Texts 5 and 6

A new educational strategy: 

Problem solving approach
This new educational strategy was defined by the following two authors:

1. Lise Poirier Proulx, assistant to the director of PERFORMA at Université de Sherbrooke in 1997, described this strategy in an article entitled Enseigner et apprendre la résolution de problèmes, taken from Vol. 11, no 1, of Pé​dagogie collégiale, October 1997 (p. 18-22).

2. Bernard Legault, professor in electrical engineering technology at cégep André-Laurendeau in 2000, described his in-class experience using this strategy. The article entitled La résolution de problèmes en Techniques de génie électrique appeared in May 2000 on pages 42 to 45 of Pédagogie collégiale (volume 13, no 4).

Bernard Legault was a member of the follow-up committee for the establishment of new programs in the field of electrical engineering technologies from 1992 to 1995. A member of the local committee responsible for drafting the ’student success’ policy at cégep André-Laurendeau in 1991, he was also a member of the editorial board of Pédagogie collégiale from 1992 to 1997. Among his previously published works are two articles appearing in Pédagogie collégiale, October 1993.

For those who want to explore this approach in greater depth in order to implement it quickly and effectively, we recommend the following reading: St-Jean, Madelaine, L’apprentissage par problèmes dans l’enseignement supérieur, Service d’aide à l’enseignement, Université de Montréal, Montréal, 1994.  Also, you will find at the end of texts 5 and 6, an overview of chapter five of Laurier, Busque,  1998, Montréal, ‘La demarche fonctionnelle de resolution de problèmes’, in Cinq stratégies gagnantes pour l’enseignement des sciences et de la technologie, Chenelière/McGraw-Hill, member of Chenelière Éducation, P. 109-164.
Text 5

Teaching and learning problem solving 

Lise Poirier Proulx

The capacity for solving problems is a complex ability whose development requires specific knowledge, attitudes and aptitudes as well as frequent and considered practice in situations that are meaningful for the students.  

The ability to solve problems is one of the most important manifestations of our ability to think and a crucial component of intelligence. It is rated as one of the most complex operations in taxonomies that categorize cognitive acts (Gagné, 1985; D'Hainaut, 1985; Beyer, 1988). 

Essential to any individual in a society that confronts him with increasingly complex challenges over the entire range of human activities, this capacity has notably become an indispensable requirement of the workplace, which relies on the creative potential of all employees to solve a variety of difficulties facing organizations on a daily basis.  

However, in the curriculum of academic establishments, problem solving capacities almost always appear only as an objective to be pursued through teaching and learning activities, or interventions by the personnel assigned to support teaching activities.  

At the college level, developing problem solving skills must be considered above all as an essential component of basic education. As a result, this skill should appear both as a personal development goal and as a key educational component in all teaching disciplines. Because this skill does not develop “spontaneously as a by-product of knowledge acquisition” =- MERGEFIELD produit_de_l ' MERGEFIELD acquisition_de_connaissances \* MERGEFORMAT 
 (Romano, 1992), professors are encouraged to find ways to support its learning so as to enable their students to face various everyday situations as adequately as possible, both individually and collectively, and to solve problems relating to their current or future professional context.  

From a constructivist perspective on learning which is the approach embraced here, learning to solve problems means undertaking, in an active and cumulative way, a process of construction, a change in the cognitive structure that makes it possible to develop effective action.  To date, we do not have a fully structured and well-articulated approach based of the constructivist approach to learning.

In consulting the documentation, we were able to identify a certain number of elements that need to be taken into account in any educational activity designed to develop a problem solving process.  

The ability to solve problems

Based on research results and observations carried out on the teaching of problem solving, Woods (1987) offers six proposals to be considered in the development of this skill in the student.  We should mention here that these proposals are consistent with the various components of the cognitive process associated with problem solving.  

It is difficult to separate the acquisition of knowledge from learning how to solve a problem
There are two aspects to consider regarding the links between knowledge in a given discipline and problem solving: importance and accessibility.  The need to possess a specific repertory of knowledge in order to be able to effectively solve problems is a well-known truism.  This repertory enables an individual to process the facts of the case in a meaningful way and to work out suitable solutions.  It is one of the factors that differentiate the behaviour of a beginner from that of an expert.  Research has shown that, on one hand, when experts are faced with problems for which they don’t have the basic necessary knowledge, they behave basically like beginners; on the other hand, beginners who have acquired the necessary specific knowledge create solution scenarios similar to those of experts familiar with the problem.  


However, the fact that an individual has acquired knowledge relating to a given context does not guarantee that he will be able to recall it at the opportune moment.  Such is the case of inert knowledge, i.e. previously acquired knowledge that is inaccessible when it is needed within a new context.  So, the ability to call upon knowledge is essential to solving problems.  

It seems that the way we store information as we learn it impacts our problem solving process.  Research shows that individuals who are able to solve problems adequately have developed a base of knowledge structured around concepts or fundamental principles organized in a hierarchical way. This bas contains major clues, evolves according to the need and includes conditions under which all concepts can be included.  

In addition to a quality organization of knowledge in memory, Prawat (1989) affirms that the degree of consciousness (awareness) of what we know or do not know on a given subject also exerts an influence.  This notion is at the heart of the distinction between explicit and tacit knowledge.  Explicit knowledge is acquired through the process of reflection.  It is used creatively and can be consciously transformed. Tacit knowledge is acquired in an intuitive way, through experience, without being subjected to a process of reflection. Used on a routine basis, it is often only understood superficially.

This ability to be aware of the state of our knowledge is a mark of intelligence that increases with personal development. It plays an important role in the comprehension of phenomena specific to a field. It is important that tacit knowledge be identified, better understood and recovered to become part of our base of explicit knowledge. 

The professor must directly intervene in the construction of the student’s specific knowledge base.  According to Tardif (1992), this is an initial conclusion to be drawn from research on problem solving in relation to teaching.  It is also necessary to ensure that the components of this base can be recalled at the opportune moment.

To be effective and transferable, learning must be done within a discipline and include real life problems

This principle is linked to the preceding one, in that learning problem solving strategies requires a context and takes place in a situation that calls upon related knowledge.  It is through this accumulation of contextualized problem solving experiences that specific strategies develop which can be recalled and used when a similar situation occurs.  Training that takes place in a context that is not related to the discipline or to real life, would be much less effective in developing these strategies and would be meaningless for the student.   This reasoning is what led Collège Alverno, recognized for its educational approach based on the development of fundamental skills, to reorient its approach to problem solving and integrate it, at the outset, to the actual course content (O' Brien et al., 1991).  

This principle is also linked to current practices in Situated Learning, according to which the learning content should be integrated and used in tasks or in problem situations that mimic situations students will encounter in the future (Collins et al., 1989). This enables students to make their entry, so to speak, into the socio-professional world.  

The approach targets the following objectives:

· to demonstrate to students the usefulness and the possible applications of acquired knowledge;  
· to support the active participation of students in their learning; 

· to bring students to recognize the conditions in which their knowledge is applicable;
· to support the transfer of knowledge to new contexts.
We must present problems rather than exercises in order to develop a problem-solving process

Whereas problem solving requires an active search for solutions that are not obvious at the outset, an exercise is, to some extent, the repetition or recreation of known operations in order to learn and master them.  This is the case with situations - often inaccurately called problems – where the student merely applies procedures that he has been taught.  The use of exercises is perfectly valid for certain types of learning, but it cannot lead to the development of a problem-solving strategy that requires the use of a reasoning process to develop the most suitable situations.  

It is necessary to teach the process explicitly, rather than simply solving problems mechanically.

In order for problem-solving learning to become meaningful for students and enable them to achieve greater effectiveness and autonomy in the use of the process, it is essential that they become aware of the stages they follow and strategies they use in the process. This means it is necessary to implement teaching approaches that allow them to identify the most adequate strategies for structuring their models of the different types of problems they will face, and to work out the most suitable solutions to these problems.  It is not only necessary to assure the quality of results obtained through the resolution process, but also the quality and effectiveness of the process itself.

It is necessary to introduce sufficiently meaningful and complex problems to develop the skills related to the process

The cases presented must lead the student to face the same type of cognitive challenge he is likely to encounter in solving problems in real life.  This implies he will be faced with poorly defined problems of ever increasing complexity.  However, it will be necessary to adjust the level of difficulty based on current knowledge or knowledge to be acquired, and pay attention to the development of other skills required for problem solving, in particular those connected to decision making, critical thinking and creative thought. 

Individual differences must be taken into account in developing abilities:  learning style, level of cognitive development, attitude, etc.

There are many differences between students. It is essential to understand that every human being, since the very first few months of life, seeks to understand the world in which he lives, by building models and explanatory outlines that are his and his alone.  The professor must take into account the various ways in which each individual acquires and uses knowledge. Each individual also has his own way of approaching and solving problems, and this must also be taken into account.

Among emotional factors, motivation plays a key role in learning.  In problem solving, it is associated with regulation activities that influence the handling of a task, whether it is given priority, interrupted, abandoned, or will benefit from increased or decreased cognitive effort.  To awaken and maintain motivation, professors must not only present problems that are meaningful to all students, by taking into account the differences between them, but also provide the necessary emotional support to help each student persevere in his efforts, identify his successes and help him overcome difficulties.

Within a developmental framework of cognitive skills

Beyer (1988) identifies four important dimensions in the teaching of cognitive skills that apply to problem solving and which complete the six propositions that we have just seen.  They are:  the learning environment, the use of course contents, the teaching style, and the use of a systematic and structured approach. To these dimensions, we added one more that seems relevant:  the use of teamwork.

The learning environment
The professors must create a classroom atmosphere that is favourable to reflection and discussion, an environment that facilitates creative vision and diversified concepts as well as new ideas.  An educational environment that supports the development of cognitive skills has room for initiative and welcomes challenges.  The approaches employed facilitate self-expression, call for the clarification of ideas, respect moments of silence and necessary pauses, stimulate original ideas, take into account the ideas of each individual and support interaction. In order to create an environment favourable to the acquisition of cognitive capacities, it is necessary to take the time needed to acquire a process and this leads the professor to be more of a “process facilitator” than a  MERGEFIELD facilitateur_de_processus “transmitter of contents”. MERGEFIELD transmetteur_de_contenus  

The physical location is another important factor.  It must allow for consultations on work done and the use of learning materials. In addition, it must support professor/student interactions as well as student/student interactions.

Using course content

In addition to Woods’ previous propositions on this point, Beyer stresses that the content chosen for the development of the skill is also a valuable and useful element.  Resolving “artificial problems” may MERGEFIELD problèmes_artificiels  be an interesting way of introducing the skill, but it is absolutely necessary to use authentic cases and to be sure that they make sense.   Course content must lend itself to the development of skills and it is essential to present problems with varied contents in order to facilitate the transfer of learning.

Teaching style

The professor must identify the most appropriate time and means to clearly explain the ability to be acquired.  For example, he could introduce a number of strategies supporting problem resolution when the students are given a problem to resolve or when they are still experiencing difficulty in identifying the problem after several attempts. Demonstrating the importance of critical thinking in problem solving can be very meaningful when students are faced with choosing one solution among a certain number of possibilities. Teaching a strategy without a context is likely to lead to the development of ‘guidelines’ rather than processes that can be applied intelligently.

The use of a systematic and structured teaching approach

Based on observations made during training activities, Beyer stresses a certain number of considerations in the learning of complex cognitive capacities from which we can establish a broad outline for a systematic and structured approach to teaching:  

· the mastery of a complex skill requires, at the outset, an important cognitive involvement;  

· in the first stages of learning, the emphasis must be placed on the skill to be acquired while avoiding disturbance from other learning; 

· the initial teaching must be followed by guided, frequent and regular practices;
· to facilitate the transfer, it is necessary to allow the student to use the skill in several contexts and to offer him guidance;  

· in order develop the capacity to recognize the conditions under which the skill must be used,  it is necessary to present cases or tasks that are less defined than those in the initial stages, and require different cognitive strategies.

The use of teamwork

We should not lose sight of the social side of learning and we must also recognize that teamwork is very beneficial in developing cognitive capacities, particularly within a cooperative learning approach.

This approach supports the positive interdependence of team members and demands personal accountability.  Through the use of heterogeneous groups, a certain number of socio-affective objectives identified by the professor can be achieved.  We can briefly review the advantages of this approach, by referring to the work of Aylwin (1996).  

Learning the problem solving process can sometimes cause emotional insecurity in students, directly impacting students’ interest in being involved in the task.  Fear of failure can also cause anxiety that disrupts cognitive capacities and leads to poor learning results.  However, by placing the students in a collaborative context for problem solving, any risk of tension is diminished since students are encouraged to share their individual resources in a non-competitive climate. 

Through the number of interactions it engenders and provided it creates a climate that is emotionally secure, teamwork succeeds in maintaining motivation and supporting the learning of cognitive capacities vital to the acquisition of a problem solving process. Each individual is encouraged to discuss the way in which he came to understand the problem, to voice his opinions, provide feedback to others, establish links between various concepts, respect other viewpoints, make decisions and question the suitability of the approach.  In certain cases, the students can effectively recognize a colleague’s difficulties more easily than the professor can, and therefore be able to help shed light on the matter.  Teamwork and exchanges offer unique opportunities to use a large variety of cognitive capacities that make in-depth learning possible.  

In certain training programs, the ability to solve problems in teams is considered an essential professional skill to be developed. As such, it is necessary to acquire problem solving skills not only on an individual level, but also to implement strategies that facilitate the acquisition of skills needed to solve problem cases collectively.  This also leads the student to make a gradual entrance into the culture of his future professional practice.

A teaching challenge 

Everything we have just seen about problem solving represents a great challenge for professors who are trained and prepared to deliver contents rather than support the acquisition and development of this capacity.  

Tasks relating to basic education, the implementation of a teaching approach based on competency and current reflections on the integration of learning bring professors to question their own approaches.  Whether it is through a local academic project, a graduate profile specific to individual programs, or a shared concept of competencies, professors will have to decide what role they wish to give problem-based learning in their classroom.  Then they will have to identify suitable teaching and learning approaches to support its development.  

Research in cognitive psychology and in education confirms that the acquisition of a capacity as complex as problem solving requires time and the use of learning activities that relate to the practice in a variety of contexts.  This implies the need to consider the teaching of this skill within a program perspective.    One single course is not sufficient to allow a student at college level to develop such expertise.  Nor does a single integration activity inserted at the end of the program appear to be sufficient for teaching the process.

It would also be inappropriate in the comprehensive program assessment, to evaluate the problem-solving capacity of students who have not benefited from a systematic teaching and learning approach enabling them to develop this ability during their education.  

We need more collective reflection on how much importance to grant this cognitive capacity within the overall education of a student.  It is also necessary to determine the program content linked to its acquisition:  types of problems to be selected, knowledge to be used, the procedural model and strategies of problem solving to choose, and metacognitive skills and attitudes to be developed. The methods of teaching and learning most appropriate to the context must also be identified and we must understand how each course will contribute to the development of this problem solving capacity.  However, these new orientations will certainly cause the emergence of various types of resistance. This resistance will have to be handled carefully so as to allow for a real change in practices.  
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Text 6 

Problem solving in electrical engineering 

Bernard Legault
In our Electrical technology and Circuitry (Technologie de l'électricité et Circuits) courses during the past few years, Carlo Buono and I have made it a point to confront students with problems rather than exercises.  We know that in the work environment, the technician will have to face real problems. Therefore, from the very start of his education, he must become skilful in dealing with this type of situation. However, we noted that despite our efforts and verbal reinforcements, a large number of students did not possess the maturity or, did not develop a structured method to effectively deal with problem situations.  Therefore, it seems to us, that we must explicitly include such an approach in our teaching to support the transfer of learning in students. 
In the following text I describe our concept of “exercise” = \* MERGEFORMAT 
 and “problem” in detail = \* MERGEFORMAT 
.  I accompany this explanation with an example taken from one of the two courses in question.  I then conclude by recommending the approach that we intend to use in the Electrical technology and Circuitry (Technologie de l'électricité et Circuits) courses beginning next year.  You will note that this approach is generalized and can therefore be adapted to various courses as the students advance in their studies.

PROPOSING PROBLEM SITUATIONS TO STUDENTS

Why talk about problems?
As previously mentioned, technicians will face various problems in the work environment:  an operator having difficulty using the system correctly will relate this to the technician who must then make a diagnosis and perform some action. Unfortunately in most cases, the operator does not have the competency to make a meaningful assessment of the problem.

What happens is that the technician must process chaotic data given to him and identify what is relevant and what is not.  He will then need to formulate an idea of what the problem is, based on his knowledge and experience.  Finally, he will take action.

We want to train the technician so he will be used to handling all these operations. What could be better then, than to present problem cases that will make him skilled at reacting correctly to this type of situation, from the outset of the training? 
The problem cases we propose are primarily designed to develop students’ ability to transfer theoretical concepts to practical situations that are as close as possible to reality.

Within the framework of our courses, all the situation scenarios, whether they relate to the diagram of a household appliance or an electronic gadget, are oriented towards problem analysis. However, we are also able to develop cases that allow students to complement their analytical ability with a certain laboratory expertise.

How to define a problem?

The definition that follows contains guiding elements. It is certainly not complete nor does it come from any specific theoretical text, but it does help orient our choice.

To us, a problem represents a complex situation in which the student must be able to process the data he receives. He decides what is relevant in the overall information.  He must develop the ability to interpret the information and prioritize it in order to make the correct choices relative to the task ahead.

This new and complex case must incite him to find links with concepts that he knows, or similar applications and situations.  The student must then be in a position to identify missing information to complete his analysis and find viable leads to solve the problem. He then applies the proposed solutions. Finally, the student has to check the relevance and effectiveness of the results he obtains, and be prepared to start the process all over again if it proves erroneous.

How exactly is it used in our courses?

Traditionally, reference manuals describe concepts in a way that takes them out of real contexts.  The theory is presented and related exercises are proposed (probably drawn from real contexts but without ever mentioning or identifying them). It is up to the student to learn to recognize them.

Over the years, we developed the following approach (what follows applies mainly to theory and sometimes to the laboratory but in a less organized way):  we identify functional models relating to the behaviour of the components or the components themselves, depending on the situation.   These models usually relate to elements that are known by the students. 

We recommend two types of activities to integrate these models into the analysis of circuitry:  exercises and problems:

· Exercises involve circuitry without any context like the kind we find in traditional documentation. Their purpose is to help the student become skilful in calculating or recognizing the models through practice.

· Problems are complete applications containing the same subject matter as in exercises.  However, in this instance, the student must be able to isolate from the entire circuitry, that portion that relates to the question asked.  Therefore, we must provide the student with general concepts on the behaviour of circuitry so that he may find his way around. 

What conclusions are we to draw from our experiment?

For the reasons expressed previously, we are convinced that the use of problems is the orientation that must prevail throughout our two study programs.  This orientation can be experienced differently from one session to the next and from one program to another, but in our view it remains fundamental.   However, we do not teach a structured approach to problem solving.  Such situations have been shown to prevent the students from developing the necessary abilities to solve problems correctly.

The most structured students, usually the most gifted, manage to do well on their own.  Moreover, they do well regardless of the teaching context in which they find themselves. However, for a large number of students, this new approach represents a fundamental change.  They must adapt to it. To do this, we must teach them explicitly an approach that allows them to do so, and integrate the latter in the learning objectives of the most appropriate courses.  This is where things stand today.

All in all, teaching the stages of a structured problem-solving approach, beginning in the first year and continuing throughout the remaining years of the program, supports coherence in our programs without negating our educational objectives.

AN APPROACH TO PROBLEM SOLVING IN ELECTRICAL ENGINEERING TECHNOLOGY (EET)
(This second part of the article targets students interested in a more explicit teaching.)

There are two critical moments in the problem solving approach: the conceptualization of the problem and the problem resolution.  Each of these steps is important.  However, we noticed that the first stage is often neglected by students who want to carry out the second stage too quickly. Thus, not taking the necessary time to properly conceptualize the problem can sometimes make it very difficult to solve it correctly afterwards.

We realize that the approach we are proposing to you here is presented in a structured and linear manner, i.e. one stage after the other.  The first two classes will attempt to instil it in you and make you skilled at applying it systematically.  However, we are also aware that when you face a real problem, the process used is not quite so linear.  Nevertheless, if you want to successfully solve a problem, you must go through each stage regardless of the order followed. 

The approach that we recommend is relatively general. Even if we are thinking primarily of the courses Electrical technology, Circuitry and Mastering a control system in our approach, it adapts easily to a variety of contents associated with electrical engineering technologies. So, as you evolve within the program, this approach will become more precise and will adapt itself to the field in which the problem occurs (electronics, automation products, physics or programming). This adaptation does not take anything away from the two fundamental stages connected to problem solving: the conceptualization of the problem and the problem resolution.

The conceptualization of the problem is the key stage in the approach we are proposing.  It is that moment in the course when you must: collect relevant information, i.e. useful in the current context; establish a link between this information and what you already know; and mentally trace the steps you must take to successfully solve the problem.  

This moment can also allow you to identify the nature of the knowledge or skills required to continue your reflection and to successfully carry out the problem resolution.

The problem resolution consists in using the tools available to follow the path to resolution, once all the relevant information has been gathered and the path identified. At this stage, it is of primary importance to look back over the progress achieved to ensure we are on track with regard to the objective.

The conceptualization of the problem 

Gather information

· Read the problem statement attentively.  Make sure you clearly understand the problem statement.   Interpret correctly what is requested.

· Extract the information contained in the statement. What do I get from the statement on the context? What are the facts provided?  Is there a diagram?

· Clearly identify what is requested and what is sought.

Establish links between the problem and what we know

· Identify relevant information in connection with what we seek. The relevance of information requires good understanding of the statement and the ability to establish links between what one is seeking and what one knows.

· Organize information to establish links. Here are some operations that can be carried out within this framework; they are not necessarily in order and it is not necessary to carry them all out.  On the other hand, all these operations must be written down on paper. Do not be content with doing them in your mind. Train yourself to write them down. The majority of these operations enable you to understand the problem from a qualitative perspective before arriving at a quantitative solution.

· draw up a simplified diagram of the learning model

· build a mental or mathematical model

· describe the behaviour of the circuit qualitatively

· identify the principal functions of the circuit

· establish links between the principal functions

· recognize the various parts of a circuit

· redraw it to see the circuit in a different way

· identify entries and exits

· identify the control section and the operating parts

· compare what you know about the problem with similar problems you have already encountered; what are the similarities and the differences? (if the context allows it, use course notes or other references).

· Identify what is missing or what would be necessary to continue reflecting on the problem.
Identify a promising lead toward a solution

· Isolate part of the circuit and redraw the diagram.  In a laboratory setting,  determine the steps necessary to carry out and get the expected results.

· Identify the physical relationships and the equations that govern them.  Identify the ideas, concepts and relationships involved.

· Identify known and unknown parameters. 
Problem resolution 

Follow the path to resolution

· Choose a problem solving strategy. Several strategies exist. The suggested path may favour one over another.  Below are a few strategies that can prove useful to you depending on the case:

· Divide the problem into several small problems and solve them separately.

· Simplify the circuitry by using known concepts and simple models.

· Use an iterative strategy (trial and error).

· Collect additional information on a component or a portion of the circuit.

· Consult an expert for assistance.

· Use the concepts, notions and/or physical relationships based on the steps identified to find the desired solution.
· Identify the equations that are relevant to the problem resolution.
· Solve the equations.

· Obtain a numerical, graphic, software or material solution.  Use all the tools placed at your disposal, whatever they may be.
Self-regulation of the problem solving process
· Check the validity or the likelihood of the results. For example, is the scale of  variables or physical sizes likely?  Does the physical circuit behave as expected?  Does the program effectively achieve what it is designed to? 

· Make a judgement on the results obtained. If they prove to be non-relevant or unsatisfactory, how it is possible to modify the situation?

· Return, if necessary, to the actions relative to the conceptualization of the problem.

Present the results

· Express the results accurately.  If the results represent physical sizes, does a unit or a symbol of a unit accompany each of these numbers?  If it is a graph, does it have a heading, are the axes well defined, are the size measurements clearly indicated, are the axes easy to interpret?  Is the program format suitable for the application?

· Respect the procedures for presentation and conceptualization.  Be sure to double check the instructions or correction criteria one by one and comply with them.  Consult a methodological guide for the presentation of work in electrical engineering technology. Make sure that the schematic representation of the physical phenomena complies with what is required.
Chapter 5 contents at a glance:  

Laurier, Busque, 1998, ‘La démarche fonctionnelle de résolution de problèmes’, in Cinq stratégies gagnantes pour l’enseignement des sciences et de la technologie, Montréal, Chenelière/McGraw-Hill, member of Chenelière Éducation. P. 109-164.

The functional approach to problem solving

· The foundations of the strategy

Conventional notion of problem solving

Two steps to problem solving

· Stages of a functional approach to problem solving

Problem types

The eight stages in a functional approach

Stage no 1:  the experience lived

Stage no 2:  identification of the problem

 Stage no 3:  the exploration of the environment

Stage no 4:  the definition of the function
Stage no 5:  the search for solutions

Stage no 6:  the choice of ideas
Stage no 7:  the building of the tool

Stage no 8:  using the tool
Integration of the heuristic tools 

Problem reduction
External representation

Analogy

Regressive reasoning

· The didactic aspects of a functional approach

The learning process

The three levels of use of the strategy

· The evaluation and the functional approach

The formative evaluation
The summative evaluation
� Those who wish to learn more about this approach can see their local representative to consult a work published by the author of this text, Cadre référentiel pour l’utilisation ou le développement de la résolution de problèmes en enseignement, PERFORMA collégial, 1997, 232 p.






