Education system that differentiates the Swedish model from some other European 
countries´.  
 
In Sweden there is a long tradition of Adult Education and Lifelong learning. Students can get 
complementary or supplementary grades after Upper Secondary School, with state grants 
and student loans. As a consequence of that the age span can be quite big in some classes 
at the University. There are no student fees in Higher Education and all students are qualified 
to student grants and student loans for twelve semesters. In Sweden most students leave 
home and start a life of their own, maybe for the first time, when they go to University.  
 
The Y-program is a 4½ year graduate study program. It is considered to be one of the 
toughest and most demanding graduate programs in Engineering. The students have a 
reputation of being ambitious and clever, but also a bit square and dull,  (Edvardsson Stiwne 
et.al 2002). The program is managed by a study board within the Deans office. The board 
has an elected chair and the members are  

• Teachers from the departments running the specific classes 
• Students from different cohorts  
• Administrators from the Deans office. 

 
A study program does not belong to a department but ”buys” courses from different 
departments.  Every August about 180 students are admitted. They are enrolled to 5-7 
classes with about 30 students. Female students are in minority and they are allocated to 
some of the classes, which means that there always are some all-.male classes. Senior 
students are appointed as form masters/mistresses, teacher assistants, mentors etc. for first 
year students. 
 
The curriculum the first year consists of a foundation course in mathematics, linear algebra 
and perspectives on mathematics and physics. From 2002 there is an engineering project (a 
CDIO-class) the first semester. The work is organised in lectures (the whole cohort); classes 
(lessons with one class); laboratory lessons (the students work in pairs or small groups) and 
projects (small groups). Lectures are given by professors, who also tutor and supervise 
projects. Teaching assistants are supervising in classes and laboratory lessons. Course 
evaluations are made on the internet and the results are communicated to the chair of the 
study board, where the evaluations are followed up and attended to. Each course is 
evaluated according to a scoring system. An examiner can get an honourable mention or a 
request to make some improvements.  
 
In 1999 the CDIO-project was initiated. This was rendered possible with a financial support 
by the Knut and Alice Wallenberg foundation. The main purpose of the project was to make 
graduate engineering education more applicable and to give more attention to the students´ 
employability. In order to meet the critique from the 1998 cohort of a tough start in 
mathematics, a foundation course in mathematics was launched this study year.  
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In 2000 a new class was launched, Yi ( Y international). The students were offered classes in 
a foreign language and to spend one semester in a foreign country. These students were not 
supposed to participate in the CDIO project course during the first semester. The 
implementation of the CDIO curriculum started in 2000, with structured interviews with all 
teachers involved in the Y-program in 2000/2001. The purpose of the interviews was to make 
the teachers familiar with the core concepts in the project, Conceive, Design, Implement and 
Operate.  Another intervention in line with the CDIO-curriculum was that all new students 
filled in a ”Beginners survey”. The results were followed-up by the study counsellors. They 
identified what the main obstacles and problems were, and offered individual counselling to 
the students.  
 
During the study year of 2001/2002 the implementation of the CDIO curriculum continued. 
The student reception was improved and the first CDIO project course was planned. 
Potential project managers were taught a project model, LIPS, and there was a request to 
different departments for interesting projects. The ”Beginners survey” was launched to all 
students in the Faculty of Technology, in order to make it possible to compare the different 
study programmes.   
 
In the study year of 2002/2003 the first CDIO-project course was implemented during the first 
semester.  Besides the follow up of the ”Beginners survey” the study counsellors launched 
the idea of ”Student mentors”. The aim was to facilitate the students´ adjustment to university 
studies with the help of a counselling method ”Supplemental instructions”.   
 
The implementation of the CDIO curriculum has continued from 2003, but this is beyond the 
scope of this paper. From the description above it is concluded that due to planned changes, 
the study contexts of the students are changing and this will be considered in the 
interpretation of our data.  

 
METHOD 
 
The design of the study is based on  

a) Questionnaires distributed to all students in each cohort twice the first year ( Q 1 
& Q 2) and once a year during their study year 2-5 ( Q 3-5) and finally  one 
questionnaire one year after graduation (Q6). 

b) Interviews with 10 students, 5 male and 5 female, in each cohort. The same 
students are interviewed twice the first year ( I1 & I2) and once a year during their 
study year 2-5 ( I3-5). A telephone interview is made with them one year after 
graduation (I6). 

c) In the 1998 and 1999 cohorts those students who dropped out during the first 
semester were interviewed on telephone.  

 
All three questionnaires were distributed, filled in and collected during a break in a lecture or 
lesson. Within the first two weeks the students filled in one questionnaire (Q1; N=702) about 
their previous study experiences, their expectations of the study program and of their future. 
After the first semester a second questionnaire (Q2; N=596) was filled in. The focus was on   
their experiences of the first semester. They were asked questions about their study results, 
experienced workload, thoughts of dropping out, experiences of cooperation with lecturers 
and peers, perceived study related health and well being and their identification with the 
study program.  At the beginning of their second year the third questionnaire (Q3; N=486) 
was filled in, where they were asked to report their experiences of the first year, in the same 
areas as in Q2.  
 
Ten students, five male and five female, were interviewed twice during the first study year. 
An interview guide was used, based on the questionnaire.  
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Results from the study have continuously been fed back to the program and reports and 
conference papers have been published (Edvardsson Stiwne et.al. 2002; Edvardsson Stiwne 
et.al. 2003; Edvardsson Stiwne, 2004).  
 
Response Rates  
 
The response rate is based on the number of filled in questionnaires related to the number of 
students in each cohort who registered for the first time. Table 1 shows a high response rate 
on Q1. In Q2 and Q3 it is declining. Based on these data we have anticipated drop-stop out 
rates during the first year of about 35% (1998); 36% (1999); 27% (2000) and 23% (2002). 
The cohort 1999 has the lowest response rates. One explanation is that these students did 
not attend lectures and lessons to the same extent as the others. 
 
Table 1: Response rate Q1-3. Within brackets are the number of students who register for the 

first time. 
 Questionnaire 1 Questionnaire 2 Questionnaire 3 

Cohort 1998 185 (187) 99 % 137 (174) 79 % 120 (160) 75 % 
Cohort 1999 170 (204) 83 % 155 (191) 81 % 107 (166) 64 % 
Cohort 2000 173 (178) 97 % 159 (162) 98 % 125 (151) 83 % 
Cohort 2002 174 (160) 100 %* 145 (148) 98 % 134 (138) 97 % 

Total 702 (729) 96 % 596 (675) 88 % 486 (615) 79 % 
* The number of questionnaires exceeds the number of registered students. One explanation 
is that some of the admitted students never registered.  
 
Of the 10 interviewed students in each cohort there were three stop- outs in the 2000 cohort. 
They were not interviewed the second time. In the other cohorts all students are interviewed 
twice during the first year. In total there are 78 interviews of 30-60 minutes.  
 
The Entering Students 
In each cohort there are about 13-18% women and the average age is about 20 years. They 
go to the University about one year after their A-levels.  Some students have spent one year 
completing their military service, working and/or travelling. Only about 8% do not have an A-
level from a natural science/technology program.  
 
Previous Study Experiences 
All students have been successful in Upper Secondary School, some of them at the price of 
hard work, others without to much efforts, which indicates a great variation in perceived 
work-load. The cohorts of 2000 and 2002 describe an accelerating rush and competition for 
the highest grades. About 30-40% have experienced some kind of  study-related stress ( 
sleeping problems, stomach problems, feelings of self doubt and insufficiency; problems of 
concentrating and depressions). These experiences are gender related, as we can see from 
table 2. 
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Table 2: Percentage of students who have experienced study related stress symptoms in 
Upper Secondary School 

Perception of study related stress symptoms  

Total Men Women 

Cohort 1998 34 % 27 % 64 % 
Cohort 1999 29 % 26 % 62 % 
Cohort 2000 46 % 40 % 75 % 
Cohort 2002 42 % 38 % 58 % 

Total 38 % 33 % 66 % 
 
The increase in students´ experiences of study related stress is considered in an overall 
cultural context. Studies of psychological well-being in the Swedish population show that it is 
in the age group of 19-29 (young adults) the increase of psychological ill-health is 
accelerating (Hallsten et.al, 2002; Wenemark et.al. 2003).  
 
The students´ motives for choosing the Y-program as their first choice has changed. In 1998 
and 1999 a special interest in mathematics and physics guided the students choice. The 
students had a clear goal of a future as a Graduate Engineer on an anticipated promising job 
market. By the end of the 1990ies the IT-boom was declining and in 2000 and 2002 the 
students´ were more ambivalent to their future.  The job market was more insecure and the 
breadth of the program was more in focus. Arguments for this was that it enabled the 
students to postpone their career choices.  The choice of study program was more informed 
by life style and an image of the study context. There was a difference in the approach to the 
study environment between the first and the latter cohorts. In 1998 and 1999 the first year 
was “a test” of the students´ capacity   to live up to the standards of the program, while it for 
the latter cohorts was “a test” if the program could live up to the students´ expectations. In all 
four cohorts the students expected long working hours  (about 50h/week) and a challenging 
and stimulating co-operation with faculty and peers. 
 
What They Expected to Learn   
Interviewed students expected to learn to solve problems, to analyse complex problems and 
to get in touch with research based knowledge in physics, communication, electrical 
engineering etc. They also expected that knowledge, as well as work methods, to a high 
degree should be related to their future jobs as graduate engineers. In the cohorts of 2000 
and 2002 the students had a more instrumental and pragmatic attitude to their learning. They 
wanted to learn how to study in order to get an exam. “Without an academic grade you are 
nobody on the job market today”.  
 
Aims for the Future 
In 1998 and 1999 the students were aiming at a bright future as Graduate Engineers, with 
good wages and good career opportunities. There were not many who considered an 
academic, research based career. In 2000 and 2002 the students were aiming at a University 
grade in order just to get into the job market. These students said that they just focussed on 
the next year and avoided to think about the future. Rather than taking a low-skill work after 
graduation they anticipated to take study leaves or take more classes. They did not worry too 
much about the future,  “it will sort itself out somehow”. 
 
 

 6



THE STUDENTS’ EXPERIENCES OF THE FIRST YEAR IN THE STUDY PROGRAM 
 
Their First Impressions of the Study Context 
In 1998 and 1999 the students´ described their first impressions of the academic study 
context as “chocking”, “chaotic” and “overwhelming”. Managing a high tempo and tough 
classes in mathematics evoke much agony and self doubt. The perceived harsh attitude of 
the lecturers intensified their feelings of panic. In 2000 and 2002 the students reported 
different experiences. They praised the activities related to the reception of the students and 
they felt “taken care of and lavished”. The lecturers´ attitudes were perceived as “helpful”.  
The students commented that the high proportion of teacher-led lectures and lessons was 
unexpected but very positive.  The interviewed students commented that they were aware 
that the image of “The Y-student” was that of a bore and a nerd with no social interest or 
competence. In the interviews they commented that this was true for some of their peers, but 
that it did not correspond to their own self-image. Some students solved this dilemma by not 
telling people outside the class that they were a “Y-student”. They believed that when you got 
to know these “other” people they were much the same as them selves, ambitious and clever 
students who also liked to party and participate in student activities. 
 
Study Results and Study Achievements 
In questionnaires and interviews the students were asked to comment on their average study 
results.  Within all cohorts three categories of students were identified: 

a) Those who were satisfied of being in phase with lectures and laboratory lessons. 
They had not failed any major examinations or tests. They had no aspirations above 
passing.  

b) Those who had failed tests and examinations from the start and lagged behind. They 
experienced a vicious circle, they did not have the capacity or energy to work with 
new courses and manage retests at the same time. 

c) Those who were surprised that their results were better than they had anticipated. 
These students had raised their aspirations and were aiming at the highest grades. 

 
There were students from all three categories in every cohort, but the proportions were 
different. In the first category a majority of students are in the first cohorts. They experienced 
a tough start and their strategy to “survive” was to persuade themselves that in order to 
reach their goal of becoming a graduate engineer, they had to make some sacrifices and to 
modify their achievement goals. The students from the latter cohorts had another motivation 
for their low aspirations. They did not want to sacrifice their social life and their well- being, 
so they gave priority to other things than studying and therefore they were satisfied by just 
passing. The students in the second category had panicked and in the interviews they 
responded very emotionally to these issues. The reason for panicking differed among the 
students.  One category was those students who panicked, but soon realised that they had to 
change their study strategy and who were confident about their capacity to do so. They were 
accustomed  to achieving good results without great efforts and they had began with the 
same attitude at the University. Another category was the students who had realised that 
they had to reconsider their motivation to study and/or their capacity to fulfil the requirements 
of the program. In the cohort of 2002 there were no students in this category. Together with 
the cohort of 2000 they were in majority in the third category, where the students were more 
successful than they had expected. They were surprised themselves, as they had expected a 
much tougher assessment from what they had heard from senior students and from the 
marketing of the programme. The students attributed their success to luck, hard work or “it 
obviously suits me”.  
 
Study Satisfaction  
In all interviews the students commented on their overall study context.  Although they 
belonged to a cohort of about 180 students, on a Campus with about 26.000 students, their 
study life was very much limited to the life of their class or their campus corridor (Edvardsson 
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Stiwne, 2004).  During the first weeks they participated in a lot of Y-program activities.  
During these first weeks people grouped together in smaller units as peer groups, study 
groups, commuting groups, student union groups etc..  
 
For commuting students it was considered a strength to have a “normal” life outside the 
University. They had friends and family with non-academic lives and interests, which helped 
them to continue “to be themselves”,  but also contributed to a feeling of being an outsider in 
the overall study context. The student union students,  who very soon engaged in student 
union activities, were proud to represent their study program and they enjoyed the 
opportunities to make interesting and valuable contacts and connections within the whole 
University. These students were described as “an exclusive clique who are electing each 
other”, by those who not were engaged in these activities.  
 
When the Y-students compared themselves to other students they characterised themselves 
as more ambitious, more self demanding, smarter and more hard working than other 
students. When they compared themselves to non-students of the same age they described 
themselves as living a good and comfortable life, in spite of hard study work, and they could 
not think of “an ordinary job” as an alternative. “I enjoy studying, much more freedom than an 
ordinary job, I like this life”. 
 
In all cohorts the students had the opinion that peer groups were very important, but for very 
different purposes. In study groups they could help, and get help from one another when they 
got stuck or did not understand. Peer groups were important for social well being, for keeping 
up healthy daily routines and for feed back and encouragement when things are tough and 
not easy (Edvardsson Stiwne et.al, 2001). Peer groups also become self referential in the 
evaluation of their own learning and achievements. 
 
In the first cohorts it was entirely up to the students to arrange their own group work, with the 
result that some students became very isolated. In1998 the students perceptions were that 
the lecturers norms of what was desirable student characteristics also sat the standards for 
their own groupings, i.e. “the smart ones” and “the serious ones” grouped together and as an 
opposition to that “ the not so smart ones” and “the not so serious ones”. 
 
In 1999 the students perception of “grouping criteria” was based on attendance at “school”, 
i.e.  “those who are at the University”, “those commuting” and “those who study on their 
own”.  
 
In 2000 and 2002 said that “they” had encouraged the students to work more in groups and 
that “they” had tried to create a class spirit. “They” was referring to faculty, lecturers and 
study counsellors.  The feeling was that “they” also had heavy expectations on the students 
to live up to be some sort of an “elite”, and there were some critical voices from the 
interviewed students, arguing that they felt “pushed” into an Y-identity. The well intended 
interventions by faculty, to encourage the students to work in groups (from 2000) and to 
organise their group work in projects (2002) were obviously met with some resistance. 
 
Due to the planning of a CDIO project course in 2002, the cohorts of 2000 and 2002 were 
asked to estimate how they allocated their study time. Table 3 show that the cohort of 2002 
increased their work group time, in comparison with the earlier cohorts, but also that they 
increased their individual working time after the first semester (after the project work).  
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Table 3: Allocation of working time, scheduled, group work, individual work, during the first 
semester (Q2) and during the second semester (Q3). 

 Scheduled Group work Individual work 

% Q2 Q3 Q2 Q3 Q2 Q3 
Cohort 2000 68 % 75 % 12 % 12 % 20 % 13 % 
Cohort 2002 67 % 63 % 15 % 16 %    19 % 21 % 

 
The students´ experiences of their teachers´ competencies were unified.  They were 
considered to be highly competent and professional within their specific fields of knowledge, 
but lacking in pedagogical competence.  In the first cohorts many students were upset by the 
lecturers attitudes towards the students. This was exemplified by their comments that some 
lecturers seemed to be fed up with students and seemed to enjoy tormenting the students. 
Another impression was that some lecturers did not bother to explain issues that were 
considered too simple and too evident. The students´ strategies to cope with this were to try 
to interpret and understand the lecturers´ communication style.  The students in 2002 had a 
much more positive attitude towards their lecturers, who were considered helpful and 
considerate but still lacking pedagogical competence. 
 
Work Load, Health and Well-Being 
In all cohorts the average working hours/week were 40-50. Lectures, classes and laboratory 
lessons were highly attended to and as the students also expected to work long hours these 
circumstances also were considered fair. What was creating stress and ambivalence was a 
conflict between tough working conditions and the status of the program. “It is supposed to 
be a tough education, you are becoming a graduate engineer, and then it has to be 
demanding an tough”. The student added that otherwise it (the study program) might loose 
its´ reputation and image. Students also pointed to the fact that they did not see any 
alternative to studying. Leaving home, fixing accommodation, economy, household duties 
and creating new social networks, were also considered very stressful activities during the 
first semester and in conflict with a demanding study situation. About 40% of the students 
had some time during the first year considered taking study leaves (stop-out) or to drop out. 
The reason for that was not primarily the work load or failing tests but the experience of a 
lack of meaning and relevance. The students hoped that the first year was the worse and 
that it would be more interesting later.  
 
The students´ ambivalence to their study work, their perception of lack of meaning and lack 
of alternatives is closely related to the kind of psychological stress that is accelerating among 
young adults in Sweden. Hallsten et.al (2002) define a burning out process as “an individual 
crisis, characterised  by an individuals perceptions that her alternatives to take action are 
insufficient in relation to a life situation that is at hand”.  
 
Compared to the first cohorts, the cohorts of 2000 and 2002 had more experiences of study 
related stress from Upper Secondary School. Even though these cohorts were more 
successful in their studies than the first cohorts, felt more welcomed and taken care and 
enjoyed their study context, they also articulated more signs of psychological stress during 
the first year. Sleeping-problems, states of low spirit or depression, feelings of insufficiency 
and social isolation are symptoms related to psychological ill-health in general. 
 
During the first semester 35-55% of all students had some sleeping problems and periods of 
low spirit or depression.  After the first semester the sleeping problems  were declining in the 
first three cohorts but increasing in the 2002 cohort (from 37% to 46%).  The periods of low 
spirit or depression increased in all cohorts after the first semester, most evident in the cohort 
of 2002.  About 55% of all students had experienced periods when they doubted their 
capacity to manage their study situation. There is no significant difference between the 

 9



cohorts.  This could be regarded as “normal” in a tough program. The cohort of 2002 breaks 
the pattern by expressing more confidence. This could indicate that the efforts of the study 
board and the study counsellors to facilitate the students working conditions and learning 
have had some success.  
 
Another surprising result is that in spite of the CDIO project the first semester and the 
encouragement of faculty to create social engagement and commitment to a study group, the 
percentage of students who felt socially isolated increased in the cohort of 2002, from 26% to 
36%, after the first semester. This could be explained as a reaction on the experiences of the 
group work in the project. In the interviews the students commented that in many groups they 
did not co-operate in the project work and that the free-rider and sucker effects were 
prevalent.  
 
Students Approaches to Studying and Learning during their First Study Year 
In spite of different prerequisites and different aims, the students´ main learning outcomes 
during the first year is that they learned how to learn in order to get their credit points and 
manage their tasks. The problems and obstacles they identified were related to individual 
goals and approaches to studying.  
 
Individual main goals in the cohort of 1998 was to manage a prestigious and tough study 
programme with the aim of getting a good job and good career opportunities. Their main 
study strategy was to make immediate personal and social sacrifices for a future goal. 
Failures were ascribed to their own lack of knowledge and competence and too small 
sacrifices. The students in the cohort of 1999 had very much the same main goals as 1998.  
As the study board had changed the curriculum, a foundation course in mathematics had 
been inflicted, the study context had changed and they could not rely on the experiences of 
previous cohorts. As the foundation course was to be taken in parallel with other classes, the 
main study strategies of this cohort were to make priorities. They did not attend all lectures 
and classes. They dropped classes that were considered “irrelevant or incomprehensible”. 
The female students in this cohort argued that they gave priority to group discussions or 
classes where they not were presented ready made solutions but were encouraged to think 
for themselves. They actively created learning situations themselves. 
 
The cohort of 2000 were “taught” the value of learning how to learn, of finding a balance 
between work- and leisure time and they were encouraged to work in groups. They 
expressed more open critique to a teaching model based on fact-feeding and copying.  
These students focussed on self-discipline and structure and created individual strategies in 
their active choices of lectures, lessons and group sessions. In doing so, the focus was as 
much on who the lecturer was as on the content. The cohort of 2002 expressed the same 
strategies, but as they were the first cohort who had worked in a project group,  their 
strategies were influenced by an element of comparison and self evaluation in relation to 
their peers. “You get stressed when you see how far the others have come”.  The study 
results were not considered important per se, they were important in relation to the 
comparisons made.  
 
In reflecting back on their first year, the students were astonished that they knew so much 
and were able to solve complex problems. In order to keep up the motivation for another 3 ½ 
years the students´ strategies were to think about and imagine the interesting and relevant 
courses that they anticipated would come after the first year.  They hoped to realise the 
necessity and relevance of enduring “the necessary evil” of the first year. 
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COMMONALITIES AND DIFFERENCES BETWEEN THE COHORTS 
  
Weidman et al. (2001) argue that students are socialised into the academic context in 
different stages.  The stages are not linear or passed step wise. Depending on the social and 
cultural background of the students the stages are enacted individually in a study context that 
is designed for an anticipated homogenous cohort, especially the first year.  
  
The anticipatory stage: The students´ first impressions of the study context are guided by 
their individual backgrounds and expectations.  This is further emphasised with the 
governmental goal of 50% of an age group going into Higher Education before the age of 25. 
The students´ professional expectations are often guided by stereotypical images, the way 
the profession is presented in media, family, friends and life style magazines.  During this 
stage the students listens to and observes what is going on and they are occupied of 
”learning the ropes”.  They comply with information ”from above” or ”from outside”.   
 
In this study this is evident in the way the students describe their first impressions of “the 
academy”.  The differences between the first and the latter cohorts can be interpreted as an 
evidence of the theory that student learning is based on the relation between their earlier 
study experiences, what they expect to learn, their aims for the future and the teachers 
approaches to teaching (Entwistle, 2003).  The students´ experiences further indicates that 
this relation is domain specific, i.e. the relations are constructed within a specific context, a 
study program or a class. The differences between the first and the latter cohorts can also be 
related to other studies of  the first year in study programs with large study groups. These 
results show that the organising and management of classes and programs are of vital 
importance for the students perceptions of the relevance and quality of a course ( Entwistle, 
ibid.). Our results show that the interventions by faculty and study board, to facilitate the 
study work and make the study context more welcoming, was met by some ambivalence by 
the students.  They appreciated the support and to be “taken care of”, but at the same time 
they anticipated that the status and image of the study program would  be deteriorating. They 
also had a feeling that the liberality had a hidden agenda, that they were expected to pay a 
price.   
 
The formal stage: The students actively look for formal instructions about study technique, 
study guide lines and assessment criteria. Faculty and peers become important role-models, 
especially for students with a non-academic background.  The students monitor course 
alignment, the consistency between what is said and done, and this guides their approach to 
learning ( Biggs, 2003; Marton & Säljö, 1997).   
 
In this study this is evident in the students´ descriptions of what they have learned the first 
year. Learning the ropes through monitoring the actions and attitudes of faculty and senior 
students becomes difficult when the curriculum is changing. This is most evident in the 
cohort of 1999 and 2002, when two new courses are implemented, the foundation course in 
mathematics (1999) and the CDIO project course (2002). In these new elements the 
students had to rely on themselves and on their peers and therefore the experiences of 
working together in a group became vital for their approach to learning. 
 
The informal stage: During the first stages the main goal for the student is to ”learn the 
ropes” of the academic context in general, and of the specific study context of a program and 
a class in particular. In parallel to this learning the students are creating a personal, informal 
platform. Small groupings are created where the students have ( or have not) a belonging. In 
the way these groupings are classified,  implicit cultural values are enacted, and the status 
and ambitions of individual students are confirmed or challenged (Twale & Kochran, 2000).  
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In this study this is evident in the students perceptions of the norms and criteria that guided 
the sub groupings of the classes. In 1998 it was a norm of excellence and in 1999 a norm of 
attendance that were the guide lines and the students were either complying or resisting this, 
defining themselves as “excellent” or “not excellent”, as “attendants” or “non attendants”. In 
2000 it was a norm of normality and balance and in 2002 a norm of structure and self-
discipline that were the guiding lines defining the social identities of the students.  In the first 
cohorts the study group and the peer group were support groups, but became more 
referential to the individual student, a point of reference for her/his self-assessment in the 
latter cohorts. 
 
The personal stage: Every student creates their social identity as a student and/ or as a 
professional. How this is enacted depends on what the student identifies with, as well as 
her/his self-image and prospects for the future.  
 
In this study this is evident in the influence of an overall social and economic context  on the 
students´ approaches to their studies and to their future. The students who strongly identified 
themselves with a non academic context were most prone to make all the necessary 
sacrifices in order to become a Graduate Engineer and to secure a different or better future 
for themselves and their family. The students who strongly identified themselves with an 
academic context were prone to work hard in order to secure a position as a student, for the 
time being, and they were very confident that “things would sort themselves out” in the future.  
 
During the 4-5 years that  it takes for a student to graduate from  a study program,  most 
students develop a distancing approach to their study context and to their student roles, in 
favour to an identification to a professional context and professional roles. Students tend to 
be more critical and negative to their study context at the end of a program (Rautopuro & 
Vaisanen, 2000; Pancer & Hunsberger, 2000; House, 1999). If a study program shall 
contribute to the students´ identification with a future professional role, Weidman et.al (2001) 
argues that the curriculum must be of such relevance for the students so he/she is prepared 
to invest time, money and commitment. It is also important that students are actively involved 
in the study context and in professional activities.  
 
It is the students´ aims and goals that guide their perceptions of relevance. Progression, 
application and an increasing specialisation contribute to the students´ confidence that they 
can meet the professional requirements of potential employers after graduation.  
Identification with a professional role contributes to the students´ willingness to invest time, 
money and commitment to reach their goal of becoming a graduate engineer. A strong 
identification with a student role can make a transition from student life to working life more 
difficult. Their willingness to invest time, money and commitment is based on their goal to 
remain students and belong to the study context. 
 
In this study the somewhat surprising and also contradicting results from a comparison 
between the first and the latter cohorts could be interpreted as an enactment of the students 
perception of relevance in relation to their personal aims and goals, but also to the situation 
on the job market.  The first year was perceived as   “ a necessary evil”, a preparation for the 
interesting classes. The first year was also perceived as “ a test”, a self-referential test. For 
the students in the first cohorts this was experienced with a reference to their perceptions of 
what they could have to offer the program and a future profession, and for the latter cohorts 
with reference to their perception of what the program had to offer them in their professional 
development.  
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CONCLUSIONS 
 
In this paper I have presented comparative data from the first year of four student cohorts in 
a Graduate Engineering program in Applied Physics and Electrical Engineering in Linkoping.  
The purpose has been to relate the results to an ongoing implementation of a CDIO 
curriculum. Data from the first two cohorts are regarded as “base line data”, from the period 
before the planning and implementation of the CDIO curriculum. Four main issues have  
been highlighted: 

• The entering students´ previous study experiences, expectations and aims for 
the future. 

• The students´ experiences of their first year in the study program. 
• Commonalities and differences between the cohorts.  

 
There is a difference between the study experiences, the expectations and the aims for the 
future between the first and the latter cohorts.  The students in the first cohorts were goal- 
and future oriented and they were expecting to work hard in order to fulfil the requirements of 
the study program and to deserve becoming a Graduate Engineer. They began their studies 
at a time when the job marked was bright. The students in the latter cohorts had experienced 
more study related stress in Upper Secondary School than the students in the first cohorts, 
due to increasing competition and rush for the highest grades. The situation on the job 
market had got tougher and the goal for many students was “to get a grade” rather than “to 
become an engineer”.  These differences were enacted in the socialisation of the students 
into a study context that was changing due to the planning and implementation of a CDIO 
curriculum ( Weidman et.al. 2001).  
 
The results from this study show a changing approach to studying between the first and the 
latter cohorts, from an achievement and future oriented approach to a gratifying and here- 
and-now oriented approach. This is enacted in the relation between their earlier study 
experiences, what they expected to learn, their aims for the future and the teachers 
approaches to teaching (Entwistle, 2003).   
 
The conclusion from this study of the first year in a longitudinal study of the students passage 
through the whole study program and with a follow up one year after graduation, is that  well 
intended and well planned changes in a study program can give unintended results, as a 
consequence of this relationship. In future presentations we will see if the commonalities and 
differences between the cohorts during the first year will remain. 
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ABSTRACT 
 
“How Does It Work?” type project involve a student or a group of students being assigned an 
engineering device or system to study. They must gather information about how it works, on 
how it is implemented and on whether any problems have been encountered with the device or 
system during its operation and they must then prepare a report and/or presentation on their 
findings. In gathering the required information, the students must use the Web and books 
including handbooks and manuals, consult with trades-people involved with maintaining and 
repairing devices or systems of the type being considered and they must arrange to view 
examples of the device or system and take suitable photographs to complement the other 
information they have gathered.  The latter requires that examples of the device or system be in 
use within a reasonable distance of the academic institution at which the student is studying. 
Devices and systems that are suitable for such projects are often in use by the academic 
institution itself. Examples of suitable project topics are discussed in this report and some 
details of typical projects of this type are discussed here. A discussion of the way in which “How 
Does It Work?” type projects can be incorporated into design and engineering science courses 
to help illustrate the practical application of the course material is also presented. The 
advantages and disadvantages of projects of this type will also be discussed. 
 
INTRODUCTION 
 
One of the characteristics of most successful engineers is a curiosity about how devices and 
systems work and about how they are constructed. It would seem that this characteristic should 
be encouraged and used in engineering education programs. “Deconstruction” projects, in 
which a device is disassembled and a report on how it works and how it is constructed do, of 
course, help develop this characteristic. Such projects can also give the student good practical 
experience and experience of working in a team situation. When both written and oral reports 
are required as part of the project, such projects can also assist in the development of 
communications skills. However, such deconstruction projects are often time-consuming to 
implement in that the devices to be disassembled have to be gathered. Such projects also 
require that the students have access to the tools required for the disassembly and that a 
suitable area in which the disassembly is undertaken be available. In addition in many cases 
where this type of project is used, the devices that are disassembled are relatively simple and 
sometimes leave the student with the impression that engineering devices are all simple and 
easily understood. In order to supplement design-build and device deconstruction projects, an 
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attempt was made to introduce “How Does It Work?” type projects. In the initial implementation 
of these projects, a student or group of students were assigned a device or system and using 
the library and the web, they gathered information on how such devices operate and how they 
are constructed. The students then prepared a written report describing the device and how it 
works. They also had to give an oral report to the class describing their findings. Typical of the 
devices considered in these projects were: 
 

1. TV remote control. 
2. GPS navigational system. 
3. Aircraft gas turbine engine. 
4. Automotive automatic transmission. 
5. Fuel cell. 
6. Solar hot water system. 
7. Residential air-conditioning system. 

 
While the students responded quite enthusiastically to these projects and while it did expose 
them to more complex devices and systems than most design-build and deconstruction 
projects, it was clear that in many cases the students had not developed an appreciation of the 
practical problems that had obviously arisen in implementing the device and that, if they had not 
encountered an actual device of the type being considered, they often had little real appreciation 
of what it looked like and of how well it operated. It was clear therefore that the “How Does It 
Work?” type project experience should be extended to include contact with an example of the 
device being considered. 
 
The use of projects of various types in engineering education has been widely discussed. 
Experience has indicated that, whenever possible, these projects should deal with real world 
problems. While this is relatively easy to do in the final year program particularly in the capstone 
design project, it is often not easy to do in the earlier years. “How Does It Work?” type projects 
offer a way of doing this, i.e., of exposing the students to real world devices and systems in the 
earlier years of their program. 
 
EXTENDED “How Does It Work?” TYPE PROJECTS 
 
The initial experience with “How Does It Work?” type project suggested the need to have 
contact with an example of the device being described. The projects were therefore extended to 
require that the student groups, in gathering the required information, must continue to use the 
Web and books, including handbooks and manuals, but must also consult with trades-people 
involved with maintaining and repairing the device or system being considered and that they 
must arrange to view examples of the device or system and take suitable photographs to 
complement the other information they have gathered from other sources.  The latter requires 
that examples of the device or system be in use within a reasonable distance of the academic 
institution at which the student is studying which limits the range of devices that can be 
considered. However, devices and systems that are suitable for such projects are often in use 
by the academic institution itself.  
 
Contact with the trades-people in gathering the project information has additional benefits. For 
many of the students involved it is their first real professional contact with technicians who are 
such an important element in real engineering teams. The trades-people also can provide the 
student groups with information about problems experienced during the long-term operation of 
the device or system. The students are encouraged to incorporate information of this type into 
their reports. 
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EXAMPLES OF “How Does It Work?” TYPE PROJECTS 
 
Some examples of devices that can be used in “How Does It Work?” type projects are 
discussed below. These examples are most applicable in a Mechanical Engineering program. 
However, similar projects that can be used in other programs can easily be identified. 
 
Small Cogeneration System: Many universities have installed or are now installing relatively 
small gas turbine based cogeneration systems to supply part of their electrical and heating 
loads. The layout of such a system is shown schematically in Fig. 1. In using this type of system 
for their project, the student group first studies how such systems operate and why they have 
been installed. They do this using the web and books. They then arrange to tour the facility and 
to meet with the person who is in charge of the operation of the device. During the tour they 
photograph the facility and in the meeting with the operator they ask questions about the 
reliability of the system and about problems that have been encountered in its operation. They 
also ask if they can look through any available manuals that may be available and copy 
diagrams and photographs that show mechanical details of the device. The students then 
prepare a report describing the device, its operation and the reasons for its installation. They 
also prepare a Power point type presentation highlighting the main features of their report. This 
presentation is given to the rest of the class.  
 
Residential Furnace: Most companies that sell residential furnaces also install and service 
such furnaces. Such companies are invaluable sources of information about such devices. 
Examples of a wide range of such systems are also available in houses in many countries. In 
using this type of system for their project, the student group first studies the various types of 
systems that are available and how such systems operate. They then arrange to visit one or 
more local companies that sell residential furnaces and to meet with salespersons and with 
technicians who install and repair such furnaces. During the meting with the salespersons, the 
students gather brochures that describe various types of furnaces and that give drawings and 
photographs of the internal construction of the furnaces. During the meeting with the 
technician(s) the students discuss problems and difficulties that have been encountered in the 
installation and operation of the furnaces. They also try to arrange a visit with a technician to a 
furnace system that is either being installed or serviced.  The students then prepare a report 
describing the device and its operation and a presentation that is given to the rest of the class. 
  
Helicopter Rotor Hub System: A helicopter rotor hub system and the way it is operated by the 
pilot using the controls in the cockpit seems to be of considerable interest to many engineering 
and is thus a very suitable topic for a “How Does It Work?” type project. A simple schematic 
drawing of a rotor hub swash-plate system is shown in Fig. 2. Many airports, even those that are 
quite small, have a company that operates at least one small or medium size operation. Military 
helicopters also at times fly into civilian airports and remain there for one or two days. In both of 
these situations it is usually possible to arrange to have students view a helicopter and have a 
pilot demonstrate the use of the cyclic and collective controls. In many cases, the pilots will also 
be willing to give short flying demonstrations. . In using this type of system for their project, the 
student group first studies, using information on the web and in books, how such a system 
operates and some of the ways in which the system is implemented. The students then arrange 
to view a helicopter and talk to a pilot and, if possible, a technician who services the helicopter. 
During this visit they will take photographs showing the rotor hub details. They will discuss the 
effectiveness of the system and any problems that are encountered in its operation with the pilot 
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and the technician. The students then prepare a report describing the device and its operation 
and a presentation that is given to the rest of the class. 
 
 

Rotor Hub  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 – An example of a helicopter rotor hub. 
 
Examples of other suitable project topics are: 
   

1. Small Hydro Electric Plant 
2. Elevator and/or Escalator 
3. Residential Air-conditioning System 
4. Photo-Voltaic Electrical Generating System 
5. Wind-Turbine System 
6. Solar Hot Water System 
7. Residential Washing Machine 
8. Residential Clothes Dryer 
9. Residential Dishwasher 
10. Microwave Oven 
11. Automobile Automatic Transmission 
12. Natural Gas Pipeline Pumping Station  

 
PROS AND CONS OF “How Does It Work?” TYPE PROJECTS 
 
Projects of the “How Does It Work?” type are, of course, intended to complement, not replace 
design-build and deconstruction type projects. Among the advantages of  “How Does It Work?” 
projects are: 
 

1. They expose the student to engineering devices normally not dealt with in the other 
two types of project. 

2. They expose the student to relatively complex, real-world engineering devices and 
systems.  

3. They expose the student to devices that require a knowledge of the various 
engineering sciences in order to understand their operation. 
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4. If they are implemented in the correct manner, they can expose the student to 
operational problems encountered in the use of the device or system. 

5. If they are implemented in the correct manner, they can cause the student to interact 
with technicians and with other personnel likely to be encountered in a full 
engineering team. 

6. The projects, if well planned, can be used to complement work being undertaken in 
other courses. 

 
Among the disadvantages of  “How Does It Work?” projects are: 

 
1. They do not basically require that the students utilize any creativity or 

problem solving skills. This can be partly overcome by requiring that the 
students in their reports discuss modifications that should be made to the 
device or system in the light of actual operating experience. However, not all 
of the projects are suitable for this activity.  

2. They can require a considerable amount of organizational effort in identifying 
suitable devices and systems, to get the agreement of those involved to allow 
the students to visit the site of the device or system, to get the agreement of 
those involved to discuss the device or system with the students, to arrange 
or at least check the transportation to and from the site and to ensure that the 
students follow all required safety procedures when visiting the site. 

3. The projects must be matched to the students’ knowledge and this can 
impose significant limitations on range of available projects. 

4. The interaction of the students with the personnel involved has to be 
monitored to ensure that no problems are developing. 

 
INCORPORATION INTO BASIC COURSES 
 
Project work of the type being discussed here is usually incorporated in design related courses 
were they can be used to complement conventional design and design build projects. However, 
“How Does It Work?” projects can also be used in conventional engineering sciences courses in 
order to expose the students to real-world applications of the material being discussed in the 
course. Examples of this are: 
 
Thermodynamics Course: In thermodynamics courses, “How Does It Work?” projects 
concerned with various components in an electricity generating plant, with cogeneration 
systems, with air-compressors, with evaporative cooling systems, with refrigeration and air-
conditioning systems and with solar hot water systems can, for example, be used. 
 
Fluid Mechanics Courses: In Fluid Mechanics courses, projects concerned with building 
ventilation systems, with large fans, with wind-turbine systems, with natural gas transportation 
systems, with water sprinkler systems in buildings, with wind-tunnels and with aircraft propellers, 
for example, can be used. 
 
Heat Transfer Courses: In Heat Transfer courses, projects concerned with condensers, with 
various types of boilers and furnaces, with various forms of solar energy systems, with 
dehumidification systems, with various types of industrial heat exchangers and with under-floor 
room heating systems, for example, can be used. 
 

 5



CONCLUSIONS 
 
“How Does It Work?” projects can be used to expose students to relatively complex, real-world 
engineering devices and systems, they can be used to expose students to operational problems 
encountered in the use engineering devices or systems, they can lead to interactions between 
students and technicians and other personnel likely to be encountered in a full engineering team 
and they can be used to complement other types of projects. They can also be incorporated into 
engineering science courses where they can be used to expose the students to real-world 
applications of the material being covered in the course. 
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ABSTRACT 

In this paper, we report on a large-scale application of the CDIO standards, involving 
approximately 100 educational programs. The context is the Swedish national evaluation of 
its “civilingenjör” engineering degree programs made by the Swedish National Agency for 
Higher Education (Högskoleverket, HSV). In the paper, we first briefly describe the CDIO 
standards focusing on the role as a support for continuous program development. We then 
present the self-evaluation materials used in the HSV evaluation and account for HSV’s 
motives for including the CDIO standards evaluation in the self-evaluation package and for 
the modifications made compared to the original CDIO standards. We then discuss the 
results from a survey and an interview study directed to the program managers that have 
applied the CDIO standards in the HSV evaluation. The questions in the survey aim to 
investigate the respondents’ view of the relevance, benefits, limitations and ease of use of 
the CDIO standards. The questions are aimed both at the overall level – the body of 
standards – as well as at the level of single standards. 

INTRODUCTION 

The CDIO model [1, 2] is a model for engineering education that stresses that the product 
lifecycle – Conceive-Design-Implement-Operate (CDIO) – should form the framework for the 
design of the engineering educational program. The educational design process is guided by 
the CDIO standards, a set of twelve principles that characterizes this educational model as 
well as general good practice in education [3]. The fulfillment of each standard is measured 
by a five-level scale, thus also providing a tool for continuous improvement. So far, the CDIO 
standards have been applied for a limited number and range of educational programs, 
essentially the collaborators in the CDIO Initiative [1, 2]. In this paper, we report on a large-
scale application of the CDIO standards, involving approximately 100 educational programs. 
The context is the Swedish national evaluation of its “civilingenjör” engineering degree 
programs. These programs are 4 ½ year integrated engineering programs roughly equivalent 
to Master of Science or Diplom-Ingenieur degrees. The quality of these programs is 
evaluated by the Swedish National Agency for Higher Education (Högskoleverket, HSV) 
every six years.  
 
In the paper, we first briefly describe the CDIO standards focusing on the role as a support 
for continuous program development. We then present the self-evaluation materials used in 
the HSV evaluation and account for HSV’s motives for including the CDIO standards 
evaluation in the self-evaluation package and for the modifications made compared to the 
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original CDIO standards. We then discuss the results from a survey and an interview study 
directed to the program managers that have applied the CDIO standards in the HSV 
evaluation. The questions in the survey aim to investigate the respondents’ view of the 
relevance, benefits, limitations and ease of use of the CDIO standards, as well as map out 
the measures that have been taken by the programs in response to the evaluation results. 
The questions are aimed both at the overall level – the body of standards – as well as at the 
level of single standards. The quantitative data from the survey is complemented with 
qualitative data gained from interviews with selected program managers, carefully chosen to 
represent program types that have not earlier applied the CDIO standards. 

THE CDIO STANDARDS 

The CDIO standards (Figure 1) define the essential characteristics of an engineering 
program that has adopted the CDIO model of engineering education reform . The 12 
standards were developed in response to the request from programme stakeholders to be 
able to recognize CDIO programmes and their graduates. The 12 CDIO standards serve as 
guidelines for educational program reform and evaluation, create benchmarks and goals with 
worldwide application, and provide a framework for continuous improvement. The 12 CDIO 
standards address program philosophy, curriculum development, design-build experiences 
and workspaces, new methods of teaching and learning, faculty development, and 
assessment and evaluation. Seven are considered 

[3]

essential because they distinguish CDIO 
programs from other educational reform initiatives; five supplementary standards significantly 
enrich a CDIO program and reflect best practice in engineering education. 
 

Standard 1 — CDIO as Context*
Adoption of the principle that product and system lifecycle
development and deployment — Conceiving, Designing, 
Implementing, and Operating — are the context for 
engineering education

Standard 2 — CDIO Syllabus Outcomes*
Specific, detailed learning outcomes for personal, 
interpersonal, and product and system building skills, 
consistent with program goals and validated by program 
stakeholders

Standard 3 — Integrated Curriculum*
A curriculum designed with mutually supporting disciplinary
subjects, with an explicit plan to integrate personal, 
interpersonal, and product and system building skills

Standard 4 — Introduction to Engineering
An introductory course that provides the framework for 
engineering practice in product and system building, and 
introduces essential personal and interpersonal skills

Standard 5 — Design-Build Experiences*
A curriculum that includes two or more design-build
experiences, including one at a basic level and one at an 
advanced level

Standard 6 — CDIO Workspaces
Workspaces and laboratories that support and encourage 
hands-on learning of product and system building, 
disciplinary knowledge, and social learning

Standard 7 — Integrated Learning Experiences*
Integrated learning experiences that lead to the 
acquisition of disciplinary knowledge, as well as personal, 
interpersonal, and product and system building skills

Standard 8 — Active Learning
Teaching and learning based on active experiential
learning methods

Standard 9 — Enhancement of Faculty CDIO Skills*
Actions that enhance faculty competence in personal, 
interpersonal, and product and system building skills

Standard 10 — Enhancement of Faculty Teaching Skills
Actions that enhance faculty competence in providing 
integrated learning experiences, in using active experiential 
learning methods, and in assessing student learning

Standard 11 — CDIO Skills Assessment*
Assessment of student learning in personal, interpersonal, 
and product and system building skills, as well as in 
disciplinary knowledge

Standard 12 — CDIO Program Evaluation
A system that evaluates programs against these twelve
standards, and provides feedback to students, faculty, and other
stakeholders for the purposes of continuous improvement

Standard 1 — CDIO as Context*
Adoption of the principle that product and system lifecycle
development and deployment — Conceiving, Designing, 
Implementing, and Operating — are the context for 
engineering education

Standard 2 — CDIO Syllabus Outcomes*
Specific, detailed learning outcomes for personal, 
interpersonal, and product and system building skills, 
consistent with program goals and validated by program 
stakeholders

Standard 3 — Integrated Curriculum*
A curriculum designed with mutually supporting disciplinary
subjects, with an explicit plan to integrate personal, 
interpersonal, and product and system building skills

Standard 4 — Introduction to Engineering
An introductory course that provides the framework for 
engineering practice in product and system building, and 
introduces essential personal and interpersonal skills

Standard 5 — Design-Build Experiences*
A curriculum that includes two or more design-build
experiences, including one at a basic level and one at an 
advanced level

Standard 6 — CDIO Workspaces
Workspaces and laboratories that support and encourage 
hands-on learning of product and system building, 
disciplinary knowledge, and social learning

Standard 7 — Integrated Learning Experiences*
Integrated learning experiences that lead to the 
acquisition of disciplinary knowledge, as well as personal, 
interpersonal, and product and system building skills

Standard 8 — Active Learning
Teaching and learning based on active experiential
learning methods

Standard 9 — Enhancement of Faculty CDIO Skills*
Actions that enhance faculty competence in personal, 
interpersonal, and product and system building skills

Standard 10 — Enhancement of Faculty Teaching Skills
Actions that enhance faculty competence in providing 
integrated learning experiences, in using active experiential 
learning methods, and in assessing student learning

Standard 11 — CDIO Skills Assessment*
Assessment of student learning in personal, interpersonal, 
and product and system building skills, as well as in 
disciplinary knowledge

Standard 12 — CDIO Program Evaluation
A system that evaluates programs against these twelve
standards, and provides feedback to students, faculty, and other
stakeholders for the purposes of continuous improvement  

 
Figure 1: The 12 CDIO standards that define the distinguishing features of a CDIO program. An 

asterisk (∗) defines the seven essential standards. 
 

The determination of a program’s progress towards the CDIO standards is accomplished 
through self-evaluation. An excerpt of the lay-out of the self-evaluation form is shown in 
Figure 2. The fulfillment of each standard is measured by a five-level scale, which is used to 
rate the progress towards the planning, implementation and adoption of each CDIO 
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standard. The rubrics of the five-level scale are stated in Figure 3. Self-evaluation using the 
12 CDIO standards and the five-level rating scale provides a tool for monitoring of 
improvements via a series of evaluations where overall program improvement can be made 
visible through an increase in total score. 
 

 
Compliance with CDIO Standards

Institution:
Program:
Evaluators:
Date: 

CDIO STANDARD EVIDENCE OF 
COMPLIANCE RATING ACTIONS

1 Adoption of a mission statement that 
includes the principle that product and 
system lifecycle development and 
deployment – Conceiving, Designing, 
Implementing and Operating - are the 
context of engineering education*

2 Specific, detailed goals for personal, 
interpersonal and product and system 
building skills, consistent with 
program mission and validated by 
program stakeholders*

3 A curriculum designed with mutually
supporting disciplinary subjects, with 
an explicit plan to integrate personal, 
interpersonal and product and system 
building skills*

4 An introductory course that provides
the framework for engineering 
practice in product and system 
building, and introduces essential…
personal and interpersonal skills

Compliance with CDIO Standards
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Program:
Evaluators:
Date: 

CDIO STANDARD EVIDENCE OF 
COMPLIANCE RATING ACTIONS

1 Adoption of a mission statement that 
includes the principle that product and 
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deployment – Conceiving, Designing, 
Implementing and Operating - are the 
context of engineering education*

2 Specific, detailed goals for personal, 
interpersonal and product and system 
building skills, consistent with 
program mission and validated by 
program stakeholders*

3 A curriculum designed with mutually
supporting disciplinary subjects, with 
an explicit plan to integrate personal, 
interpersonal and product and system 
building skills*

4 An introductory course that provides
the framework for engineering 
practice in product and system 
building, and introduces essential…
personal and interpersonal skills
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system lifecycle development and 
deployment – Conceiving, Designing, 
Implementing and Operating - are the 
context of engineering education*

2 Specific, detailed goals for personal, 
interpersonal and product and system 
building skills, consistent with 
program mission and validated by 
program stakeholders*

3 A curriculum designed with mutually
supporting disciplinary subjects, with 
an explicit plan to integrate personal, 
interpersonal and product and system 
building skills*

4 An introductory course that provides
the framework for engineering 
practice in product and system 
building, and introduces essential…
personal and interpersonal skills

 
Figure 2: Excerpt from CDIO self-evaluation form. 

 
 
 
 
 
 

0 No initial program-level plan or pilot implementation 

1 Initial program-level plan and pilot implementation at the course or program 
level 

2 Well-developed program-level plan and prototype implementation at course and 
program levels 

3 Complete and adopted program-level plan and implementation of the plan at 
course and program levels underway 

4 Complete and adopted program-level plan and comprehensive implementation at 
course and program levels, with continuous improvement processes in place 

  
Figure 3: Rating scale used in self-evaluation with the CDIO Standards. 
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SWEDISH NATIONAL EVALUATION OF ENGINEERING PROGRAMS 

The Swedish National Agency for Higher Education [4] is the government agency which is 
responsible for the evaluation of the quality of university education in Sweden. Subjects and 
professional degree program are evaluated each six years. HSV also evaluates applications 
from universities and colleges to start a particular program on the bachelor, master and 
doctoral levels. The purposes of the quality evaluations are to 
 

• Contribute to the universities internal quality and development work 
• Audit whether a particular educational program meets the requirements stated in the 

Swedish university law and regulations 
• Give information to prospective students 
• Inform the government of the quality of higher education 
• Give the public insight into the outcomes of investments made in the university sector 

 
An evaluation is a three step process:  
 

1. Self-assessment. The university that offers a particular educational program first 
does a self-assessment. The self-assessment implies that the university analyzes its 
programs, and identifies strengths and weaknesses. The self-assessment is based 
on a set of questions stated by the HSV. There is a common base for all self-
assessments across the university sector, complemented by domain-specific 
questions. 

 
2. Site visits by an external review panel. The self-assessment report is then studied 

by an external review panel and discussed with the program management, faculty, 
students and university-level staff at a site visit. The purpose of the site visits is to 
confirm and deepen observations made from studying the self-assessment reports. 
This results in a review report which may include compulsory requirements for 
changes, which if not implemented may lead to that the university’s right the offer the 
degree in question is revoked. The external review panel is composed by individuals 
with academic and pedagogical backgrounds from Swedish and international 
universities. There is also a student representative. Representatives with industry or 
government experience may be part of the panel. 

 
3. Follow-up.  After all programs have been evaluated, a report is published by HSV 

analyzing the total state of education within the sector in question in Sweden. A 
conference is arranged to discuss the findings and recommendations of that report. 
Finally, a follow-up is made 1-3 years after the evaluation, with the purpose of 
assessing the effects of the evaluation’s recommendations. 

 
In 2005, an evaluation of the “civilingenjör” engineering degree programs takes place. These 
programs are 4 ½ year integrated engineering programs roughly equivalent to Master of 
Science or Diplom-Ingenieur degrees. There are about 100 such programs in Sweden at 
roughly 10 different universities. The programs range across all domains of science and 
engineering, including engineering physics, mechanical engineering, information technology, 
industrial engineering and more. The basic structure of the self-assessment questions posed 
to these programs is indicated in Figure 4. The questions are divided into university-level 
questions and program-level questions, and then further decomposed into questions related 
to pre-conditions, results and processes. There are about 20 university-level questions and 
about 50 program-level questions. One example of a university-level question is “How does 
the university use knowledge about and experiences from graduated students in its 
educational planning?” [4]. An example of a program-level question is “Describe the program 
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in terms of specific goals and profile(s). Account for the considerations made when designing 
the program. Attach the program plan.” [4]. 
 
These questions are similar to those posed to programs in other sectors, but also include 
some domain-specific modifications. However, for this evaluation, HSV also decided to add 
an overall program assessment component to the questions  [1]. The purposes were to 
 

• Complement the responses to the basic questions in order to attain a more 
comprehensive, overall assessment of the university and program 

• Give the external review panel an additional instrument for its analysis and 
evaluation 

• Provide the universities/programs with an instrument that can be applied as a 
basis for future continuous improvement efforts 

 
The CDIO standards and the associated self-assessment tools (Brodeur & Crawley [3]) were 
chosen for this purpose. The application essentially followed that suggested by Brodeur & 
Crawley. However, a number of modifications were also made to adapt the standards to the 
context: The standards were re-formulated to avoid the use of the acronym “CDIO” while 
keeping the corresponding content. The programs were also given an option to re-state 
Standard One, enabling them to replace the “product and system development” context with 
another more fitting to their particular program. Finally, there was no summary of a total 
score, the intention being to avoid that programs would use their total score as a basis for 
some kind of ranking. 
 
In order to facilitate application of the CDIO standards self-assessment procedure, the 
programs were supplied with a set of instructional documents (translated into Swedish), 
including 
 

• The description of the CDIO standards  
• A set of headings and topics for a program goal statement, essentially a 

condensed version of the CDIO syllabus 0. 
• A template for the evaluation form 
• Two examples of CDIO self-assessments 
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Figure 4: Structure of HSV self-assessment questions package. 

RESEARCH METHOD 

In order to investigate the respondents’ view of the relevance, limitations and ease of use of 
the CDIO standards a survey and an interview study was carried out. The survey 
questionnaire was divided into five parts, see Figure 5. The first part covers background 
questions concerning what type of program the respondent represents and previous 
knowledge of the CDIO Initiative. In the second and third part, the respondents were asked 
to judge the ease of understanding, the ease of use, the relevance and the applicability of the 
overall CDIO standards as well as each individual CDIO Standard. The fourth part of the 
questionnaire covered the rating-scale, and finally the respondents were given the 
opportunity to give general comments on positive and learning aspects of the CDIO 
standards and also suggest improvements to the standards. 
The quantitative data was complemented with qualitative data obtained from interviews with 
selected program managers, chosen to represent program types that have not earlier been 
involved in the CDIO Initiative. 
The response rate of the survey was approximately 30 % covering a broad spectrum of 
different engineering programmes. Five interviews were carried out by the same interviewer, 
at two different universities. The interviews were recorded and transcribed verbatim. 
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Evaluation of the 12 CDIO standards in the HSV evaluation…

Background questions
Type of program
Previous knowledge of CDIO
…

Overall statements

Statements per standard
The description of the standard is easy to understand
It is easy to evaluate my program with respect to this standard
The meaning of the standard is relevant for my program
Program development using this standard improves the quality of the program

The rating-scale

General comments
Positive aspects
Improvements
Learning aspects

Evaluation of the 12 CDIO standards in the HSV evaluation…

Background questions
Type of program
Previous knowledge of CDIO
…

Overall statements

Statements per standard
The description of the standard is easy to understand
It is easy to evaluate my program with respect to this standard
The meaning of the standard is relevant for my program
Program development using this standard improves the quality of the program

The rating-scale

General comments
Positive aspects
Improvements
Learning aspects

 
 

Figure 5: Structure of survey questionnaire.  
The overall statements are given in Figure 6 when presenting the results. 

RESULTS 

The figures 6-7 and 9-10 below show some statistical results from the survey. The results are 
organized per statement, and the mean value and standard deviation for each statement of 
standard are illustrated graphically. In some rare cases the respondents did not give a 
complete answer, but there are roughly 30 observations for each kind of statement and 
standard.  For all statements and standards the standard deviations are rather high. One 
reason is a small number of highly critical respondents giving “Completely disagree” for all 
statements, also for those that were not CDIO-specific but rather related to good educational 
practice in general. After discussion it was decided not to exclude those data from the 
analysis. Due to the relatively small data set those responses will have a substantial 
influence on the standard deviation.  
 
Overall questions 
The second part of the survey contained 12 overall statements related to the entire set of 
CDIO standards. For each statement the respondents were asked to answer using a scale 
ranging from 1 to 5. Level 1 corresponds to "Completely disagree", and level 5 corresponds 
to "Fully agree". The results for the overall questions are given in Figure 6. The overall 
average rating is just above 3. The highest rating is obtained for standards 10 “Program 
development guided by the standards improve the quality of the program” and 12 “Evaluation 
does not require help from an expert”, respectively. Three statements fall somewhat below 
the average. These are statement 3 “It is easy to make a program evaluation with the 
standards and the rating scale”, statement 6 “The standards simplify communication between 
different stakeholders in program development” and statement 11 “The evaluation results are 
easy to interpret”.  
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Program development guided by the standards improve
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The evaluation results are easy to interpret

Evaluation does not require help from an expert

Rating

 
Figure 6: Average rating of the overall statements.  

The error bars indicate the standard deviation. 
 
Questions per standard 
Four statements were made for each standard, and the respondents were asked to answer 
using a scale ranging from 1 to 5. Level 1 corresponds to "Completely disagree", and level 5 
corresponds to "Fully agree". The English translation of the statements read: 
 

• The description of the standard is easy to understand. 
• It is easy to evaluate my program with respect to this standard. 
• The meaning of the standard is relevant for my program. 
• Program development using this standard improves the quality of the program.  

 
Ease to understand 
The first statement concerns the ease to understand the description of the principle.  Figure 7 
shows that the mean values are fairly high, and that standard 1 caused most problems. This 
observation is further discussed in the section below. The mean value of standard 12 is also 
somewhat lower.  This may be connected to the difficulty in understanding standard 1, since 
standard 12 says that the program shall be evaluated with respect to standard 1. The mean 
values for standard 7 and 8 are slightly lower than the surrounding values. This can be 
related to difficulties with interpreting topics like “experiential learning” and “active learning”. 
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Figure 7: Average rating of the ease to understand each of the 12 CDIO standards. 

The error bars indicate the standard deviation. 
 

In order to illustrate the scatter among the respondents for the ease to understand standard 
1, the number of respondents for each rating is summarized in Figure 8. This figure clearly 
illustrates the difficulties for many of the respondents to understand standard 1. 
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Figure 8: Rating of the ease to understand CDIO standard 1 for all respondents. 

 
Program evaluation 
The second statement deals with how easy it is to make program evaluation based on the 
CDIO Standards, and the statistics for the answers are depicted in Figure 9. Also here the 
mean value for standard 1 is lower than for the other standards.  It can also be seen in the 
figure that the mean level over all 12 standards is lower for this statement compared to the 
first one.  
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Figure 9: Average rating of the ease if making program evaluation with respect to the 12 CDIO 

standards. The error bars indicate the standard deviation. 
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Relevance 
The judgement of the relevance of the CDIO Standards for the program is shown in Figure 
10. Except for the slightly lower value for standard 1 the mean values are all between 3.5 
and 4.0.  
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Figure 10: Average rating of the relevance of each of the 12 CDIO standards.  

The error bars indicate the standard deviation. 
 

Program Improvements 
The fourth statement deals with use of the CDIO Standards for program improvement and 
the results of the rating can be seen in Figure 11.   
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Figure 11: Average rating of benefits for program improvement of each of the 12 CDIO 

standards. The error bars indicate the standard deviation. 
 
The Rating Scale 
The questionnaire also contained two statements concerning the rating scale used when 
evaluating a program with the CDIO Standards. See Figure 2. The statements read: 
 

• The rating scale has an adequate number of levels. 
• It is easy to understand which value to select. 

 
The mean values for the two statements are 3.6 and 2.5 respectively. This indicates that 
several respondents had difficulties evaluating the program using the existing rating scale. 
This is also illustrated in the discussion section below. 
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DISCUSSION 

The survey revealed a number of issues of general interest. Careful consideration of some of 
these issues will help in future use of the CDIO Standards. We will here present some of 
these issues as a list of observations, and we will at this stage not consider putting priorities 
on them. The observations are grouped under the headings relevance and applicability, 
benefits, understandability and limitations. 
 
Relevance and Applicability 
The data from the survey indicate clearly that the CDIO standards state a number of 
principles that are relevant for many types of engineering programs. However, the survey 
also shows that that especially standard one, i.e. CDIO as a context, caused problems 
concerning interpretation and relevance. There is a background in that there has been no 
prior explicit attempt to define the role of an engineer in the engineering education framework 
in Sweden. In addition, as mentioned above, there are approximately 100 engineering 
programs in Sweden, and they represent a broad spectrum of disciplines and ideas. It should 
be pointed out that the modifications to the original CDIO standards made in the HSV version 
included a provision for programs to re-redefine standard one into one that would be better 
fitted to the programs particular context. It should be further noted that if a program chose 
this option, the remainder of the standards would still keep their essential meaning, only 
slightly modified to fit into the alternative context. 
 
Some Swedish engineering programs have a very strong engineering identity, and 
essentially sympathized with standard one. However, some of these programs also indicated 
initial difficulties in translating standard one into their context prior to accepting it.  “The major 
discussion was about the context. Is this the context, is it only this and nothing more?” 
(interview). In some cases this resulted in variants on standard one which were close in 
content to the original one but more explicitly linked to a particular industry “The principle is 
to educate engineers to meet the needs of the construction industry, ie for planning, design, 
engineering, production, operations and maintenance”. Another program that educates 
engineering teachers rather than engineers chose to state their context as “The didactical 
process: Analysis of educational needs, planning, implementation, assessment, evaluation 
and development.” Also this statement has basic similarities within the original statement but 
is more explicitly linked to their students’ future role as teachers.  
 
Other Swedish engineering programs formally lead to an engineering degree but are strongly 
science-oriented, e.g. in physics or biology. It was not easy for some of the latter programs to 
identify with the image of engineering that is reflected in the standards: “[The standards] 
seem to be made thinking of mechanical engineering, electrical engineering, but probably not 
so much considering the natural science part of the engineering domain.” One such re-
defined standard one read “The X program is strongly research-oriented and the students 
learn how to think, analyze, and solve problem in a research context rather than in the 
technical production context. The emphasis is more on knowledge production than on 
“product” production”.   
 
Understandability 
Out of the four questions asked for each standard, the one that evaluates the ease if making 
a program evaluation with respect to the CDIO standards is the one with the lowest average 
score (3.24 of 5). This also evident from the responses to questions related to the whole set 
of standards (Figure 6). The difficulties appear to come from two main sources: interpreting 
standard one as discussed above and the rating scale. Especially the rating scale caused 
trouble for many respondents: The rating scale has two components: planning and 
implementation. Some respondents thus report that it is difficult to choose the “right” value for 
a particular standard.  
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Moreover, the rating scale is designed to give a premium on planning and documentation in 
order to create a solid base for the systematic development and discussion of program plans. 
This is a key point in the CDIO model. However, some respondents argue that a good plan is 
no guarantee for a good implementation, and that there may be good implementations 
without explicit plans or documentation. In this sense, they seem to feel that they get a lower 
rating than they deserve. “There was great importance attached to writing things down. In the 
long run that is reasonable. But you can have a system although it is not documented, and 
you can have routines, even though they are unwritten.” 
 
Some respondents also voice concerns over the meaning of concepts such as “personal and 
interpersonal skills”, “product and system development”, and “experiential learning”, and 
request definitions or specific examples: “Formulate this better. Write so a child would 
understand what is meant.” 
 
Benefits 
When asked about what was positive about the standards, it is clear that the focus on 
systematic planning and documentation is perceived as new and useful. Managing the 
program guided by the standards is seen as superior compared to other “management” 
techniques that are hinted at, such as depending on chance or fighting fires: “The most 
obvious advantage is that the standards are systematic and good! You get an explicit 
structure for the work; you can get a basis for decision and renewal. And when you have 
decided that this is what we mean by engineering education, you can manage much more 
clearly.” (interview). “The most obvious advantage is - without doubt - the holistic 
assessment. This is evidently a management tool. It gives a general impression of the 
programme, and whether there is a systematic approach or if it is just… a matter of chance 
what happens.” (interview) 
 
Within the framework of a systematic approach the respondents’ further point to specific 
aspects that are supported, such as the advantage of having a clear set of guidelines to 
support decisions and follow-up. “The standards support decision-making because there is 
always discussion when you want to develop and change things. If we can agree that it is 
desirable for the program to address this, you can conclude that this must then be changed 
or removed; we must do it this way. Then you don’t change things so randomly, but the 
structure is very clear. It gives us clear reasons why we want certain courses to change, 
what it is that we want to achieve.” (interview). This is underlined by the data from the survey 
which strongly supports the notion that program changes made according to the CDIO would 
improve program quality (figure 6, statement 10). 
 
The format of the self-evaluation where the rating of each standard is backed with evidence 
and needs for actions are identified is described as giving a good agenda for implementing 
and following up on the change process. “We would have found out a lot of this [on our own], 
but [using the standards] made it more explicit, more specific. It was also a help to actually 
analyse what measures to take, an action plan where the measures are related to what we 
want to achieve, related to these standards and our assessment of fulfilment.” (interview) 
"What I learned was to structure [program development] and divide it into parts that can 
actually be tackled practically. It is a clear help to divide this into manageable processes. 
Then I can prioritize down some of the processes because other parts are more important 
right now. And I can leave some things, like competence development, to other actors. But 
then that becomes explicit in a different way, which is positive." (interview) 
Other benefits mentioned include that the standards highlight the professional role of an 
engineer and promote integrated learning. 
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Limitations 
Whilst the CDIO standards gives a framework for capturing the domain-independent, 
“generic”, competencies expected from future engineers, the idea is also that the 
development of such skills goes hand-in-hand with the development of disciplinary 
knowledge. However, many respondents indicate concerns with the perceived focus on 
personal, interpersonal and product and system development and deployment skills. Their 
impression seems to be that the considerations of disciplinary knowledge and the connection 
to research are weak. The respondents indicated that they felt that disciplinary strengths, and 
research perspective, should be appreciated in the evaluation, rather than taken for granted. 
Especially if one of the purposes of the evaluation is to compare programs from different 
universities, the respondents from universities with strong research environments wanted the 
evaluation to reflect also their traditional strengths. “[The standards] capture a certain aspect 
of a program …; what you need in addition to [disciplinary knowledge] to be a good engineer. 
I think the standards focus on this addition, that’s how I perceive them. But it is taken for 
granted that you have well functioning disciplinary activities. But that is not the case in all 
programs.” (interview).  There were, however, also respondents who could see good reasons 
for this focus: “The connection to research is hardly mentioned, and that feels a bit distorted. 
But at the same time [the standards reflect] things that we are traditionally bad at. It is a good 
way to focus on that. Because as program chairman it is your job to always say: “think about 
the overall picture”, “what are they going to work with and what knowledge do they need”. 
But you don’t have to nag them about disciplinary knowledge. That comes automatically 
because they are faculty’s own interest. First and foremost they think about the disciplinary 
content. It is already in place, but all the other things are not as evidently there.” (interview)”. 
This points to the need to complement the CDIO standards with other instruments in an 
overall evaluation, and to make its role in the context clear. 
 
Many respondents emphasize the need to view the evaluation exercise as a support for 
quality enhancement processes, rather than quality assurance. The scale is not considered 
useful for rating a program in absolute terms, and compare ratings. “I very much approve of 
using a quantitative model for the evaluation. It is not so much about whether it actually is a 
“3” or a “2”, but it is about having to think about it. If you rate yourself higher next time that 
means something must have happened. Then you must reflect on how to motivate it.” 
(interview)  “The most obvious disadvantage is if we start making comparisons with these 
numbers, and say that 27 is worse than 32. I’d like to see this as a development tool, rather 
than a ranking system.” (interview) 
 
There are some topics in the Standards where the outcomes of a program evaluation to a 
large extent depend on the organization and structure of the university. The most important 
topic of the kind is the competence of the faculty, as discussed in Standards 9 and 10. At 
several universities the engineering programs are managed by cross-departmental program 
boards (or similar), while a faculty member belong to a particular department. Using the self-
evaluation data as evidence, the program can exert influence also on the departments and 
higher levels of the university, but it may still be a tough challenge for a program to have a 
real impact on faculty recruitment and competence development, and other issues that are 
owned by the departments. 

CONCLUSIONS 

In the Swedish national evaluation of engineering degree programs a modified version of the 
CDIO standards has been used to evaluate about 100 engineering programs. Survey and 
interview results indicate that the standards are relevant and applicable for a wider range of 
programs than have earlier used the standards, and, that making changing towards 
implementing the standards would improve program quality. The survey results also indicate 
that the standards most important benefit is that they provide a basis for systematic program 
development. Challenging issues when doing a CDIO standards-based self-evaluation 
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include interpreting standard one in the context of the science and technological domain in 
question and the proper use of the rating scale. There are also concerns that the fact that 
mainly the program’s actions to develop personal, interpersonal and product and system 
development and deployment skills are visible in the evaluation does not do justice to its 
attention to disciplinary skills and connections to research. This points to the need to 
complement the CDIO standards with other instruments in an overall evaluation, and to make 
its role in the context clear. 
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ABSTRACT 

It is discussed how a project model can be used for assessment of CDIO skills in Design-Build-
Test courses.  A project model offers a structured method for carrying out projects and gives the 
students experience of project work under industry like conditions. The different phases, 
activities, and documents in the project model enable assessment of a large number of topics in 
the CDIO Syllabus.   
                                                                                                                                                                  
INTRODUCTION 
 
The Applied Physics and Electrical Engineering (Y) program at Linköping university, Sweden 
has been participating in the CDIO Initiative since the second half of 2000. One result of the 
participation is the LIPS model (Linköping project management) model, which has been 
designed to support the CDIO concept and to introduce a professional project management 
approach in the academic environment.  
 
A primary reason for using a project model in engineering education is that the students shall be 
exposed to work methods used in industry. A secondary reason is that a project model provides 
a useful tool for assessment of the skills of the students. This paper will show that a project 
model contains a number of tools and components that can be used for assessment of CDIO 
skills in Design-Build-Test courses.  
 
The paper starts by a brief discussion about the desired knowledge and skills as specified by 
the CDIO Syllabus. In the following section the LIPS model is presented briefly, and this is 
followed by a discussion about how a project model supports the assessment of CDIO skills. In 
the following sections the three phases of a project are discussed with emphasis on how various 
topics in the CDIO Syllabus relate to the activities in each phase. The paper ends by some 
concluding remarks.  
 
The discussion in this paper implicitly has a Design-Build-Test course within electrical 
engineering as background, and this influences some of the topics in the CDIO Syllabus that are 
addressed. In other types of projects other topics will be relevant.    
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THE CDIO SKILLS 
 
One of the fundamental documents within the CDIO Initiative is the CDIO Syllabus [1], which is 
a specification of the desired knowledge and skills of an engineer. The expression "CDIO skills" 
is often used as a short form for "personal, interpersonal and product and system building 
skills", and this is the expression used in the CDIO Standards [2]. The CDIO skills correspond to 
sections 2 (Personal and professional skills and attributes), 3 (Interpersonal skills: Teamwork 
and communication), and 4 (Conceiving, designing, implementing, and operating systems in the 
enterprise and societal context) of the CDIO Syllabus.  
 
A key idea in the CDIO Initiative is to aim for integrated learning, which means learning 
experiences where disciplinary knowledge and CDIO skills are obtained simultaneously. See #3 
in the CDIO Standards.  For team based Design-Build-Test courses this means that all sections 
of the CDIO Syllabus are relevant and need to be assessed, but in this paper the main interest 
will be on Sections 3 and 4 of the Syllabus. The paper will discuss how these topics can be 
assessed using a project model. In particular the LIPS model [3] will be discussed, but the 
discussion is not restricted to this particular choice of project model. 
 
THE LIPS PROJECT MODEL 
 
The LIPS model [3] is designed according to modern industrial project models and adapted for 
use in education or in small industry projects.  It can be used for any type of project, 
independent of the project outcome. The tasks described in the model are used for steering the 
work towards the predefined goals and for facilitating control of the work. The model introduces 
the phases, definitions and decision flow needed for running a project in an efficient way. The 
three steps of the model describe the project preparation and planning, the project execution 
and the project delivery and evaluation phase. The model also includes descriptions of 
activities, roles and communication flows in a project.  
 
The project model has been developed as a result of the participation in the CDIO Initiative. 
Originally it was introduced in a sequence of project courses within the Applied Physics and 
Electrical Engineering program at Linköping University, see [4]. The model has also been 
introduced in courses in, for example, the Computer Science and Engineering program and the 
Engineering Biology program. 
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Figure 1: Structure of the LIPS model. 
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The different project documents are described and exemplified by electronic templates. The 
templates also include instructions and example of headlines. The aim is to decrease the time to 
produce and review the documents. Examples of documents are requirement specification, 
project plan, time plan, status report, meeting minutes and project reflection document. The use 
of milestones and tollgates is introduced. The dynamics in a project is trained by the use of a 
sponsor- executor relation. At defined tollgates the students are required to deliver documents 
etc. to get approval for entering the next phase in the project. The model is scalable and can be 
applied to project courses with differing levels of complexity. It is particularly suitable for final 
year projects, although it can equally well be applied from first year undergraduate to small 
industrial projects. 
 
Using the project model one can clearly differ between the assessment of the process and the 
assessment of the practical result of the project. There are a large number of aspects of team-
based project courses that can be assessed. The list below shows some of the aspects that can 
be assessed using the project model. 
 
Planning: 

• How is the planning done?  
• Is there enough time planned for the different steps?  
• Has the planning been checked lately?  
• Are there planned test activities? 

Design process: 
• Is there a good system design before going into details?  
• Is the design innovative?  
• Does the process include several design generations? 

Resource management: 
• Has the planning been changed due to new conditions?  
• Is the workload spread out in the group?  
• Has the group and the individuals spent the planned time on the activities?  
• Does the time reports match the planning?  
• How did the group adapt to detected problems?  

Communication: 
• How did the communication between the project members take place?  
• How was the communication between the group and the sponsor?  

Documentation: 
• Are project documents delivered on schedule? 
• What is the quality of the documents?  
• Has the group reviewed the documents?  
• How many versions are there before an accepted version is available?  
• Is there a good documentation of the project outcome?  
• Are there test protocols? 

Technical result: 
• Is the project outcome accepted and checked against the requirement specification? 

Reflection: 
• Have the students analysed the process in a reflection document?  
• What is the quality of the discussion in this document?  
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ASSESSING CDIO SKILLS USING A PROJECT MODEL 
 
A primary reason for using a project model in engineering education is that the students shall be 
exposed to work methods used in industry. A secondary reason is that a project model provides 
a useful tool for assessment of the skills of the students. We will here discuss how a number of 
elements in the project model can be used for assessment of CDIO skills in Design-Build-Test 
courses. The section will deal with general topics, and in the following sections the different 
phases of the project model will be discussed in some more detail.  Assessment of knowledge 
and skills in project based courses is an issue that has received considerable interest, and 
some recent contributions are presented in [5] and [6].  
 
Section 3 of the CDIO Syllabus is closely connected to the process objectives in a Design-Build-
Test course, and the issues 3.1 (Teamwork) and 3.2 (Communication) are central throughout 
the entire course. The assessment of the teamwork is supported by the project model both 
directly and indirectly.   
 
The direct assessment of 3.1 (Teamwork), and its subsections, is supported by the clear 
definitions of the roles in the project group. A well functioning team requires clearly specified 
roles for each team member 3.1.1 (Forming effective teams). This is one of the first steps when 
using a project model. The roles within the team and with respect to the customer, technical 
experts, etc, are defined. In connection to the formation of the group the members can agree 
upon a group contract which specifies the rules in the group, responsibilities and how to handle 
conflicts. The project process requires several types of leaderships. There are of course a 
project manager but there are also often team leaders for sub tasks.  
 
The team operation can also be assessed using weekly time and status reports to the customer 
on the progress in the project and difficulties that have been encountered.  Such reports can 
easily be generated using one of the document templates in the project model. The reports 
enable early discovery of conflicts, problems with leadership or other problems within the team 
3.1.2 (Team operation) and 3.1.4 (Leadership). The project model also contains a reflection 
document as a mandatory part. This document is written as the last step in the project and 
contributes to the evaluation of the teamwork 3.1.3 (Team growth and evolution). A project 
model specifies several tollgates, at which the customer evaluates the results of the project. The 
use of tollgates hence enables a continuous assessment of the work.  
 
The communication is essential in the project, both within the project group and with the 
customer.  The project model contains a large number of documents, supported by templates, 
which are relevant for a project. Depending on the complexity of the project task the customer 
determines which documents that are required. A minimum level is to use requirement 
specification, project and time plan and reflection document.  All documents have to be 
approved by the sponsor. The approval depends on both the technical contents and the quality 
of the language. The production and review procedure of these hence give a thorough 
assessment of several of the issues in Subsection 3.2 (Communications) of the Syllabus.  
 
ASSESSMENT IN THE BEFORE PHASE  
 
The before phase is described in some detail in the Figure 2. The project is initiated by an idea 
defined in a project directive, which is the first document in the before phase. The aim of the 
before phase is to investigate what you are going to do, and how you are going to do it.  During 
the pre-study, the prerequisites for running the project are evaluated, and the project directive is 
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translated into more concrete demands for what should be done; this is known as the 
requirement specification. The requirement specification includes functional requirements as 
well as requirements of performance, economy, delivery, documentation etc. Completion of this 
process brings the project to milestone 1 (MS1). The result of the pre-study is delivered to the 
sponsor, who will decide if the project is allowed to continue (TG1).  
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Figure 2: The Before phase . 
 
During the preparation process, the requirements are studied and a description of how to 
execute the project task is documented in a system drawing. The next task is the preparation of 
a detailed project plan. Within the plan, the project organization and phases are described and 
all activities are identified and their duration estimated. The project plan will define how often 
meetings are to be held, and how often status reports are to be given to the sponsor. It must 
include a resource plan and a time plan, and in some cases a quality plan and a test plan are 
also included. The resource plan shows the available resources, and when they are available. 
The time plan is a detailed description of when each activity is to be executed. It shows 
dependencies between activities as well as the duration of each activity.The project has now 
reached milestone 2 (MS2). The specifications and plans are delivered to the sponsor, who will 
decide if the execution phase of the project can proceed (TG2). 
 
The before phase is closely connected to the Syllabus Section 4.3 (Conceiving and engineering 
systems), and several topics in the project model support the assessment. Setting system goals 
and requirements (Topic 4.3.1) can, using e.g. the LIPS model, be done on three different 
levels. One level is the Project directive where the task is specified in general terms. The 
second level is the Requirement specification, in which the technical requirements are specified 
in detail. The third level is in the Project plan where the global project goals are defined in 
relation to the functional requirements. The alternative levels give the examiner of a Design-
Build-Test course possibility to select a suitable start level. Letting the student group start from a 
project directive and develop the requirement specification gives a direct assessment of several 
issues in Section 4.3.   
 
As mentioned, the before phase includes writing a System drawing and a Project plan, which 
has to be approved by the sponsor at a tollgate. The system drawing is a preliminary design, 
made to identify how the system is to be built and the included work blocks. This includes 
technical collaboration with team members, 3.1.5 (Technical teaming), and the first steps in the 
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design process, 4.3.2 (Defining function, concept and architecture). The project plan includes 
topics from 4.3.1 (Setting system goals and requirements), 4.3.4 (Development project 
management) and 4.4.2 (The design process phasing and approaches). In addition to that, the 
definition of activities and assignment of people for the activities in the project plan provides an 
assessment of 3.1.2 (Team operation). 
 
This phase also includes negotiation with the sposor about requirements, resources, delivery 
times etc. This is done both orally and in written form and these activities are related to the 
topics 3.2.1 (Communication strategy), 3.2.2 (Communication structure) and 3.2.3 (Written 
communication).   
 
ASSESSMENT IN THE DURING PHASE 
 
Figure 3 shows the different steps and documents in the During phase.  
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Figure 3: The During phase. 

 
Activities performed within the during phase lead to the project results. Depending on the work 
model in use, different documents and activities will be executed. A number of milestones are 
required during the execution phase, since this phase often has a significant duration. Sub-
goals will be required to effectively execute and assess the project. Unforeseen problems will 
almost certainly arise during the execution phase and the ability to rapidly handle deviations is 
of the utmost importance to the success of the project. The execution phase is completed with a 
tollgate, TG5, at which a decision is made on the suitability of the results and if the final phase 
of the project can commence. 
 
To a large extent this phase corresponds to the Design and Implement steps, represented by 
Sections 4.4 and 4.5 in the Syllabus. The topics in these sections can be assessed using the 
documents and activities in this phase. The design specification can for instance be used to 
assess the initial design, 4.4.1 (The design process). Since the design specification 
continuously develops, it can also be used to track the evolution of the design, 4.4.2 (The 
design process phasing and approaches), creative thinking, 4.4.3 (Utilisation of knowledge in 
design) and analytical refinement of the design, 4.4.4 (Disciplinary design).  
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A more detailed planning of the implementation phase, 4.5.1 (Designing the implementation 
process), can be assessed at tollgate 3. The implementation of the system in hardware and 
software (4.5.3 and 4.5.4) can be assessed at the milestones and by the technical 
documentation. The technical documentation, user manuals, etc., can also be used to assess 
written communication (3.2.3) Test, verification and validation (4.5.5) can be assessed by the 
test specifications and the test protocols. Also here the tollgates and the time and status reports 
enable continuous assessment of the project work.  
 
ASSESSMENT IN THE AFTER PHASE 
 
The after phase is depicted in Figure 4 below. 
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Figure 4: The After phase. 
 
During the after phase, the project outcome is transferred to the sponsor, and the project is 
closed. The functionality of the project outcome has been tested in the during-phase. The after 
phase may include installation at the customer site of the finished product. After installation the 
customer will conduct an acceptance test, in which the results are evaluated against the 
requirement. Other tasks to be conducted in this phase include education of the customer’s staff 
and project evaluation. The project evaluation is documented in a reflection document. In an 
industrial project, there is also a final report, where the suitability of the goals and economics 
are evaluated. 
 
The transfer or the project result to the sponsor often includes a presentation, which can be 
used to assess electronic/Multimedia communication and oral presentation (3.2.4 and 3.2.6). 
The after phase is also, to some extent, connected to Section 4.6 (Operation) of the Syllabus, 
e.g. concerning education of the customer. An important document in this phase is the reflection 
document, which supports the issue of Team growth and evolution (3.1.3). 
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CONCLUSIONS 
 
It has been discussed how the use of a project model supports the assessment of CDIO skills, 
i.e. personal, interpersonal and product and system building skills, in Design-Build-Test courses. 
The project model is useful for assessing the process and the technical contents. The different 
elements, activities and documents are particularly well suited for assessment of sections 3 and 
4.3 - 4.6 in the CDIO Syllabus. 
 
Even though the outcomes from a Design-Build-Test course are results from a team effort they 
rely on the contributions from each individual team member. From the definition of activities in 
the before phase and the allocation of persons to the activities there is a clear connection 
between the outcome from a particular activity and a team member. This enables assessment 
of topics in Section 2 (Personal skills and attitudes), like e.g.  2.4.1 (Initiative and willingness to 
take risks),  2.4.3 (Creative thinking), 2.4.5 (Awareness of ones personal knowledge, skills and 
attitudes), and 2.4.7 (Time and resource management). 
 
It is also obvious that the quality of the technical result rely on the technical knowledge of the 
team members, and the fulfillment of the requirement specification will be an assessment of the 
topics 1.2 (Core engineering fundamental knowledge) and 1.3 (Advanced engineering 
fundamental knowledge).  
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ABSTRACT 
 
One part of the implementation of the CDIO concept at Linköping University is to develop and 
improve the tools for assessment of student knowledge and skills. As an assessment tool and 
as a quality management method at Linköping University the Balanced Scorecard is used. The 
method is also introduced as a CDIO assessment tool. At program level, Linköping University 
uses three surveys to meet demands within the Balanced Scorecard. An Introduction survey for 
beginners, a satisfactory survey for students in the middle of the program and an alumni-survey 
for engineers who have taken their degrees 10 years ago and 2 years ago are used. The 
satisfactory and the alumni surveys are developed and implemented during 2004- spring 
2005.The alumni survey gives baseline knowledge of the engineer situation before the CDIO-
concept and makes it possible to, within some years, evaluate the effects of the participation in 
the CDIO initiative. The alumni survey is developed from the CDIO Syllabus [1] emphasizing 
personal skills, interpersonal skills and the CDIO view of engineering complemented by 
questions concerning the engineering labour market. Questions were asked about occupation, 
salary, satisfaction with their education, satisfaction with the content of the program they 
graduated from, implementation of the program, the performance of the teachers, etc. The 
survey covers a broad spectrum of subjects as 9 programs are involved. Mechanical 
Engineering, Applied Physics and Electrical Engineering, Industrial Engineering and 
Management, Computer Science and Engineering, Engineering Biology, Information 
Technology, Media Technology and Engineering, Communication and Transportation 
Engineering and Electronics Design Engineering. 

 

INTRODUCTION 
 
During 2001 a benchmarking project between Chalmers Institute of Technology (CTH) and 
Linköping University (LiU) in Sweden was initiated. One purpose of the benchmarking project 
was to develop methods to compare similar educational programs and their processes at CTH 
and LiU. A part of the project was to get knowledge of how satisfied the alumni are with their 
education and if it fulfils the demands of the labour market. 
 
As an assessment tool and as a quality management method at Linköping University the 
“Balanced Scorecard” is used. The method is also introduced as a CDIO assessment tool. To 
measure beginners´ expectancies, the third year students´ satisfaction and the alumni 
satisfaction with the educational program surveys have been used as a tool. At LiU a 
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questionnaire was developed and used for the first time in December 2004 and in January 
2005. 
 
Linköping University and the Applied physics and Electrical Engineering program (Y) have been 
participating in the CDIO project since fall 2000. Implementation of CDIO courses in the 
program started in 2002, [2]. In 2005, the board of the faculty of engineering and science at 
Linköping University decided on a recommendation that all engineering programs should aim to 
fulfil the CDIO Standards. In 2006 the first “CDIO” students from Linköping will be awarded their 
degrees. To measure if the CDIO initiative has improved the educational programs and the 
students´ future career is facilitated, this alumni survey can be used as a baseline. 

 

METHOD 
 
The Study Group 
All students who were awarded their Master of Science in Engineering degree in 1994 and year 
2002 were selected from the student administrative system in Sweden “LADOK”. The ED-, KTS-
, MT- and TB programs are quite new so for those programs all graduated students were 
selected. Since the survey covers programs within different subjects and graduates of different 
age it enables comparisons in several dimensions. The number of questionnaires for each 
program and answer rate can seen in the table below. 

 
Table 1: Survey overview 

Program Questionnaires sent out Answers % 
MSc in Computer Science and Engineering (D) 119 54 45 
MSc in Electronics Design Engineering (ED) 98 53 54 
MSc in Industrial Engineering and Management (I) 327 159 49 
MSc in Information Technology (IT) 69 39 57 
MSc in Communication and Transport Engineering (KTS) 115 69 60 
MSc in Mechanical Engineering (M) 237 113 48 
MSc in Media Technology and Engineering (MT) 135 62 46 
MSc in Engineering Biology (TB) 194 124 64 
MSc in Applied Physics and Electrical Engineering (Y) 250 155 62 
Total 1544 828 54 

 
 
The Survey 
The questionnaire consists of a joint part and a part specific for each program involved. The 
extent joint part consists of questions about: 

– age, sex, degree, time of studies etc 
– the study group as age, sex, degree, time of studies etc 
– employment as kind of work, size of company, salary, etc 
– special requirements of additional courses  
– the educational program content 
– how the courses are carried out 
– possibility to influence the planning and realization of the education 
– achieved knowledge and skills, useful in working life 
– level of satisfaction 

The specific questions about the programs are about the specializations and about specific 
courses. When the survey questionnaire was formulated the CDIO syllabus, the National 
Agency for Higher Education report 2003:30R, a questionnaire regarding salary and 
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employment from the Swedish Association of Graduate Engineers (Civilingenjörsförbundet) and 
a questionnaire used at the Industrial Engineering and Management program were used as 
sources. The joint part of the final survey questionnaire was discussed among the program 
board chairmen. The program board chairman and the director of studies for each program 
formulated the specific program questions. 

 

ANALYSIS 
 
The Study Group 
The main part of the alumni in the “study group 1994” is 35-40 years old and the main part of 
the alumni in “study group 2002” is 26-30 years old. The male students dominate all engineering 
programs except Engineering Biology (TB) 

 
Table 2: The study group sorted according to program and year of graduation. 

“Study group 1994” D I M TB Y 
Male % 90 75 85 33 88 
Female % 10 25 15 67 12 

 
“Study group 2002” D ED I IT KTS M MT TB Y 
Male % 100 87 64 56 74 82 55 44 90 
Female % 0 13 36 44 26 18 45 56 10 

 
The median for throughput is 5 years, which means there are students who spend even more 
time to graduate. The nominal time is 4.5 years. It is important to know why they take such a 
long time. Do they e.g. take “time off” before they graduate or do they have difficulties with their 
studies? The result from the alumni survey shows that “time off” from studies is common. Only 
55% in the “Study group 1994” did not have any time off and the corresponding value for the 
“Study group 2002” is 48 %. During the time off from their program the students travelled, 
worked, studied abroad or took other courses other than in technical subjects.  
 
One aim for LiU is to give the students the possibility to live in an international environment in 
order to strengthen their ability to work internationally. The students also should have a 
possibility to gain knowledge and understanding for foreign cultures and to be able to 
communicate in a foreign language. Therefore they can apply for studies at an international 
university through the exchange programs at the university. 10 % of the alumni in “Study group 
1994” have been studying abroad, within the program, one to two semesters and for the “Study 
group 2002” is the corresponding value is 22 % which is a clear increase.  

 
Table 3: Students with 1 - 2 semesters of studies abroad (values in %). 

 D I M Y 
Study group 1994 17 8 6 12 
Study group 2002 17 34 21 24 

 
 

In the survey, there are questions about all kind of activities that may influence the throughput 
time. Most of the activities are important to the student´s personal development. Many students 
have lots of different activities going on. Most frequent is participating in the student union (35% 
of the alumni in “Study group 1994” and 41% in “Study group 2002”). 31% and 36% respectively 
were active in sports and 17% and 22% respectively have been teaching assistants in courses.  
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The following table shows the salary for alumni who have followed the four main programs. 54 
D-alumni, 158 I-alumni, 112 M-alumni and 153 Y-alumni answered the question about salary. 
For the persons graduating 1994 the I-program seem to have reached the highest salaries. 
Noticeable is also that for the group graduating 2002 the Y-program has the biggest percentage 
in the lowest interval. A possible explanation is the relatively high percentage of students from 
this program entering PhD studies.  
 

Table 4: Salary distribution (%). When the sum of percentages in a column is less than 100 
this means that some persons have chosen not to answer this question. 

 
D  

1994 
D 

 2002 
I  

1994 
I  

2002 
M 

1994 
M 

2002 
Y  

1994 
Y 

 2002 
< 300000 SEK, % 0 29 3 24 0 18 3 38 
300000 to 500000 SEK, % 63 63 34 71 52 76 63 53 
> 500000 SEK; % 33 0 59 4 48 3 32 6 

 
Many of the students have academic studies in addition to their MSc in Engineering. 15% of the 
alumni from the Y-program have postgraduate studies, which is perhaps one explanation for the 
low salary showed in the table above. 18% of the IT-program students have further courses in 
economics. Studies in foreign languages and/or technical subjects are also frequent. 
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Figure 2: Alumni with some kind of further education in addition to MSc in engineering. 

 
 
 
 
Alumni opinion about educational content 
The next set of questions is about the design and implementation of the programs. The CDIO 
concept was implemented after these students graduated and therefore the answers on this 
survey can be compared with later surveys, in a couple of years. Is there a need for CDIO or 
other actions in the program? Has the program been successful to take actions against lack of, 
e.g. CDIO? 
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“I got sufficient knowledge and skills in…:” To what extent do you agree in the statements? I do 
not agree =1, I completely agree =5. 

 
Table 5: Opinions about the contents of the education. 

 D ED I IT KTS M MT TB Y 
Mathematics 4.6 4.1 4.6 4.5 4.3 4.4 3.9 4.3 4.8 
Technical Subjects 4.2 3.6 3.8 3.9 3.6 3.9 3.5 3.7 4.2 
Economics 2.5 2.8 4.0 3.0 2.8 2.7 2.6 1.9 2.5 
Conceive, Design products 
systems or services 

3.3 3.5 3.1 3.2 2.6 3.2 2.7 2.2 2.6 

Implement and Operate 
products, systems and 
services 

2.5 2.4 2.7 2.5 2.4 2.6 2.3 1.9 2.2 

Problem solving 4.3 4.0 4.4 4.7 4.2 4.3 4.1 4.1 4.4 
Individual work 4.2 4.1 4.4 4.6 4.4 4.3 4.1 4.1 4.2 
Teamwork 3.7 4.5 4.5 4.8 4.6 4.0 4.5 3.9 3.3 
Leadership 2.3 3.5 3.0 3.5 3.4 2.5 3.3 2.2 2.1 
Creative thinking 3.5 3.6 3.5 4.1 3.6 3.7 3.7 3.2 3.5 
Critical thinking 3.3 3.7 3.8 3.4 3.9 3.6 3.4 3.6 3.5 
Foreign language 2.4 2.7 2.8 3.0 2.8 2.5 2.8 2.5 2.5 
Oral Communication 2.8 3.8 3.7 4.2 3.9 3.1 3.8 3.1 2.5 
Written Communication 3.2 3.8 4.0 4.3 4.0 3.6 3.9 3.3 2.8 
Project work 3.6 4.5 4.2 4.5 4.4 3.7 4.2 3.3 2.7 

 
Students in engineering programs at LiU are strong in mathematics, problem solving and 
individual work. There is a need for additional knowledge and skills in economics, “implement 
and operate” and foreign languages. Some programs lack courses in leadership. Knowledge 
and skills in “conceive and design” is not sufficient. The Information technology (IT) is a program 
which uses problem based learning (PBL) as an educational method, and this is a possible 
explanation of the high rating on Teamwork for this program. This is a also the case for 
Electronics design (ED), Communication and Transport systems (KTS) and Media technology 
(MT), and this can be explained by the fact that these programs were designed with the 
ambition to integrate such skills in the program.  
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To what extent do you agree in the statements?  
I do not agree =1, I completely agree =5. 
 

Table 6: Opinions about the studies in general. 
 D ED I IT KTS M MT TB Y 

I enjoyed the time at the university. 4.1 4.3 4.3 4.4 4.4 4.2 4.4 4.3 4.2
I am very satisfied with the education I got 
within the program. 

3.9 3.3 4.2 4.2 3.6 3.9 3.5 3.9 4.1

My current position is a result of the 
education I got within the program. 

3.6 3.0 3.9 3.8 3.6 3.7 3.2 3.7 3.9

I got sufficient contact with industry during 
my studies.  

2.5 2.6 3.1 2.6 2.3 2.6 2.0 2.3 2.4

During my studies I got in contact with a 
large number of students and can benefit 
from that in my work. 

2.3 2.4 2.8 3.2 2.5 2.5 2.6 2.9 2.5

I am satisfied with my current work situation. 3.5 3.3 3.9 4.0 3.5 3.8 3.4 3.6 3.9
After having finished my studies I felt well 
prepared for work life. 

3.5 3.1 3.7 3.5 3.3 3.4 3.1 3.2 3.4

 
Most of the alumni are satisfied with their time at the university and their studies but would have 
liked to have more contact with industry during the study time. The networks between alumni 
are not strong. Linköping Institute of Technology, (founded 1969) is a faculty of Linköping 
University (LiU) and in recent years efforts are made to build an alumni-network with invitations 
to many activities.  

 
To what extent do you agree in the statements?  
I do not agree =1, I completely agree =5.  
The following programs have graduated students in study group 2002. 
 

Table 7: Opinions about the curriculum and teaching and learning quality for the "new" 
programs. 

 ED IT KTS MT TB 
I think the program design was 
good ( lectures, lessons, labs etc,) 

3.5 3.9 3.8 3.6 3.75 

I think the quality of the program 
was good 

3.2 4.2 3.5 3.2 4.0 

I think the teachers’ knowledge of 
the subject was good 

3.6 4.3 3.6 3.5 4.1 

I think the teachers’ knowledge of 
teaching methods and learning was 
good 

2.9 3.4 3.2 3.2 3.3 

I think the contact between 
teachers and students was good 

4.0 4.2 4.1 4.0 3.7 

 
 
Table 7 reveals the phenomenon that new programs often have initial problems. The 

students who graduated in the study group 2002 were among the first students who graduated 
from the program. Table 8 shows the corresponding data for the other programs. It contains 
data for students who graduated 1994 or 2002. The figures for the program quality are higher 
compared to Table 7. 
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Table 8: Opinions about the curriculum and teaching and learning quality for the “old” 
programs. 

 D 
1994 

D 
2002 

I  
1994 

I  
2002 

M 
1994 

M 
2002 

Y 
1994 

Y 
2002 

The program design was good 
(lectures, lessons, labs etc,) 

3.6 3.9 3.8 3.8 3.8. 3.7 3.9 3.8

The quality of the program was 
good 

4.2 4.1 4.2 4.2 4.0 3.9 4.3 4.1

The teachers’ knowledge of the 
subject was good 

4.3 4.0 3.9 4.1 4.0 4.1 4.4 4.2

The teachers’ knowledge of 
teaching methods and learning was 
good 

3 3.2 3.3 3.2 3.1 2.9 3.2 3.1

The contact between teachers and 
students was good 

3.5 3.3 3.5 3.5 3.8 3.4 3.6 3.4

 
 

The following programs have graduated students in study group 2002. 
 

Table 9a: Further opinions about the education for the "new" programs. 
 ED IT KTS MT TB 

I had good possibilities to influence 
the design of my program 

3.2 3.6 3.7 3.5 2.7 

My program specialization is of 
great importance for my work 

2.9 3.8 3.7 3.3 3.7 

If I had the opportunity to chose 
educational program today my 
choice had been the same 

2.9 4.2 3.7 3.3 3.3 

 
The following programs have graduated students in study groups 1994 and 2002. 

 
Table 9b: Further opinions about the education for the “old” programs. 

 D 
1994 

D 
2002 

I 1994 I 2002 M 
1994 

M 
2002 

Y 
1994 

Y 
2002 

I had good possibilities to influence 
the design of my program 

2.9 3.0 3.3 3.4 3.1 3.5 3.2 3.3 

My program specialization is of 
great importance for my work 

3.5 3.7 3.7 3.6 4.0 3.7 3.6 3.7 

If I had the opportunity to chose 
educational program today my 
choice had been the same 

3.5 4.4 4.3 4.2 4.1 3.7 4.0 4.2 

 
Students at LiU have student representatives in the university board and in the program boards. 
They also have representatives in almost every working group nominated by the program board. 
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“To what extent do you agree in the statements below?”  
I do not agree = 1, I completely agree=5 
 

Table 10:Overall judgement of the education. 
 D ED I IT KTS M MT TB Y 

I am satisfied with the contents of 
my education. 

4.0 3.4 4.2 4.3 3.6 3.9 3.4 3.9 4.2 

I am satisfied with the way the 
education was carried out. 

3.9 3.2 4.1 4.1 3.7 3.9 3.3 3.8 4.0 

My education is relevant for my 
work. 

4.0 3.6 4.3 4.3 3.9 3.9 3.4 3.7 4.0 

 
On the whole, the alumni are satisfied with their educational programs. Some weaknesses have 
been recognized and steps are taken. The CDIO implementation work can strengthen the 
programs and the result of this work can be assessed in a couple of years. 

 

CONCLUSIONS 
 
Some results from a large alumni survey carried out at Linköping University have been 
presented. The survey covers nine different engineering programs representing different 
disciplines. Both the established programs and the newer programs are represented. We have 
identified certain areas to develop. These areas are well compatible with the CDIO project. A 
written survey covers only certain areas of interest. It could be completed with interviews of a 
smaller selected group of alumni.  
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	a. Resume of flight dynamics principles for fixed and rotary wing aircraft (building on year 3 material) 
	b. Introduction to handling qualities and HQ specifications and Levels 
	c. an understanding of the uses of HQ rating scales 
	Practical Skills: On completion of the module, students should be able to show experience and enhancement of the following discipline-specific practical skills: 
	 
	General Transferable Skills: On completion of the module, students should be able to show experience and enhancement of the following key skills: 
	Assessment
	Weighting %
	Team’s oral presentation 
	Each FHQ Team is provided with a short description of their aircraft and its operational role, defined to stretch its capability.  The aircraft have no stability and control augmentation at the outset and it is known that pilots will experience various levels of difficulty in performing the defined mission.  Handling qualities and pilot difficulty are measured in Levels, 1-4, where, broadly speaking, Level 1 means that the pilot is able to achieve the defined mission well with safety and performance standards.   Level 2 means that the standards are only just achievable and pilot workload is, at worst, extensive.  Level 3 means that the mission tasks are not achievable and in Level 4, there is a high risk of loss of control.  By analysing the dynamic behaviour of the aircraft in response to control inputs, the teams should be able to identify where the deficiencies lie; these are the predicted HQs.  If the teams design the tests correctly, the pilot simulation tests should confirm these results and also highlight other deficiencies; these are the assigned HQs, given on a scale of 1-10 (HQR 1-3 is Level 1, 4-6 is Level 2, 7-8 is Level 3 and 9-10 is Level 4).   The design of the test manoeuvres to be flown by the pilot is critical to the whole HQ test and evaluation process.  The teams need to de-construct the aircraft missions into phases and then into mission task elements (MTEs), which serve as the basis of the test manoeuvres.  If the students identify the HQ-critical MTEs then the pilots will almost certainly discover the major deficiencies.  A key task for the students is to link the predicted and assigned HQs.  In the following sketches, the aircraft, mission and operational performance are summarised, and examples of the work of the FHQ Teams from 2005 are given. 
	 
	 Team 1 - The Bo105 in the Anti-Submarine Warfare (ASW) Role 
	 Team 2 – Bell XV-15 in Search and Rescue Role 
	 
	Team 3 – The Wright Flyer development into a Practical Aeroplane 
	 Team 4 - Grob Tutor Conversion to Combat Trainer 
	Team 5 – The UH-60 Blackhawk in the Tactical Transport Role 
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	Figure 2: Students disassembling a lawn mover engine 
	PRODUCT DEVELOPMENT BY DETERMINISTIC DESIGN  
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	ABSTRACT  
	 In the MIT Mechanical Engineering course, Introduction to Design and Manufacturing (2.007), students learn Deterministic Design, a design process similar to the scientific method approach to solving problems in the natural world.  Deterministic Design merges qualities of the scientific method with the business focus of risk assessment and countermeasures, and schedules.  We call it Deterministic Design because the method seeks to minimize unknowns, and to map out a solution path and implementation plan.  We practice it with the use of a Peer-Review Evaluation Process (PREP).  
	Idea development is a sequence of three stages: Strategies, Concepts and Modules.  At each step of creating (strategy, concept, and modules) a deterministic process occurs.  Individuals create (and write down their ideas), PREP, and then brainstorm.  It is with this crucial process, we can virtually guarantee underrepresented people will be drawn in as fully contributing members of design teams.  
	Individual Thought constitutes the first phase during each of the three stages of developing ideas.  During the second phase in developing ideas, a peer-review process is employed, where (N) people circulate their Milestone Reports to the other (N-1) people for comments.  Brainstorming is the third phase, which helps teams solve personal creativity deadlocks and helps to ensure nothing has been overlooked.  Collectively, we call these three phases the Peer-Review Evaluation Process (PREP).  It maintains the creativity of individuals and the power of teams, and provides a written record for how ideas evolve.  
	PREP is not intended to add time to the design process; it is a step that is missing from the process to reduce time, by getting everyone fully involved, and to understand what team members are doing.  
	In the MIT Mechanical Engineering course, Introduction to Design and Manufacturing (2.007), students learn Deterministic Design, a design process similar to the scientific method approach to solving problems in the natural world.  The so-called “scientific method”1 generally includes the following steps:  
	 Identify a problem  
	 Develop a hypothesis  
	 Design a controlled experiment  
	 Run the experiment and gather data  
	 Analyze the data  
	 Modify the hypothesis accordingly  
	Deterministic Design merges qualities of the scientific method with the business focus of risk assessment and countermeasures, and schedules:  
	 Observe the problem and it’s physics  
	 Develop a hypothesis/solution  
	 Use peer-review to evaluate the hypothesis and later the solutions  
	 Analyze the proposed solutions, and perform Bench Level Experiments (BLE)  
	 Study references and appraise solutions to identify the “best one”  
	 Assess the risks2  
	 Plan countermeasures  
	 Employ, examine and enhance the idea to alleviate flaws, and resort to countermeasures if falling behind schedule due to profound complexity  
	Because this method seeks to minimize unknowns, and to map out a solution path and implementation plan, we generally call it Deterministic Design, with the use of the Peer-Review Evaluation Process (PREP).  Table 1 shows how these issues are captured in a table format that students are asked to address.  
	1 Scientific Method as summarized by Slocum, A., Graham, M., and Abu-Ibrahim, F., Teaching Design With A Peer-Review Process [1].  Some see the design process as being quite different from the scientific process.  The scientific process leads to new understanding and the design process leads to new products.  However, similar processes can be used to reach different ends.   
	2 For more detail than common knowledge, or gut feeling, Failure Mode and Effect Analysis, FMEA [2], or Finite Element Analysis, FEA [3] can be used to assess the risks.  
	  
	Table 1: Functional Requirements, Design Parameters, Analysis, References, Risks and Counter-measures, also known as “FRDPARRC” (pronounced “Fred Park”) coined by Prof. Alexander Slocum at MIT. 
	Idea development is a sequence of three stages: Strategies, Concepts and Modules.  Each stage essentially requires addressing the issues in Table 1.  As shown in Figure , first strategies are determined (overall approaches to solve a problem) and then concepts are developed to implement the strategies.  Simultaneous consideration of strategies and concepts allows for the best concept to be chosen: the best strategy is the one that likely achieves the best performance with the most manageable risks.  Afterwards, the individual modules of the project are designed.  This concept of Deterministic Design still leaves a lot of room for the wild free creative spirit that inspires experimentation and play.  
	  
	Figure 1: block diagram of the stages of idea development 
	At each step of creating (strategy, concept, and modules) a deterministic process occurs.  Individuals create (and write down their ideas), PREP, and then brainstorm.  It is with this crucial process, we can virtually guarantee underrepresented people will be drawn in as fully contributing members of design teams.    
	Individual Thought constitutes the first phase during each of the three stages of developing ideas.  At this phase, things are done in leisure to inspire creative thought.  Observations are made of what other people have created, the library/web is searched, and the best are taken from different ideas to evolve them into the best two or three ideas.  The information in Table 1 is updated and Milestone Reports are created for the top ideas, in such a way that any random person can understand the ideas without any unwritten explanation.  
	During the second phase in developing ideas, a peer-review process is employed, where (N) people circulate their Milestone Reports to the other (N-1) people for comments.  A written record is thus also made of who first had the idea, so personality conflicts are more easily avoided.  No talking is allowed and written constructive comments are made on each other’s papers, until everyone has evaluated everyone else’s ideas.  This method creates a collective mind, so everybody knows what everyone else has been thinking.  
	Brainstorming is the third phase, which helps teams solve personal creativity deadlocks and helps to ensure nothing has been overlooked.  Initially, everyone voices their suggestions, and then ideas are distilled.  If there are unknowns or great risk items, rather than endless discussions, team members are sent off to gather data and run experiments.  Every decision must be made based on facts and reason, not emotion or status.  
	Collectively, we call these three phases the Peer-Review Evaluation Process (PREP).  It maintains the creativity of individuals and the power of teams, and provides a written record for how ideas evolve.  
	A team must evaluate design alternatives and various methods are well known. The simplest is a linear weighing scheme where the list of functional requirements is used as the evaluation parameter3.  A relative importance weight to each evaluation parameter is set, and one design is set as the baseline to which all others are compared by setting ones and zeros.  Once the “best” design is found, students look at other designs that have higher weights and see how those characteristics can be transferred to the “best” design to make it even better.  Evaluation of design alternatives is also compatible with QFD and other similar methods.  
	Many designers think they already do fundamental design with peer-review.  They may complain about the time they spend in meetings, presumably doing peer-review of progress on a design.  PREP is not to be used to review progress; it is a development process that ensures that the best approach is pursued, and everyone is fully contributing and taking ownership from the beginning of the project.  It is not intended to add time to the design process; it is a step that is missing from the process to reduce time, by getting everyone fully involved, and to understand what team members are doing.  
	  
	3 Prof. Stuart Pugh [4] took the approach that these sorts of methods are powerful, but engineers may spend more time creating matrices and evaluating options than they do creating ideas.  Pugh’s approach was to call for a table, now referred to as a “Pugh Chart” that lists the different ideas in the top row, and the comparison attributes or functional requirements in the left column.  A baseline idea is selected, given it a score of "0" for each attribute.  All other ideas are then compared giving them scores from "++" for far superior, to "+" for superior to "0" for equal to the baseline, to "-" for worse to "--" for much worse than the baseline.  The "best" idea is the idea with the highest score; however that does not mean that this is the idea to use as is.  Rather the goal is to then go back to the table and see which other ideas have higher individual ratings for some of the functional requirements, and then to see if their particular "++" attributes can somehow be used by the "best" idea; thus evolving the idea into a truly "best" idea.  A weighted design comparison chart uses the same basic ideas as a Pugh Chart, but it includes a weighting column for weighting the importance of the design attributes.  A compromise is to start with equal weights, and then if convergence is not reached, consider giving priority to some of the attributes.  Again, the prime purpose of the chart is to identify the most promising ideas, and then replace whatever deficient modules they have with better modules from other ideas.  
	 
	Observations  

	In teaching the MIT special program SEED Academy’s introduction to mechanical engineering course to high school freshmen in the spring of 2005, students were given complete control over every decision relating to their project, except who their teammates would be.  In picking teams, students were randomly separated into seven groups of four students.  
	After selecting the teams, students were given an individual thought assignment, later to be peer-reviewed.  Unlike previous semesters, the majority of the students in the class were female.  It was soon realized that one of the teams had 5 members and another team had 3 members.  Upon inquiring who was on the wrong team, a student raised his had and asked if he could switch teams.  His request was denied and he was asked why he wanted to be moved.  He expressed that he had problems working with female students and he happened to be the only male on the team he was assigned.  The value for minorities of deterministic design with a peer-review evaluation process was explained to him and he was promised that as long as he and his team followed the process as explained to them, gender would not be a factor.  
	A close eye was kept on the team throughout the process; they never expressed any problems between them, nor were any witnessed.  In fact, everyone on the team felt ownership of the design and stated their satisfaction with the team and their final product.  The program administrators also gave weekly updates stating that the students indicated they were very excited about their projects and working with their classmates.  Other instructors in the program, not using deterministic design with PREP, had horror stories about getting their students to work together effectively in teams.  
	In 2005, every aspect of the MIT Second Summer design workshop used deterministic design with peer review.  The project was selected by instructors and TAs who used weighted selection to finalize on a topic from lists made individually and then peer reviewed.  The topic was assigned to the students, who were given a demonstration of how to design deterministically and how to use PREP.  Below are examples of projects completed by the students over the three week time span of the program.  
	The Ponder Puzzle is an interactive learning tool, which teaches users facts about different topics, based on the particular puzzle being solved.  A puzzle of the world teaches facts about continents; a puzzle of a country teaches about states, provinces, cities, etc.; a puzzle of the human body teaches about bones, muscles, organs, etc.  Figure displays a PREP sheet of one student’s strategy that led to the team’s concept for the puzzle.  
	Figure 2: PREP of strategies for interactive puzzle.  A.Clare, R.Rudd, M.Daniels, O.Jiang, T.Wen 
	 
	 
	 
	 
	 
	4 US Patent# 5,915,869: Ergonomic Cleaning Apparatus With Multiple Scrubbing Surfaces and US Patent# 6,641,453 B1: Construction Set For Building Structures.  
	5 Journey of The Lost Souls, by Marc Graham  www.jotls.com 
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	APPENDICES  
	MIT Course 2.007 – Introduction to Design develops students' competence and self-confidence as design engineers. Emphasis on the creative design process bolstered by application of physical laws, and learning to complete projects on schedule and within budget. Synthesis, analysis, design robustness and manufacturability are emphasized. Subject relies on active learning via a major design-and-build project. Lecture topics include idea generation, estimation, concept selection, visual thinking and communication, kinematics of mechanisms, machine elements, design for manufacturing, basic electronics, and professional responsibilities and ethics. A required on-line evaluation is given at the beginning and the end of the course so students can assess their design knowledge. (http://pergatory.mit.edu/2.007/ ) 
	Figure 5: MIT Mechanical Engineering course 2.007, Introduction to Design and Manufacturing. 
	MITE2S – Minority Introduction to Engineering, Entrepreneurship and Science is a rigorous six-week summer residential program for rising high school seniors who are interested in studying and exploring careers in science, engineering and entrepreneurship. It was expanded to an all-inclusive program this summer, with a more diverse group of students. (http://web.mit.edu/mites/ ) 
	MIT Course 2.993 – Pathways to Peace teaches creative design based on the scientific method through the design, engineering, and manufacture of a detailed inlaid tile.  This is an introductory lecture/studio course designed to teach students the basic principles of design and expose them to the design process.  Throughout the course, students are introduced to the terminology and concepts that underlie all forms of visual art; which-in many ways-forms the basis for the design of all physical objects. Along with learning mechanical skills, thinking both critically and visually, and working with different media, students consider how the arts grow out of and respond to particular cultural contexts and ideas; and how these thinking patterns can be applied to virtually all types of design. Presentations, lectures, demonstrations, discussions and various artistic works are used to show students how other artists and designers have dealt with the same issues they face in lab. (http://pergatory.mit.edu/2.993/ )  
	NASA RISE – National Aeronautics and Space Administration Research In Science and Engineering is a program for talented college and university students focused on preparation for graduate school. RISE has always been all-inclusive but generally attracts mostly minority students. 
	Figure 8: NASA RISE, Research In Science and Engineering. 
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	The study is one part of an ongoing longitudinal study. The data from the first cohorts, 1998 and 1999, are base-line data against which data from the latter cohorts, 2000 and 2002, are compared. Comparisons are made in relation to the planning and implementation of a CDIO curriculum from 1999 and on.  
	The results show a changing approach to studying between the first and the latter cohorts, from an achievement and future oriented approach to a gratifying and here- and-now oriented approach. This is enacted in the relation between their earlier study experiences, what they expected to learn, their aims for the future and the teachers approaches to teaching (Entwistle, 2003).  The conclusion from this study of the first year in a longitudinal study of the students passage through the whole study program and with a follow up one year after graduation, is that  well intended and well planned changes in a study program can give unintended results, as a consequence of this relationship. In future presentations we will see if the commonalities and differences between the cohorts during the first year will remain. 
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	COMMONALITIES AND DIFFERENCES BETWEEN THE COHORTS 


	 
	There is a difference between the study experiences, the expectations and the aims for the future between the first and the latter cohorts.  The students in the first cohorts were goal- and future oriented and they were expecting to work hard in order to fulfil the requirements of the study program and to deserve becoming a Graduate Engineer. They began their studies at a time when the job marked was bright. The students in the latter cohorts had experienced more study related stress in Upper Secondary School than the students in the first cohorts, due to increasing competition and rush for the highest grades. The situation on the job market had got tougher and the goal for many students was “to get a grade” rather than “to become an engineer”.  These differences were enacted in the socialisation of the students into a study context that was changing due to the planning and implementation of a CDIO curriculum ( Weidman et.al. 2001).  
	 
	The results from this study show a changing approach to studying between the first and the latter cohorts, from an achievement and future oriented approach to a gratifying and here- and-now oriented approach. This is enacted in the relation between their earlier study experiences, what they expected to learn, their aims for the future and the teachers approaches to teaching (Entwistle, 2003).   
	 
	The conclusion from this study of the first year in a longitudinal study of the students passage through the whole study program and with a follow up one year after graduation, is that  well intended and well planned changes in a study program can give unintended results, as a consequence of this relationship. In future presentations we will see if the commonalities and differences between the cohorts during the first year will remain. 
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	ABSTRACT 
	It is discussed how a project model can be used for assessment of CDIO skills in Design-Build-Test courses.  A project model offers a structured method for carrying out projects and gives the students experience of project work under industry like conditions. The different phases, activities, and documents in the project model enable assessment of a large number of topics in the CDIO Syllabus.   

	USING AN ALUMNI SURVEY  AS A TOOL FOR PROGRAM EVALUATION 
	I. Wiklund1, E. Lindblad1, and S. Gunnarsson2 
	1 Dean´s Office, Faculty of Science and Engineering, Linköping University, SE-58183 Linköping, Sweden 
	2 Department of Electrical Engineering, Linköping University, SE-58183 Linköping, Sweden 
	 
	ABSTRACT 
	INTRODUCTION 
	 
	METHOD 
	 
	ANALYSIS 
	CONCLUSIONS 
	ACKNOWLEDGEMENTS 
	 
	REFERENCES 


