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Abstract. If teachers use few ILEs (Interactive Learning
Environments) with their students, it may be beeatiey don't
have the opportunity to act upon the available remvnents. To
permit the adoption of ILEs by teachers, theseesystmust be
adaptable to the learning context and to the teacpedagogical
approach. To achieve this we propose a module diedico the
teacher in the conterff the AMBRE project. This module, MBRE-
teacher, allows the user to configure the ILE hataao use. We
identified the functionalities necessary to adapA&BRE ILE. We
notably designed a knowledge based system allottiageacher
to generate the problems he wants to propose tstinients in the
ILE. Our approach is implemented formBre-add, an ILE
proposing word additive problems in elementary stho

Keywords. adaptation of ILE, role of teacher, problem
generation, knowledge.

1. Introduction

The AVBRE project is a multidisciplinary study in computesiesice, cognitive
sciences, mathematical didactics and educationahse, which aims at designing
learning environments for the acquisition of a #fpeenethod in problem solving. In
each application domain, a method is based on ldesification by the learner of
problems and solving tools. We propose, to helpléaener acquire such methods, to
use Case-Based Reasoning, a paradigm developatifinidl Intelligence and inspired
by research in psychology on reasoning by analédter the evaluation of a first
prototype for the numbering problems domain (fisaientific year level, 18 year-old
students), we implemented and tested a completersy®r additive word problems
solving which are studied in primary schooMgre-add [13].
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In order to facilitate the integration ofv8RE in education, we conceived a module
dedicated to teachersmB&RE-teacher. In this paper, after presenting the fanetities
of this module, we describe the functionality dedid to problem generation and
present the architecture of the knowledge basedmyallowing to implement it.

2. AMBRE: “which role for the teacher?”

Most ILEs (Interactive Learning Environments) focaa the computer/learner
couple, thus often masking the important role efckers in these environments [17].
ILEs rarely consider the teacher as a potential disginct from the learner. Besides,
we can notice that only a very small part of ILB&lligence is devoted to teachers.
Now it seems essential to consider that teachéaiseps distinct from learners’ one in
ILEs, and that a part of the system should be dgesifor him [1] [10]. For this, it is
necessary to identify the different roles that kems may play in ILEs: designer or
design partners, prescribers or user.

Designer or design partnerThe teacher can take part directly into the ILEigle,
this can be achieve by taking him into accountiffedent manners [7]. Participatory
design [16] allows teachers to be actors of thégdeshey are not only observed and
guestioned about their practices, but also integra the design process, where they
can make innovative propositions and even partieigrectly in the design choices,
thus allowing the creation of a software really chiig their needs and real practices.
Informant design [15] can be defined as an appreatiing users as informants during
design, without restricting them to a passive rblg,not either considering them as full
partners. For example they can work with the destgon prototypes, but don't take
part in final decisions.

Author The teacher himself can be an ILE designer as afsan authoring tool.
Such tools allow teachers to build educationalveafé. As ILEs are very complicated
software, authoring tools are generally limitedtlie creation of courses resources or
intelligent tutoring systems. GenDoc, developedthe context of the ARIADNE
project, is an example of such systems [4].

Prescriber In most ILEs, the teacher has the role of prescribe chooses the
system to be used by his pupils, according to &é&ls and pedagogical choices.

Secondary userThis is the most frequent role of teachers in |Lsstly implicit.
In that case, the ILE is mainly centered on thenleg but leaves a place to the teacher
to handle the use of the ILE. The teacher can #uapt and personalize the system
dedicated to learners, add pedagogical situatiatex;act with learners during the use
of the ILE, but also make a report of the learnsession. The teacher thus uses the
ILE to adapt it into his pedagogical strategiesj &m its main users, the learners, as
permitted for example by the systems Roboteachré]Aplusix [11].

Main user Some systems are dedicated directly to the tedmpgroposing him
tools helping him in his work. ILEs of this typeJsaan approach centered on the
teacher and not on the learner. This is the cas&pobfilea environment which
proposes a set of tools to facilitate the followirmof learners by the teacher [8].
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In the AVBRE project, if several teachers took part design partnersin the
framework of differentiated design [7], teachersdjar role ismain user of a module
dedicated exclusively to them. Thus they explidiflige their role ofecondary userof
the AVBRE learner module through the proposed environmgnadapting and defining
the parameters of the learner environment. Finaigchers keep their role of
prescribers, by choosing the ILE used in their classroom.

3. AMBRE-teacher

In the context of the MBRE project, which gives rise to the creation of ILEs
intended to learning methods, we want to proposé¢heo teacher an environment
allowing him to tune the learner environment, teate sequences for the whole class or
specifically for some learners, and more partidyltr generate problems to be solved.
This environment, specifically intended to teachieas to match their needs and to
permit them to integrate and adapt ameRE ILE to their approach, to their
pedagogical strategies, but also to the contextghich they work. For this, MBRE-
teacher allows them to generate problems, to créseing sequences (sets of
activities intended to learners) and exercises #senbut also to tune the learner
environment, to create lists of pupils and to ass$ig work (sequences and exercises)
to classes or learners.

The learner environment tuning consists of the personalization by the teacher of
the learner software interface: mainly colors amjliage choice. MBRE-teacher must
also permit teachers to establish the list of leesffior their classes.

Some exercises, created by the designers, aristiathwith the ILE. But in order
to allow teachers to propose problems with charmties that they define for their
learners, AMBRE-teacher includes problems generation module This generation is a
possibility offered to teachers, not an obligatidhis approach seems therefore to be
necessary to increase and vary the set of exerofs@sBRE ILE, and to adapt the
wordings to the learners. To generate a problenbetosolved in the MBRE ILE
consists of proposing a wording in natural languagéd a description of the problem
consistent with the solver used by the learnemsott. From the teacher point of view,
generating the problem consists of specifying sohaacteristics of the problem. The
problem generation can be more or less automateend@ng on the teacher’s choice:
he can either specify all the problem charactesstonly some of them, or none of
them.

We also want to offer the teacher the possibititgreate learning sequenceésets
of problems to be solved in one or several sessidnsoftware use) by using the
learning material (the problems) that he creatdds Tunctionality can permit him to
instantiate his strategy and his pedagogical agbrday integrating, as he wants, the
problems of his choice in a sequence. For thisprepose to the user two ways to
create a sequence: manual or automated. For theaeneation, the teacher selects the
exercises he wants to integrate in his sequencecadechoose to make them appear
chronologically or randomly, depending on his stggt For example, he can create a
sequence in which the difficulty level increasesgoessively with the problems to be
solved. In that case, he will choose by himselfdraer of the problems presentation in

RR-LIRIS-2009-017
AwBre-teacher: a module helping teachers to generate problems, S. Jean-Daubias, N. Guin. 3



the sequence. The teacher can then define the ibelwdvthe learner software for the
exercises sequence: number of attempts allowethétearner for each exercise step
(and what to do if this number is reached), nunadfeserification or help functionalities
uses allowed during one exercise, behavior of thgrmbsis (always diagnose or let the
learner make mistakes at certain resolution stegis),We define the default behavior
for all exercises of the sequence. However, if thacher wants to integrate a
progression in the sequence, he may define a diffebehavior depending on the
exercises (he may thus for example allow the higlees! of diagnosis at the beginning
of the sequence and reduce it progressively). f@attomated creation of a sequence,
the teacher chooses only the exercises folder iohathe system will take the exercises
and the number of exercises he wants in the sequérite system then chooses
randomly the exercises. The teacher can then mtw#fsystem’s propositions (delete,
add or replace a problem), or reorder exercisdsrdiitly, define a specific behavior,
etc.

AMBRE-teacher must also allow @ssign the workto learners, that is to say to
associate the whole class or each learner wittooseveral sequences. The teacher can
propose the same sequences to all of his studestsose to individualize learning by
proposing specific sequences to certain learners.

To allow the teacher to entirely adapt the gendrat®blems to his environment
and to his students’ contextMBRE-teacher will permit tananage surface features
that will be used in the exercises. The teacher thay create, modify and delete
exercises themes and surface features linked tthémees (for example specific objects
and characters, associated actions, etc.).

4. A problem generator for AMBRE

We have chosen a semi-automatic generators appféa¢h4] [5], which builds
the wording of the problems, but let the user weee in the creation process. Actually,
on the one hand, automatic generators [1] [12}nfteng no interaction with users, are
not suitable to our aim. On the other hand, mageakrators [3], like authoring tools,
are not able to solve the problems they allow @t nor to propose any diagnosis of
the learner’'s answers or help functionalities.

An AMBRE ILE is based on a knowledge based system whidébsren a problem
solver and allows to provide the learner with hedpdiagnosis of his answers and
explanations concerning his errors [5]. The prolslgmoposed to the learner must be
understandable by the solver to allow the ILE tovjide these functionalities.

With AmBRE-teacher, teachers can influence the problems tmémerated, by
specifying a set of constraints on the exercisgget®erate. As the problems are built by
the system from these constraints, the result ef ghneration will not only be a
wording in natural language, but also a model efgiloblem usable by the solver.
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4.1. The problem generation environment for the teacher

We designed and implemented a tool for problem iggiom dedicated to teachers,
for the word additive problems domain suited tasfe-add used in primary school.
Problems of this domain describe concrete situatidor example a marbles play:
“Alex had 32 marbles. At the end of play, he hasH&w many marbles did he win?”.
This domain has been widely studied in mathematitddctics and several problems
classifications have been established. The oneseénuAvBRE-add is presented in [5].

For word additive problems, the teacher can definastraints of four types:
structure features, surface features, values amdplocation (Figure 1 gives an
overview of constraints available invBRE-teacher).

Z-‘Pruhlems generation =10 =]

GQuit  Complements

Autornatic |

Report Preview
complication

Structure | Surface features ‘ Values |

Its four pm. Ethan had red
marbles before playtime. He lost
Themes game twenty-seven of themby playing

Class: with his friends. Now he has
= twenty marbles. Lookfortheinitial
: (Mot specified
Urkneun number of Ethan's rad marbles

Objects

Structure Surface leatures

substract 27

Characters | Connected student

Yalues Automatic complication
Interval for the values, Complexity of the vocabulan : lewvel 1 The problem is written:
min; 20 Complexity of the situation ; level 2 2-27=20
. The calculation is written
iz ;40
. - . 20+27=7
Difference between the values; Wwiting of numbers in full The solution is
min: 5 47
max: 10 Add 1 sentencel(z] with a level less than or equal to 2 The answeris:
. Ethanhad 47 red marbles
Carmy-aver permitted
+
Save the stucture | Generate problems 'l u Q |

Figure 1. Report screen of the teacher environmertf AMBRE-add,
with the preview of an exercise generated by the stem.

Thestructure of a problem to be generated corresponds to #ss df the problem.
This class is defined by several attributes thatbmset or not.

Surface featuresare the elements that complete the produced wgrdine teacher
can specify some elements of this category, fomgka themes, objects and characters.

He can also choose tlialuesof the data that will be used in the problems efirgk
an interval for each required values and the wadiffdrence between min and max
values, allowing the carrying over or not, etc.

Complication concerns all options proposing to complicate thedmg of the
problem to adapt it to the students’ level. Designithis part required a close
collaboration with teachers to identify their neetise environment proposes language
complications and complications of the wording lfitsEor word additive problems,
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complication takes the form of vocabulary used tamd of phrases complexity, writing
of numbers in full, modification of the sentencedes, addition of distractor sentences,
addition of non pertinent data.

Not all constraints are mandatory for the exercisesation. Constraints not
specified by the teacher will be randomly defingdtiie system. Figure 1 presents the
report screen of the teacher module efsfke-add. This screen sums up the constraints
defined by the teacher for the four categoriesomistraints and presents an example of
problem which could be generated from these canstra

The four categories defined for word additive pesh$é are not reusable as it for
another application domain of MBRE. Nevertheless, structure features, surface
features, and probably complication will still becessary. Values will only be present
for numerical domains.

4.2. The GenAMBRE architecture

The problem generation process that we establishdte GENAMBRE architecture
takes as input the set of constraints specifiedhleyteacher and gives as output two
elements: the wording of the problem in naturalglzage for the learner and a
computer-usable formulation of the wording namedcdptive model of the problem,
for AMBRE problems solver.

The problem generator architecture fon#RE is presented ifigure 2 and each of
its components is presented in the following of #eetion. For a D domain (for
example the additive word problems domain), the fmowledge bases of tidemain
level required by thgeneration level must be defined by using the domain independent
formalisms of knowledge representation. The prob@gmeration process is done in
two stages: the system builds a problem generatiotel, then builds the wording in
natural language and the descriptive model of tlblpm. Both these processes are
domain independent. Both processes and the knowlddges of the D domain,
constitute together a problem generator for theoBain: GenMBRE-D.

Classification knowledge For each application domain, an expert gives MBRE
solver, and consequently to Gem#RE generator, a problems classification graph. This
hierarchy of classes is used by the solver to ifyaise problem. This is a domain
dependant class hierarchy, but its representagitimei same for all domains.

Knowledge of the themesTo generate a problem, it is necessary to know the
concerned theme and the associated surface fedfaresxample objects, characters
and actions). Knowledge of the themes is givenhieyexpert, or created by the teacher
himself, through the surface features managemedtte®f AVBRE-teacher.
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Domain level

Theme Classification Complication Sentence Grammatical
knowledge knowledge knowledge knowledge knowledge

Generation level

Generation of the
problem wording

Generation of the
problem model

Problem level

Constraints Generation Wording of the problem (natural language)
of the problem Descriptive model of the problem

Legend: [ | Knowledge base <> Process

Figure 2. The GenABRE architecture.

Complication knowledge For additive problems, complicating a wording nhain
consists in changing the sentences order and addisgjactor sentences. So
complication knowledge answers the following quesi how can one modify the
order of the sentences of the problem? What distragentences can we add to
problems and where can we place them?

Generation of the problem model processFrom the three knowledge bases
previously described and from the constraints kagda) the teacher, the system has to
generate what we call a generation of the problesdeh This model is an extensive
descriptive model, because it also details thelpmlzlass and its theme. To build this
model, the process fulfills the constraints defitgdthe teacher, notably by choosing
random values for the undefined constraints.

Grammatical knowledge The domain expert must furnish a grammar to the
generation system, that is to say a set of serdesteectures that could be used in the
domain.

Knowledge on the sentence§he generated sentences, notably their structure,
depend on the class of the problem. It is therefmeessary to know what sentences
structures (from the grammar) could be used forpttedlem to be generated to permit
to generate the wording in natural language. Soyedge on the sentences allows to
associate the class of the problem to the usablersees structures, and the associated
elements of the problem.

Generation of the problem wording processTo generate a wording in natural
language, the process uses knowledge on the seastand domain grammar, as well as
the generation of the problem model previously tegaKnowledge on the sentences
allows the system to take conceptual decisionsidderwhat to tell), then the process
goes to the text generation step, and establigimtacsical treatments (deciding how to
tell it), lexical and morphological treatments (ifeg how to write it).
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4.3. Implementation of AMBRE-teacher for AMBRE-add

We implemented this generator for the domain ofdwvadditive problems, by
supplying our generic architecture with all the Wiexge bases necessary for this
domain. The ABRE-teacher interface is done in Delphi. Prolog isduder the
knowledge management part and all Al treatments.LXfiles are used for the
communication between Delphi and Prolog.

John is at school with Paul. Before
playtime, he had thirty-five
marbles. Now he has forty. How
many marbles did he win or
receive from Paul.

=l < [«

The problem is written:
35+7=40

The calculation is written:
40-35=7

The solution is:

5
The answer is:
Johnwon 5 marbles

Emily and Anthony are in the
playground. Emily had thirty-six
green marbles before playing.
After, she has thirty. Look forthe
number of green marbles lost or
wan by Emily during the play.

= B

The problem is written:
36-7=30

The calculation is written:
36-30=7

The solution is:

6

The answer is:

Emily lost 6 green marbles

Its four pm. Ethan had red
marbles before playtime. He lost
twenty-seven of them by playing
with his friends. Now he has
twenty. Look for the initial number
of Ethan's red marbles.

substract 27

s

The problem is written:
7-27=20

The calculation is written:
20+27=7

The solution is:

47

The answer is:

Ethan had 47 red marbles

Figure 3. Examples of exercises generated by Ambteacher for Ambre-add: problems and solutions

(translated from French).

The system allows to create problems faefRe-add. On one handM8RE-teacher

generates problems wordings in linguistically cotreatural language, matching the
constraints defined by the teacher and suitabledchers’ expectations (cf. Figure 3
for examples of generated problems and solutiods).the other hand, it generates
descriptive models of the problems (cf. Figure 4sé@ the descriptive model of the
third problem of Figure 3) suitedMBRE-add’s requirements (Figure 5 shows the use of
this problem in the learner module).
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wording_natural(EXres_sub_val,'lts four pm. Ethan had red marbles before playtime. He lost
twenty-seven of them by playing with his friends. Now he has twenty. Look for the initial number
of Ethan’s red marbles.).

wording_plan(EXres_sub_val,[[['number of Ethan’s red marbles', 'initial"]], 'lost', 'twenty-seven
of them', 'has twenty']).

distractor_sentences(EXres_sub_val,['lts four o’clock pm.").

theme_pb(EXres_sub_val,game).

fact(problem(EXres_sub_val)). |fact(is_a(e,set)). fact(size(m27,27)).
fact(verb(EXres_sub_val,'lose"). |fact(all_element(e,z)). fact(has('Ethan',t2,m20)).
fact(action(EXres_sub_val,p)). |fact(is_a(z,'blue marble")). | fact(is_a(m20,set)).
fact(is_a(p,play)). fact(size(e,t)). fact(all_element(m20,x)).
fact(participants(p,'Ethan',i)). fact(lost('Ethan',p,m27)). |fact(is_a(x,'blue marble")).
fact(is_a('Ethan’,person)). fact(is_a(m27,set)). fact(size(m20,20)).
fact(play(p,t1,t2)). fact(all_element(m27,y)). |fact(to_compute(EXres_sub_val,t).
fact(has('Ethan',t1,e)). fact(is_a(y,'blue marble')).

Figure 4. Example of descriptive model of a problengenerated by ABRE-teacher for AMBRE-add
(translated from French).

A, Ambre - problem solving : Jane x|

Menu

Reading the wording

Rewriting the problem | Choosing an example

Writing 2 solution Staring the problem

Wording of the problem

lts four prn. Ethan had red marbles before playtime. He lost twenty-seven
of them by playing with hig friends. He has now twenty marbles. Look for
the initial number of Ethan's red marbles

Choose a dingram to represent Show what iz to be found Write what is known
the praoblem
l:‘ l:‘ subtract '"F
] DI Z

I've finished

Figure 5. Example of a problem generated by MBRE-teacher used in MBRE-add, the learner
module.
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5. Conclusion

In this paper, we presented how we designed a raatkdicated to teachers for the
AMBRE-add ILE, to allow them to adapt the ILE to therieag context and to their
pedagogical approach. By adopting a generic approae identified, with the help
from teachers, functionalities that a teacher medulst propose for anMBRE ILE
(AmMBRE-teacher). We have also enabled the teacher tagcwefthe environment,
generating problems suited to his needs, creatagning sequences suited to his
students by choosing the problems and the behadficthe ILE, assigning these
sequences to his students, and creating new thefneeercises.

These functionalities are implemented for the wadditive problems domain. For
this, we designed a problem generation system wharehitecture is domain
independent. Even if we integrated teachers inddésgn of AMBRE-teacher, it is now
necessary to evaluate it in actual classroom gitumtwith a significant number of
teachers. Finally, we must also validate the fumetiities defined for ABRE-teacher
and the genericity of the GemB&RE architecture by implementing a teacher module for
an AVBRE ILE for another domain.
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