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Abstract. We show that the Task/Method paradigm is adapted for
modeling the problem-solving method that the teacher wants to commu-
nicate to the student as well as the pedagogical strategies that have to
be put into practice for managing the interaction with the student.

1 Introduction

Constructing an educational system that focuses on teaching a problem-solving
method requires the construction of different knowledge-bases (KBs). First, as
the system must be able to perform on its own the problem-solving method,
this method must be modeled and implemented. Second, interacting with the
student on the basis of a particular solving context can also be viewed as a
specific problem-solving task.

In this paper, we argue in favour of modeling each of the KBs of the ITS
with the Task/Method (T&M) paradigm [3], and of operationalising within a
reflective architecture [4] both the KB that solves the domain exercises and
the KB that manages the system-student interaction. From the point of view
of problem-solving exercises, a T&M model allows an abstract modeling of the
teacher’s problem-solving method, representing knowledge at different levels of
abstraction (e.g. [1]), presenting and accepting variants of the “ideal” problem-
solving. From the point of view of the management of the system-student inter-
action, a T&M modeling allows an opportunistic behaviour of the system. The
operationalisation of these different kinds of knowledge within an architecture
that proposes reflective capabilities enables the construction of modules that
analyse the problem-solving state, and provides the pedagogical module with
the information that is needed to define the most pertinent interaction.

In the remainder of this paper, we develop these different points with exam-
ples from the Emma system. Emma is an educational system (under construc-
tion) that aims at training students in the practice of linear programming as a
technique to solve concrete problems. Emma is a support tool; this characteristic
has been set by the teacher. For this reason, Emma’s KBs are constructed on the
hypotheses that the system and the student share the same vocabulary and that
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the student is already familiarised with the problem-solving method proposed
by the system.

2 Modeling the Domain Knowledge

In Emma, a typical problem describes a company that must face a command
with constraints that it cannot manage. We will consider a company which has
to produce and deliver two kinds of steel manufactured pieces in such quantities
and delay that it cannot achieve it. The company needs to optimise the produc-
tion in order to minimise the loss. The domain expert has to (1) identify the
type of problem, (2) formalise the mathematical situation, (3) solve the problem
(select and apply the method that enables the solving of the considered linear
programming problem), and (4) analyse the coherence of the results.

2.1 Modeling the “Ideal” Problem-Solving Method

While elaborating a model within the T&M paradigm, one has to explicit what
activities have to be achieved for solving the problem, as well as how the activities
can be achieved, from the analysis of the problem up to the submission of a
solution. This leads to define how tasks and methods should be described to
model the expected behaviour, and to construct the T&M knowledge-base in a
process guided by the adopted definitions.

In Emma, an activity1 is an aspect of the problem-solving method that
teachers can identify when they present their reasoning process. Examples are
“Formalisation of the mathematical situation” or “Resolution of a linear pro-
gramming system”. An activity is defined by a name, pre-conditions (when it is
pertinent from the point of view of the problem-solving method), an activation
context (when it is pertinent from the point of view of mathematical constraints),
resources (what knowledge is required to achieve the activity), post-conditions
(what strategic aspect has been obtained afterwards) and methods (the methods
that can reach the goal underlying the activity).

A method is a possible means for achieving an activity. A decomposition
method splits an activity into multiple sub-activities, whereas an operational
method defines what process effectively achieves an activity. An activity can
often be achieved by different methods. Figure 1 presents an extract of Emma’s
activities and methods.

Activities and methods are manipulated by mechanisms that perform the
dynamic selection of the most pertinent tasks and methods according to the
current state of the solving process. Such a selection is done by comparing the
selection criteria of a task and/or a method with a set of valuated facts denoting
the current state of the solving context. Theses facts and their relations (e.g. “Is
a”, “Imply” or “Exclude”) are modeled within a domain graph [2]. With each

1 In Emma’s expert model, a task has been renamed an activity in order to respect
the teacher’s vocabulary.
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Fig. 1. Extract of the T&M knowledge-base that models the expert knowledge

activity is associated knowledge that is used to interpret the results produced
by the activity. This interpretation knowledge is composed of relations from the
domain graph.

2.2 From an “Ideal” Solving Model to a Model of the Correct
Solving Processes

As Emma is a support system, we have to use the problem-solving method taught
in class as a reference. Nevertheless, some slightly different variants of the global
solving process can be viewed as correct, even if they are not exactly the “ideal”
one. In order to allow the system to follow slightly different versions from the
expert problem-solving process, we have defined three possible status for an
interpretation. An interpretation is necessary if the relation must be considered
when the activity is finished (the resolution cannot go on if it is not considered).
An interpretation is advised if the teacher usually considers the relation when the
activity is finished (it is not necessary at this state of the solving process, but it
is more efficient to consider it here). An interpretation is possible if the relation
can be considered when the activity is over (it is mathematically possible to
consider the interpretation at this state of the solving, but it is not usually done
here).

For example, let us suppose that the terms of the problem have already been
analysed (it is certain that it is an optimisation problem), and that the variables
of the problem have been defined. In this context, the activity to be achieved
next is to define the nature of the objective function (cf. fig. 1).

Figure 2 shows the representation of the activities “Definition of the nature
of the objective function” and “Writing out the objective function”. In order
to explain how the system can decide whether a solving step is correct, we will
take four examples of student’s behaviour at the same step, the “definition of
the nature of the objective function”.
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Name: Definition-nature-objective-function
Pre-conditions: ((variables,defined)) 
Activation-context: ((optimisation-problem,certain)) 
Resources: (list-of-variables) 
Post-conditions: ((objective-function-nature,defined)) 
Methods: (Define-nature-objective-function) 
Interpretations:

necessary-interpretations (status,(variable-cost,(true,false))
(status,(variable-recipes,(true,false))
((variable-cost,true) and (variable-recipes,true)) imply (maximise-the-margins,true) ... 

advised-interpretations ((maximise-the-margins,true) or (maximise-the-recipes,true)) imply (maximisation,true))  ...
possible-interpretations (status,(objective-function,(defined,undefined))) 

(status,(objective-function-linear,(true,false)))

Name: Writing-out-objective-function 
Pre-conditions: ((variables,defined), (objective-function-nature,defined)) 
Activation-context: ((optimisation-problem,certain))
Resources: (list-of-variables) 
Post-conditions: (objective-function,defined)
Methods: (Write-objective-function) 
Interpretations:  

necessary-interpretations (status,(objective-function-linear,(true,false)))

Fig. 2. Example of encoding of activities

The “not enough” student: The student has not considered some necessary
interpretations. For instance, he states that both the cost and the recipes
are variable but does not say that the objective function is to maximise the
margins. The solving process cannot be pursued because defining the nature
of the objective function is a sine qua none condition for writing out the
objective function.

The “just enough” student: The student considers all the necessary inter-
pretations, but considers neither the advised nor the possible interpretations.
The solving process can be pursued, but the student will have to consider
these possible and advised interpretations further during the solving.

The “system-like” student: The student considers both necessary and ad-
vised interpretations. The solving process can be pursued. Moreover, the
student has achieved the activity in the way close to the problem-solving
method that is taught in class.

The “exhaustive” student: The student considers, in addition to all the nec-
essary and advised interpretations, possible interpretations that allow him
to cut across some activities. For instance, let us assume that the student
has considered the possible interpretations of the activity “Definition of the
nature of the objective function”. In this context, he has written out the ob-
jective function (objective-function,defined), and he has stated that the
function is linear (objective-function-linear,true).The post-conditions
of the activity “Write out the objective function” are satisfied, and all the
necessary interpretations have been considered. Therefore, this activity has
no longer to be achieved.

3 Management of the Interaction with the Student

In Emma, the student has to repeat the following steps until a solution is found:
(1) select the most relevant activity to be performed next according to the current
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state of the solving; (2) select the most pertinent method to carry out the selected
activity; (3) produce a set of results required to reach the objective of the selected
activity (by the way of the selected method). After any of these three steps, the
system can make comments on the student’s actions.

Figure 3 presents three kinds of interaction we want our system to be able
to manage. Note that we do not advocate that this is an exhaustive list.

Excerpt 1

L: The production cost is variable. The
recipes are fixed. This is a maximisa-
tion kind of problem.

S: It’s true that the production cost is
variable, and you’re right to say that
it is a maximisation kind of problem.
Now, why do you think it’s a
maximisation kind of problem?

L: It’s a maximisation kind of problem
because we have to maximise the
margins.

S: It is true that we have to maximise
the margins. Moreover, your justifi-
cation is correct. But why do you say
that we have to maximise the mar-
gins?

L: because the production cost is
variable

S: You’re right but this is not sufficient
to state that the objective is to
maximise the margins. You must add
that the recipes are variable, which is
true (and not false, as you said) for
this exercise.

Excerpt 2

L: This is a maximisation kind of
problem.

S: It’s true that it is a maximisation
kind of problem. Now, why do you
think it’s a maximisation kind of
problem?

L: It’s a maximisation kind of problem
because we have to maximise the
margins.

S: The production cost and the recipes
are variable. So, you are right to say
that the objective is to maximise the
margins.

Excerpt 3

L: I am certain that this is an optimisa-
tion problem. The production cost is
variable. The recipes are fixed.

S: It’s true that this is an optimisation
problem. But why do you say that?

L: because it’s a maximisation kind of
problem

S: Do you think that the objective is to
maximise the margins or to minimise
the production cost?

L: I think the objective is to minimise
the production cost.

S: You’re wrong. When one has to
minimise the production cost, this is
not a maximisation kind of problem.
You were right to say that when the
production cost is variable and the
recipes are fixed, the objective is to
minimise their cost. However, ac-
cording to the terms of the exercise,
the recipes are not fixed (as you have
said) but variable. These two mis-
takes together lead you to fortunately
give a correct answer.

L stands for “Learner”, S for “System”.

Fig. 3. Examples of interactions

3.1 Diagnosis of the Student’s Answers

In this paper, we do not consider the student’s choices of the activities and
methods. The diagnosis is simplified to a classification of the results that the
student produces for an activity. Three types of results are distinguished: correct,
incorrect, and missing results. A student’s result is correct (resp. incorrect) when
its value is in accordance (resp. in contradiction) with the one expected in the
domain graph. A result is missing when expected by the system but not produced
by the student. A correct result can be anticipated when the student has not
explicited some of the inference steps related to necessary interpretations.

For instance, let us consider that the student has already analysed the terms
of the exercise, and is currently defining the type of the objective function (cf.
fig. 1). Let us suppose that he produces the following results for the current
activity: “the production cost is variable, the recipes are fixed and this is a
maximisation kind of problem”. At this point, the diagnosis is: “it is correct to
state that the production cost is variable, and stating that this is maximisation
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kind of problem is correct but anticipated since the student has omitted to say
that the objective is to maximise the margins; moreover, it is incorrect that the
recipes are fixed”.

3.2 Kinds of Interaction

The dynamic adaptation of the interaction is enabled by detecting special situa-
tions during the student’s solving. With each kind of situation some knowledge is
associated that will be used to build the interactions. When no special situation
is detected, default interactions are used.

The default interaction consists in making comments on correct, then incor-
rect, and then omitted results. Other kinds of interactions can be thought of,
which would be modeled and implemented in the same way. The one we have
chosen seems to be of pedagogical interest since treating correct or incorrect
results generally conducts to leaving out some omissions. The first excerpt of
interactions provides an instance of the proposed default interaction. Asking the
student why he thinks that it is a maximisation kind of problem leads him to
explicit the reasoning process he has followed (following a backward chaining
reasoning). In doing this, the origin of the mistake will finally be pointed out.

Up to now, we have modeled two kinds of special situations. These situations
can be detected at different levels of interaction.

Fine-grained level interactions aim, for only one interaction step, at dynam-
ically customising the default management of the session. The fine-grained in-
teraction we describe in this paper consists in making comments upon some
missing results before dealing with any other ones, when the student is consid-
ered as mastering these omitted results. For instance, within the second extract
of interaction, the student first justifies the fact that it is a maximisation kind
of problem because the objective is to maximise the margins. At this point, the
default interaction would lead the system to ask the student why he thinks the
objective is to maximise the margins. The fine-grained interaction we propose
allows the student (if he masters the recognition of the nature of the production
cost and recipes) not to justify his results. The pedagogical relevance of this fine-
grained interaction relies on an optimistic analysis of the student’s knowledge.

The identification of remarkable configurations aims at allowing a dynamic
customisation of the default management of the session by treating several con-
secutive interaction steps as a unit. The remarkable configuration we consider
in this paper is characterised by the following situation: the student infers some
correct results from partially incorrect ones, and there exists more than one er-
roneous reasoning path underlying this mistake. The diagnosis has then to be
refined in order to determine the erroneous paths the student has followed. The
last excerpt of interactions shows an example of this remarkable situation. The
dialogue starts with a default interaction which aims at diagnosing why the stu-
dent has recognised an optimisation problem. Further, when the student states a
maximisation kind of problem, the diagnoser identifies two mistakes which char-
acterise the considered remarkable situation. The first mistake, “fixed recipes”,
is directly diagnosed because of the terms of the exercise. The second one is
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related to the reasoning path followed by the student. Two incorrect paths are
possible: the first one consists in (step 1) inferring that “the objective is to max-
imise the margins” because “the production cost is variable” and “the recipes are
fixed”, and (step 2) concluding that “this is a maximisation kind of problem”;
the second path consists in (step 1) inferring that “the objective is to minimise
the production cost” because “this cost is variable” and “the recipes are fixed”,
and (step 2) concluding that “this is a maximisation kind of problem”. In the
former case, the first reasoning step is incorrect; in the latter, the second step is
incorrect. Asking the student what he thinks about the objective (maximising
the margins vs minimising the production cost) enables the diagnoser to state
where precisely the mistake occurs. The pedagogical relevance of this remark-
able configuration is to detect that the diagnosis has to be refined, and to put
into evidence the contradiction in the student’s reasoning (in the example, a
minimisation instead of a maximisation kind of problem).

3.3 Modeling the Management of the Interactions within the T&M
Paradigm

While managing the interaction with the student, the system can either act inde-
pendently of the student’s behaviour, observe the student’s behaviour, or react
according to the student’s behaviour. Let us suppose (1) that the system has
already initialised the interaction by proposing the first exercise to the student,
and (2) that the student has given a first set of results for which the system has
elaborated a diagnosis. At this point, the aim is to influence the student.

In order to influence the student, one can make comments on a diagnosis,
explain the current situation of solving in order to deal with the student’s misun-
derstanding, or present the student with a more adapted exercise. These different
possibilities are modeled by the way of methods associated with the task “In-
fluence the student”. One of these methods is dynamically selected according to
the problem-solving context.

In order to make comments on a diagnosis, a strategy for interacting (i.e.,
defining an order for dealing with all the diagnosed results of the student) is
first selected and then applied. This is modeled as presented in fig. 4 by way
of the method “Make comments on a diagnosis” which describes a sequential
control over a sub-task decomposition (“Select a strategy for interacting” and
then “Comment on the results”). The method associated with the first task
(“Select a strategy for interacting”) explicits the standard way for interacting.
In practical terms, it sorts the diagnosed results according to their respective
nature. The only method associated with the second task (“Comment on the
results”) defines an iterative control. It states that the current objective is to
make comments on a set of results while a result that is not yet commented
exists. At this point, one can make comments on a set of results related to
a remarkable configuration and/or make comments on all the results not yet
commented according to the adopted strategy.

When a remarkable situation is detected (cf. the third excerpt), a predefined
interaction is performed and all the results related to the detected remarkable
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Fig. 4. T&M decomposition for making comments on a diagnosis

situation are considered as being treated. When no remarkable situation is de-
tected, the comments on the student’s results are given in a standard way (cf.
fig. 4). In this case, a result that has not yet been commented has to be chosen,
and comments on it have to be given to the student. The fine-grained adaptive
capabilities of our system are made possible through the task “Select a result”:
at this point, some results can be punctually preferred to other ones according
to some pedagogical criteria (for example, the one we have used in the second
excerpt of interaction).

Once a result is chosen, comments have to be made according to its nature:
correct, incorrect or omitted. To model this aspect, we have used the notion of
prototypic task. A prototypic task is dynamically instantiated, at run-time, by
an effective task. Let us assume that the system is currently treating a correct
result; that is, the prototypic task “Comment on the selected result” has been
instantiated by the effective task “Comment on a correct result” (cf. fig. 4). At
this point, if the result that is currently being commented on has been introduced
by the student in order to justify another one given previously, we consider that
the current interaction should take into account this history. Taking such a
history into account allows linking two (or more) interactions (in other words,
also making comments on the inference steps that underly the produced results).
To do so, each method possesses an “Interaction context” slot (cf. fig. 5).



64 Christophe Choquet et al.

Within this approach, the interaction we obtain for the first excerpt is the
following one: “It is true that the objective is to maximise the margins. Moreover,
it is true that when the objective is to maximise the margins then this is a
maximisation kind of problem.”. This list of sentences is computed by selecting
the method “Confirm the answer and the underlying reasoning step” (because
there exists a context of interaction related to the justification of the previous
result “this is a maximisation kind of problem”). This method splits into three
sub-tasks. The first one aims at communicating to the student that he is right for
the current result. The second task aims at recalling the context of interaction.
In our case, the method that is applied for doing so is to “Highlight a correct
reasoning step” because (1) the inference step that he has used to justify his
result is correct (satisfaction of the Selection context criterion), and (2) the
result that the student is justifying is correct but anticipated (satisfaction of
the Interaction context criterion). Finally, the third task aims at refining the
diagnosis since we have decided that the student has to explicit each of his
reasoning steps, and that he has omitted some of them (the current result, “the
objective is to maximise the margins”, is anticipated).

Fig. 5. The T&M decomposition for making comments on a correct result

4 Discussion

We have used the same Task/Method paradigm for modeling the pedagogical
module, expert model, and diagnoser. In doing this, the whole system is en-
dowed with reflective capabilities that allow it to dynamically analyse parts of
its knowledge-bases in order to manage the interaction. This is the case when
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the system has to trigger the domain expert model in order to be able to se-
lect between the possible methods. That is, the system can detect that some
information is required in order to select between a task or a method, and can
dynamically launch the reflective modules that will retrieve this information.
An example of this reflective process may occur when the task “Comment on
some results” (cf. fig. 4) is being performed: for a remarkable configuration to
be detected, one must determine whether the correct but anticipated result is a
logical conclusion that can follow from the correct and incorrect initial results.

The problem-solving model has been implemented, and the interaction model
is currently under implementation. In both cases we use the DSTM frame-
work [5]. An important advantage of the T&M paradigm is that the designers
explicitly state the pedagogical knowledge. As DSTM flexibility allows a strict
structural correspondence between the implementation and the model, this re-
sults in a KB in which the pedagogical expertise is explicitly represented. This
greatly simplifies any subsequent modification of the KB and leads to a KB that
makes sense both for the designers and the teachers.

The pedagogical relevance of the interactions provided by our system has
been confirmed from a theoretical point of view by the pedagogical expert of
our team. In order to carry out an experimentation with students in real situa-
tion, we are currently refining the implementation of the current version of the
tasks and methods that manage the interactions (the selection mechanisms being
directly provided by the DSTM framework). We believe that such an experimen-
tation will bring to light new remarkable situations and/or new fine-grained level
interactions.
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