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Abstract 
 
If we can agree on the premise that “the aim of all engineering activities is to assure the wellbeing of the planet 
through the innovation of products and process using science and technology”, it follows that engineering 
education should provide the candidates with the skills necessary to participate effectively in the fulfillment of 
this aim. The education program should then integrate the knowledge from basic, engineering and social 
sciences. Using this knowledge the candidate should be able to offer adequate solutions to the relevant problems 
facing the society she is serving. 

The fact that enrollment in engineering schools is dropping is well documented. We argue that one of the reasons 
for this new trend is caused by the “tyranny” of the basic sciences instructors directing the focus of engineering 
education towards more and more theory. Active learning -in our humble opinion- can turn this trend back to its 
original cause and give engineering the appropriate image it deserves. This paper is divided in three sections: 
literature survey, case study and future vision. We hope that other instructors will join in the quest for a better 
world. 
 
 
Keywords: active learning, integrated curriculum, team teaching 
 
 
1. INTRODUCTION 
 
We start with the hope that this contribution will part of a larger project that tries to “make sense of engineering 
education” with a more practical approach. Our first contact with SEFI in 1999 was in the memorable site of 
Trondheim where we had the opportunity of sharing our project centered learning experience during an oral 
presentation and a workshop directed by Paul Wellington. It followed with another valuable meeting in Zurich 
were a hands-on approach to learning was presented. 

An important contribution to the organization was after the Paris SEFI 2000 Conference with the publication on 
the journal of an article on visual thinking that has colored our teaching work since [1]. We were honored to host 
SEFI 2005 in our capital city and tried since to keep in touch with the organization. During these academic 
meetings we develop a clear understanding on the need to place emphasis on research rather than acquisition of 
available knowledge. Engineering education must be re-engineered.  

We believe that by creating an empowering learning environment we can develop leadership competence in a) 
innovation of outcomes, b) implementation of projects and c) realization of objectives. In so doing it is wise to 
make a Strengths, Weaknesses, Opportunities, Threats analysis (SWOT). As can be seen in the exhibit there is 
fierce competition that needs to be handled urgently (Figure 1.). Fortunately we have the necessary technology at 
our disposal ready to make the environment more engaging. 
 
 
2. LITERATURE SURVEY 
 
In this section we borrow ideas for new “learning environments” –as suggested in the introduction- from the 
publications of the European Association for Research on Learning and Instruction (EARLI) which suit best 
to the European context in which SEFI is actively contributing. Although critics of Active Learning consider the 



approach time consuming –a fact maybe true in some instances- the gains in motivation are far more important 
than the amount of material learned. Once the student is well motivated through active learning, her positive 
behavior will continue over time. 
 

Strengths:  

• What advantages do you have?  State-of-the-art in technology  
• What do you do well?  Research on emerging technologies 
• What resources do you have access to?  Multimedia communication  

Weaknesses:   
• What could you improve?  Enhancement of land use 
• What do you do badly?  Promotion  among possible candidates 
• What should you avoid?  Brain drain to developed countries 

Opportunities:   
• Where are the opportunities facing?  Market growth in mobile phones 
• What are the interesting trends?  Shift towards new mobile generations 
• What relations you can better use? Connections with similar institutions 

Threats:   
• What obstacles do you face?  Reduction of public budget 
• What is your competition doing?  Started e-learning already 
• What are the changes you expect?  Cheaper educational services offered  

        (questions adopted from Mindtools) 
 

 FIGURE 1.  SWOT analysis proposal for the institution where author is affiliated 
 

We have attempted to give meaning to the different EARLI Special Interest Groups (SIG) 
(http://www.earli.org/sigs/) and the more than 14 publications we are aware of. We have tried to classify the 
SIGs answering four basic questions in accordance with the Library of Congress approach: a) who (institutions) 
the location of learning for different groups, b) how (approach) the way in which we can provide a better 
learning environment, c) with (practice) the implementation of the education process and d) what (development) 
the enhancing of teachers professional skills (Figure 2.). 
 
EARLI publications cover the four basic questions as given in the previous paragraph. Among the other titles we 
wish to point at one important title listed. We find “Between school and work” (located in the institution group) 
very relevant in our context [2]. Activity theory as described in this book is a powerful approach to education 
since it gives emphasis to the environment where the learning takes place. The “learning actions” such as 
listening, experimenting, sharing, studying, practicing, reflecting and discussing are relevant. 
 
Since engineering activities are geared to enhance the life in the planet -by providing better solutions for various 
problems such as food, shelter, security, leisure and care provision- the candidate should be develop 
competences in political, social, economical, legal, ethical, cultural, ecological and educational issues. The 
process of innovation entails that agents using appropriate tools, rules turn objects in desired outcomes 
considering time and space constraints.  
 
 
3. CASE STUDY 
 
In this section we provide an evidence where students’ motivation to learn has been enhanced -thus in the long 
run- compensating for the apparent lost time. Motivation can be evaluated by assessing the class attendance and 
participation in an environment where learning is a source of joy and pride. Learners were required -during the 
term of three months- to make field a survey, prepare a project, do an experiment, prepare a model and hold a 
discussion, very much like a real engineering environment. Although the learners were freshmen students the 
experience –recorded with digital pictures- gained was rewarding. 

The process followed by the modeling using LEGO block that were to assemble within the group to complete 
the machine. A draft using the popular ACAD program followed in a 3D approach to see the object from 
different angles. The material so developed was shared in small groups and presented individually. Once the 



whole class had fair information about the work of the groups, a discussion session followed. Since peer 
evaluation is considered part of the professional training the work was ended by evaluate all projects  
 

Congress Issue SIG # Title 
LB 5 approach Awareness 9 Learning with multiple representations  
  Motivation 8 Motivation in learning contexts  
  Conceptualization 3 New perspectives on conceptual change  
  Comprehension 2 Modelling changes in understanding  
  Evaluation 1  
  Effectiveness 18 Collaborative learning  
LF 14 institution Target 5 Between school and work  
  Higher 4  
  Special 15 Experience of mediated learning  
LB 1705 development Teaching 11 Transactional perspective on teaching and learning  
  Learning 14 Powerful learning environments  
  Interaction 10 Social interaction in learning and instruction  
  Writing 12 Writing hypertext and learning  
  Democracy 13  
  Metacognition 16  
LC 1001 practice Design 6 Multimedia learning  
  Computers 7 Learning sites : social and technological resources 
  Research 17  

 
FIGURE 2.  Classification proposal for EARLI publications and SIGs based of Library of Congress 

 
In an age where information is abundant and easily retrieved, the role of the educators is no more to transfer 
knowledge but to guide the candidate in the practice of the profession and the creation of new knowledge. As we 
will try to show in this section, an adequate environment should be created where the candidate is encouraged to 
be engaged in her field and experiment on new avenues. We are not anymore interested in professionals that can 
simply replicate the known (Figure 3.). 
 
 

 
FIGURE 3.  Activity Diagram for  Problem Based Learning (pictures from authors’ archive) 

 
 
4. FUTURE VISION 
 
As a future vision, we consider the conditions that will enhance “active learning” approach, with the hope that 
necessary measures are taken to improve the quality of engineering education. We foresee “team teaching” as 
the most powerful approach to make “active learning” a reality. Basic and engineering instructors should join 
together concurrently in the class environment where learners are actively engaged in real projects that need the 
expertise of different disciplines. A studio-like atmosphere should be created, where there should not be 
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interruptions to go to other tasks. In this environment, the selection of individual assignments that are of interest 
for both the instructors and learners is the key for success. 

The Biomedical Engineering Institute in our University integrated the knowledge from medicine, engineering, 
physics, chemistry and biology. We propose an integrated program with the department of physics (Figure 4.). 
For each biomedical engineering application there is at list one basic physical law that is implemented. This will 
create the very much desired “communities of practice” (or practitioners) to generate new knowledge. We 
suggest a progressive transition from traditional to exploratory learning environment. 
 
 

 
 
 

FIGURE 4.  Physics  in Biomedical Engineering Devices  (Diagnosis and Treatment of Patients) 
 

 
5. CONCLUSION 
 
Unfortunately many engineering programs –with the exception of the ones like Aalborg University- are designed 
on the simple aggregation of basic, engineering and social sciences. Courses are offered segregated from each 
other by valuable experts in the related fields. We believe that courses should be integrated as to reflect the real 
world in the engineering practice.  Each science has a merit in its own, but the candidate should be able to see 
the whole picture and apply the relevant science when is needed. 

We propose a roadmap that will cover the whole curriculum showing the basic sciences and the relations with 
the engineering courses. The learner should never loose sight of the “whole” as he progresses. The freshmen 
year can start by calculating the dimensions of a device followed by the simulating the effects of environment. In 
the last two years the integration of basic elements in a system control of a unit operation and the design of an 
airplane landing system could be considered (Figure 5.). 

Universities are faced with fear competition from corporate educational institutions financed by well known 
manufactures. The composite study of learning living cells, humans, machines and organizations can help in 
improving the approaches in engineering education institutions. We wish to humbly suggest some golden rules 
(before, during and after the course) for young educators in engineering. Practice and theory should go hand in 
hand.  

We conclude by wishing that all instructors should be genuinely interested in the future of the learners. The 
education program should integrate the knowledge from basic, engineering and social sciences. We are 
responsible to the other living beings inhabiting this planet. 

mechanics heat optics 

relativity electronics electricity magnetism 

Artificial limb Laser surgery Eye lens 

X-ray EEG Pace maker MRI 



 Problem 
Definition 

 Component 
 Selection 

 

Mathematics    System 
Matrix Logics Pneumatic I/O Measuring 
Differential Circuits Hydraulic CPU Recording 
Probability Devices Mechanic PLC Actuating 
Numerical Processes    Conditioning 
     
 Program 

Validation 
 System 

Design 
 

     
Mechanics Basic   Analog 
Electricity Assembler Switch Functions Digital 
Optics C Drive Diagrams Adaptive 
Thermo Simulation Motor Controllers Robust 
Physics     Control 
 Solution 

Proposal 
 Product  

Development 
 

 
FIGURE 5.  Roadmap of the proposal for a control system education program 
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