N

N

A Diagnosis Based on a Qualitative Model of
Competence

Stéphanie Jean, Elisabeth Delozanne, Pierre Jacoboni, Brigitte Grugeon

» To cite this version:

Stéphanie Jean, Elisabeth Delozanne, Pierre Jacoboni, Brigitte Grugeon. A Diagnosis Based on a
Qualitative Model of Competence. AIED 99, 1999, Le Mans, France. pp.491-498. hal-01434722

HAL Id: hal-01434722
https://hal.science/hal-01434722
Submitted on 25 Aug 2017

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01434722
https://hal.archives-ouvertes.fr
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Abstract: The main focus of the PEPITE project is how tdlca
system that helps teachers to assess studentmnierary algebra. We
describe here prototypes yet tested in actual rdasss and we share
our experience of designing practically useful slaesms tools in a
participative way. The methodology adopted is a lwoation of work
in mathematics education and user-centred desigivede from
Human-Computer Interaction research. Starting fr@an multi-
dimensional model of competence in algebra thdudes quantitative
and qualitative descriptions, we first show howsigapplied to analyse
both paper-and-pencil tasks and computerised taskssecondly how
it is applied to analyse the students’ producti@hen performing those
tasks. Then we present the prototypes developadttomatically build
students’ profiles. Finally we discuss the validatprocess of such an
assessment system and our research results.

Keywords: Interface design, evaluation of instructional tegs
assessment of student’'s competence, elementatyralge

1. Introduction

The aim of the PEPITE project is to develop a toohelp teachers in assessing students’
competence in elementary algebra. The 15 yeardnidests enter French general high
schools coming from French college or vocation&losts. Most of them encounter strong
difficulties and the educational system fails tdphthem in overcoming those difficulties.
As we started this research, our aim was to unateisthe reasons of such dysfunction, to
identify the necessary conditions to a positive l@wan, to create appropriate learning
situations likely to help evolution of students’dmledge. The idea is to seek out, in the
student's way of functioning, theuggetsof knowledge (in French,pépite$) to use as a
basis to build some new knowledge. One of the tesafl this study is tools enabling
teachers to interpret students’ production in otddmd starting points to modify students’
knowledge. The PEPITE project is the first partaofarger project (not presented here)
which aims to assist teachers in choosing acts/if@r students or groups of students
corresponding to the starting points highlightedPBPITE.

As pointed by Conlon and Pain [3], applied AIED d&éa research methodology that
gives a central place to collaboration among teachiesearchers and technologists”. HCI
research proposes such methods (user-centred dgsagticipatory design, usability
engineering) [13] [11]. These methods suggest tisars (actual students and teachers)
must participate in the design process from they \m¥ginning. We present here our



experience in such a multidisciplinary approach distuss about validation process of
assessment system.

In such an approach, the focus is on how to colieletvantandreliable data with a
computer tomake sensef students’ behaviour according to teachers’ se&dthis paper
we assume that teachers’ needs are expressed oua of competence derived from an
educational research presented in section 2. Thidemgives the kind of results the
diagnosis system has to produce (the studentsilgspfRelevanceof the collected data
refers to the modeReliability refers to the biases introduced by using a comgurte thus
refers to interface design problem® make senseefers usually in Al community to
diagnosis techniques. It refers also to cognitine apistemological assumptions about
nature of competence in the domain.

Presently in our work we dealt more with difficutty clarify the model of competence
and with interface design problems than with diagmtechniques. So we focus in this text
on how to ensure quality of incoming data thatinspur opinion, of most importance in
relation with our objectives.

We here firstly present the educational basis af wark. We then introduce the
research objectives of PEPITE project and the géramnchitecture of the system. We
describe each prototype we have implemented andalislation. We point out that
difficulties in designing and implementing suchoftware are not only a diagnosis problem
as well known in AIED community, but first an intece designing problem. Finally, we
discuss the methodology of validation of PEPITE andresearch results.

2. Educational basis

We begin by presenting what teachers want to knbautstudents, we then present our
theoretical framework about mathematical learning aur model of competence in algebra
on which our work is based. This section ends witghpresentation of the paper-and-pencil
diagnosis tool we built.

2.1. What do teachers want to know?

Assessment systems are very often short-item t@sisisting of questions that can be
answered in less than one minute each. Such sygfiema description of student’s state of
knowledge in term of rates of success / failure.m@re popular approach in AIED
community bases assessment on student modellingliflthose systems the representation
of student’s knowledge consists of a set of rid@gh expressing some small aspect of the
domain. This set includes rules for most commoncamseptions. A student model is a
fine-grained report on student’s skills. For exaenpt OLAE [15], the student model
reports the probability of mastery of around 29@su

Teachers and mathematics educational researchensr qiroject found inadequate the
level of rule mastery to make decisions about eidarg algebra teaching. It is not the only
dimension of algebra competence.

Let’'s take an example. Figure 1 shows a studewotigtion for a classical problem. In
term of rules we could say that Karine uses faniiocmrect rules:

X+a-Xa

axtb - (axb)x

ax-x-a-1



A prestidigitator is self-confident while oc bE = Fac

carrying out the following trick. He says tg a 3 &D(CKDCE 23U+ 3= = L3ag

player: AVt ocwyy = 2852

"Think of a number, add 8, multiply by B, T35 4z 2y 3

subtract 4, add the number you thought| of, et Lz b

divide by 4, add 2 and subtract the number Eoe + 2 = B 3ec

you first thought of: you have found 7. “ ® % - = =} N
Is this affirmation true? Justify your answer, o Soluliicn @nb bige égai dL}_l

Figure 1la: The prestidigitator problem Figure 1bakKne's paper-and-pencil answer to the

prestidigitator problem

Teachers in the PEPITE project observe three paimsthen give an interpretation:
— Karine reduces algebraic expressions in ordembtaiiw a result without operator symbol
at each right member of an equality. This diffiguié reported by Davis [4] agrocess
product dilemmaNonetheless, Karine’s algebraic formulae keepnmegin relation with
the problem and let her use incorrect rules bt edsrect ones: 3(x+8) 3x8x - 24 + 3x.
— Karine translates each sentence of statementan& symbolic expression: Teachers
interpret this translation as an algebraic stratj@gyery close to an arithmetic one.
— It is possible that knowing the result stirs Karinto using incorrect rules to obtain 7.
Karine has constructed malrules coherent with baception about algebra as a formal tool
to compute a result. In order to help her, it i$ efficient enough to show her the right
rules. Teachers have proposed to her problem isiigainvolving algebra as a proving tool
and emphasising the equivalence meaning of equal si

To adapt mathematical activity to student’s stdtknowledge, teachers need more than
a quantitative description of student’s behavidirus we intended to define a qualitative
description in order to help teachers to choosguate students’ activities.

2.2. Assumptions about mathematical learning

Making sense of learner's behaviour is closely dithko a theoretical framework about
mathematical learning. In this section we preseatimptions that found our research.

In order to analyse the dysfunction mentioned apasefeel necessary to define a kind
of reference for algebraic competence at this léxd made a synthesis of mathematical,
epistemological, didactical and cognitive reseavorks in algebra learning.

According to Douady [5] mathematical concepts hsw@ non-independent dimensions:
a tool status and an object status. As far asabledimension is concerned competence is
expressed in terms firstly of ability to build abyeic expressions and relationships in order
to translate (for instance a verbal descriptioa groblem) and to interpret them. Secondly
it addresses the ability to choose adequate algdaio@s to solve problems. Different kinds
of problems are involved with this tool dimensiarcls as translating problem situations
into equations. As far as the object dimensioroiscerned, we take into account the duality
of the algebraic expressions when manipulating tHemmally: both semantics and
syntactic objects. Competence is then expressddrins of status of algebraic objects,
manipulative ability and articulation between th&@mantic and syntactic attributes linked
with other semiotic frames (algebraic, numericatpiical and geometrical frame and
natural language). At this level, we need to comsithat algebraic thinking requires a
rupture with arithmetic thinking and requires di®k to interpret algebraic expressions
both at a procedural and a structural level ardktelop a necessary flexibility between the
two kinds of interpretations [8] [12] [16].

! Translation: “the solution is actually 7”.



2.3. The multidimensional model of competence in algebra

Based on this theoretical framework, we have beeserwing students’ behaviour in
mathematical classrooms activities during a longope(all the school year round) and
have linked those observations with analysis oirtegercise books of the previous year
[6]. This study highlights that students’ produosgpresent coherence and regularities that
correspond to their personal knowledge. From thidyswe kept four dimensions to have a
gualitative description of students’ algebraic bebar (cf. figure 2). This model is used
firstly to analyse tasks on which students are egspg to learn algebra and secondly to
analyse students’ productions on those tasks.

— using equal sign — good technical mastery
+ announces a result — weak technical maste(g.g.: not
+ expresses a symmetric and recognising of remarkable identities)
transitive relation Manipulating | ~ incorrect technique

— calculating with arithmetic numbe algebraic + bad using of brackets (leading to good /
+ correctly formulae bad result)
¢ incorrectly + using identified malrules

— using letters + sign errors while transforming

arit::r?ergc - + correctly (as unknown to write - confusing + et x
ra | Siuotor s varble 0 ©01es | Trangaing |~ Corecy
from a frame correctly but unexpected

numerical property)

¢ incorrectly (as generalised
number to substitute numerical
values, as unspecified to
manipulate formulae with incorre
rules, as label or shorthand for a
concrete object)

¢ never using

—incorrectly (e.g.: square of sumc+y?)
— abbreviating

- using algebra

- using legal rules

Justifying |- using formal rules

- arguing in natural language

- using numerical example

- no explanation

Figure 2: Qualitative model of student’s algebraiehaviour.

to another

2.4. The paper-and-pencil diagnosis tool

Combining this multidimensional model with an acchs®t of paper-and-pencil tasks we
designed a tool enabling teachers to interpresth@ents’ productions in order to establish
their profile. This set of tasks has been careftilgsen by researchers and teachers to cover
each model dimension. Three types of tasks areopsmp to students during a test.
Technical exerciseaim to determine the level of mastery of formalnipalations.
Recognition exerciseaim to determine how students identify and intetrpalgebraic
expressionsModelling exerciseaim to identify if students use the expected algeltype

of treatment, how they translate problems into laige frame and how they use adapted
tools to solve problems.

Matching students’ answers to the model providdsgnosis matrix of values (40x60)
linking questions and dimensions of analysis. Meis/ fine description of the behaviour is
too detailed to be used by teachers. It is necgssagstablish a higher level description:
students’cognitive profiles These profiles have three levels of descripteoquantitative
descriptionof algebraic skills in terms of success ratesefach type of tasks, a description
of flexibility between algebraic frame and other franfeepresented by a diagram) and a
gualitative descriptiorof functioning coherence.

This paper-and-pencil diagnosis tool has beendestgeral times. It has in particular
been tested in June 1996 on 600 students (21 slasske7 teachers) of a third form class.
This experiment has pointed out that it was diffiand boring for teachers to fill the
diagnosis matrix for all their students becauseetimding of the students’ productions is a



very difficult diagnosis task that needs an impartdidactical expertise. Moreover when
several teachers encode same students’ tests,odiagnatrixes may be slightly different
but cognitive profiles are in the end identicalsééems to indicate the soundness of the
diagnosis tool with respects of teachers’ experdisd their acceptance of the algebraic
competence description. Furthermore, teachersvedah the experiment are excited at our
project to computerise the boring part of the dasis

At last, the students’ paper answers coming froim éiperiment have been used as a
corpus for the conception of the PEPITE projectdbed in next section.

3. The PEPITE project

The PEPITE project intends to demonstrate thas fpdssible to collect with a computer
data on students’ competence from which expertsheaid students’ profiles, that it is
possible to automate this diagnosis and that ipassible for teachers to use these
automatically built profiles to make decisions it classrooms.

Thus, PEPITE software contains three modul&siTesT collects students’ answers to
problems adapted from the paper-and-pencil task®DRG automaticallyfills the
diagnosis matrix from data collected bgPHEST, PEPIPROFIL from this diagnosis matrix
computes the students’ profiles and presents tbehmetusers (teachers or researchers).

3.1. PePITEST

PEPITESTIs the student interface: it provides problems gaithers students’ answers.

In PEPITEST design, we firstly pay very much attentiorusability problemsindeed it is
crucial in an assessment environment where cotled&ta had to be interpreted as
competence indicators and not to be biased byfamermanipulation problems. Ease of
learning and short learning times are paramounause students take the test only once.
Iterative design is strongly recommended for emguinterface usability throughout the
HCI literature [10] [13]. In [7] we have discussettans to evaluate usability: ergonomic
criteria, guidelines, expert walkthrough and pikxst with users [2].

Secondly, we had to creatéHTEST tasksas close as possibte paper-and-pencil tasks
in order to get answersquivalentto paper-and-pencil ones. Equivalent means that an
expert or BPIDIAG could interpret them to fill the diagnosis matriet us note that the
multidimensional model of competence is used bottiagnose students’ productions and
to evaluate the PEPITE tasks. Transferring pemmHsaper exercises and tools to
computational environment is not so obvious. Itnges the tasks and has consequences on
students’ productions. Balacheff [1] calls theéemputational transpositionThe main
problem in BPITEST is that writing an algebraic expression with a pewery different
from typing it on keyboard. From students’ pointwvaéw, without a specific editor, they
have to translate a spatial representation of xpeession (e.g. a fraction) into a linear one.
From assessment point of view, this translatiomothices a difficulty that can disturb
diagnose acting asdistorting mirror (introducing bias) or that can make visible noignal
invisible indicators, acting as @gnitive microscop§¢l4]. We can propose an algebraic
expression editor but it is not yet so easy fodst to use it. No EPITEST version
presented here integrates this editor.

Thirdly, we bear in mind the difficulties in integiing students’ open answers. We
could have use form-based user interface allowinglents to express their approach
without using natural language nor typing algebfaitnulae. But it is necessary to allow
students to express themselves without monitonsgvars, in order to capture for instance



their kind of justification or their writing of atpraic formulae. So, we have limited open
guestions but not to much in order to ensure tsieciempleteness [7].

Presently BPITEST runs with 22 problems, with 32 closed question8, ahswers
requiring algebraic expressions and 31 answerg Umith algebraic expressions and natural
language.

As a formative evaluation we first set up a pikstton October 1996 with 25 students
in a high school classroom. As far as the usabii#&g concerned, some minor changes in
the test rise to evidence: For instance the basaitipalations (such as carriage return, drag
and drop etc.) have to be taught to some studbluisetheless students have found easy
using EEPITEST 1. As designer, we enjoy that, in spite of difficess in writing algebraic
expressions, students have produced such expressemd moreover, educational
researchers succeed in interpreting them.

PEPITEST 2 was tested on June 1997 with 43 students inctasses in order to validate
PEPITEST as data collector for diagnosis. Educational reseas in our team were
enthusiastic: they were suspicious£PHEST would reduce the range of students’
productions. For each question, we have found ekiey of expected answer proposed in
our model of competence in algebra. Thus it shogsTRST completeness in relation with
the model of competencln regard to algebraic formulae, as we expecttatjents had
difficulties in producing them. But, those diffitiéls do not prevent them from answering
with algebraic formulae. According to teachersyame student out of 43 seems to modify
her answers. Thus it shows that the expressiomreditwelcome and useful but may be
temporarily bypassed. Finally, educational reseacitan fill the diagnosis matrix from
students’ answers toEPITEST problems and the teacher of the class could cuanfire
profiles thus obtained. So it shows the validityPaPiTESTIn relation with the paper-and-
pencil diagnosis tool.

3.2. PeEPIDIAG

PEPIDIAG is the diagnosis module that analyses answer&rd@ £5T and fills the diagnosis
matrix. Closed questions are easy to analyse becaesnanage to design the interface so
that each choice matches expected skills in thepetence model. Exercises requiring
entering answers with algebraic formulae are maffecalt to deal with. Besides linking
them with the model skills it is necessary to agpynsformations to students’ productions
in order to normalise them (commutativity, assaeatess, etc.). In remaining exercises, in
addition to the well-known difficulties processingtural language answers, we face with a
segmentation problem, when algebraic formulae ogtxed with natural language.

For this module we presently obtain two main resuRirstly, EPIDIAG is able to
automatically analyse every closed answer and esienple algebraic expression answer.
So we analyse 75 percent of students’ answersol BT problems. Secondly, we ran
PEPDIAG on every student’'s production of our corpus: tlgsten fills the diagnosis
matrixes. In order to correlate this partial diagjsowvith human assessment, we choose 5
students with different levels of competence andasked an expert to fill manually the
diagnosis matrix. BPIDIAG and the human assessor were in agreement. Thatrties we
can already partially automate the diagnosis, alyaing the remaining 25 percent
answers still has sense to obtain the completenfedse profiles, particularly concerning
the use of letters.



3.3. PEPIPROFIL

PEPIPROFIL is the teacher interface: it computes studentilps and presents them to the
teacher. As we explained in 2.4, student’s prdiides three levels of description: success
rates, flexibility between frames, functioning cadreces. This results from algorithmic
processes merging similar answers and applyingltotds.

We yet obtain two results. With a manually fillecatmx, PEPIPROFIL computes same
profile than teacher does. And from the partialriratet filled by the system, BEPIPROFIL
builds partial profiles that are confirmed by tleadhers. This can be explained by two
kinds of reasons: the diagram representing flekyobetween frames is very informative
and, except for use of letters, the diagnosis giviesmation for each dimension.

4. Discussion and conclusion

Integrating real teachers and educational resear¢hehe design team make us focus on
student mathematical activities with early fielddies. Our approach is very close to PCM
Methodology for applied AIED proposed by Conlon dpain [3] where the development
cycle is “driven by practice but informed by, andntributing to theory”. This design
process requires an early examination of criteméevaluation methods. Human-Computer
Interaction literature recommends that evaluatiencbnsidered as state of mindwhich
must express itself throughout the design of aesyst

Our validation of BPITEST consists in verifying that we obtain equivalenswars in
paper-and-pencil test and witlEf®TEST and that data obtained from the software allows
experts to build profiles equivalent to paper-aedql ones. We evaluateePDIAG and
PEPIPROFIL by comparing how automatic profiles fit with humassessors ones. It’s called
horse-race evaluations [18] andcriterion-related validityin [15].

In regard to student modelling, referring to thedeloproposed by Balacheff [1],
PEPITEST provides a set of data that ide@havioural modelPEPDIAG interprets these data
to fill the diagnosis matrix, which is the procedlupart of theepistemic modelindeed
PEPIDIAG interprets students’ productions correlating theith an algebraic skill described
in the model of competence. The profile computedPbyPROFIL is a conceptual model
Figure 5 shows the matching between PEPITE andcBeffis model. Our validation of
PEPITEST corresponds to aehavioural morphisnbetween the behavioural models from
paper-and-pencil and machines. Agreement betweemahuassessors and PEPITE
demonstrates an “epistemological morphism betwkerepistemic model and the students’
conception as elaborated by research, that is pim@a@hich preserve the epistemological
structures” [1].

PEPITEST
students] answe Set of data
4 Behavioural model
PEPIDIAG
: - - Interpretation of data
dlagn03|$rnatr|x Epistemic mode
PEPIPROFIL
’ Transversal analysis
profile Epistemic model

Figure 3:PEPITE diagnosis tool and Balacheff's mode

We intend to develop a tool to help teachers iressag students’ competence in
elementary algebra. This tool is not yet complétetiwe have proved its feasibility. Firstly



until the algebraic expressions editor is not irdégd, it's not so easy for students to enter
such expressions. Secondly, until we progressterpreting natural language answers, the
diagnosis would be partial. Thirdly, we have to m#krge-scale experiments with teachers
to ensure the system acceptability by lay teacherspite of these present weaknesses, we
have made substantial progress toward our objectimd we have implemented prototypes
that already give results that teachers can usachbes already recognise their students in
the partial profiles made by PEPITE. Even if impottindicators are missing, the partial
profiles yet propose a good overall view of studecdmpetence.

The present PEPITE prototype already gives residiisteachers can use. In spite of its
still simple diagnosis module, PEPITE already penf® by the quality of incoming data
gathered by this interface. This allows us to ineeatally develop the diagnosis module,
working with corpus obtained from real studentstemactions with BPITEST. In our
opinion this first success is due to teachers’ eshacational researchers’ involvement from
the very beginning of the project.

5. References

[1] N. Balacheff, Advanced Educational Technologyiowledge Revisited, in Liao ed, proceedings
of the NATO ASI Serie F. Berlin, Springer Verla@9.

[2] C. Bastien, D. Scapin, Ergonomic Criteria foe tEvaluation of HCI, INRIA (RT 156), 1993.

[3] T. Conlon, H. Pain, Persistent CollaborationM&thodology for Applied AIED, IJAIED (7-3/4),
219-259, 1996.

[4] R. B. Davis, Cognitive Processes Involved inv8w Simple Algebraic Equations, Journal of
Children’s Mathematical Behavior (1-3), 7-35, 1975.

[5] R. Douady, The Interplay between Different Befs: Tool-Object Dialectic in the Extension of

Mathematical Ability: Examples from Elementary Soh@eaching, in Streefland ed, proceedings of théhn
International Conference for the Psychology of Mathatics Education (2), 33-53, 1985.

[6] B. Grugeon, Design and using of a Multidimemsib Structure of Analysis in Elementary
Algebra, RDM (17-2), 167-210, 1997. (In French)
[7] S. Jean, E. Delozanne, P. Jacoboni, B. Grug€ogpnitive Profile in Elementary Algebra: the

PEPITE Test Interface, IFIP-TC3 Official Journaldiieation and Information Technology”(3), Chapman &
Hall Ltd, 1-15, 1998.

[8] C. Kieran, The Learning and Teaching of Schalgiebra, Handbook of research on Mathematics
Teaching and Learning, Douglas Grouws Ed. Macmifiablishing company, 1992.

[9] K. R. Koedinger, J. R. Anderson, Intelligenttdting Goes to School in the Big City, IJAIED (8),
30-43, 1997.

[10] W. Mackay, A.-L. Fayard, HCI Natural SciencadaDesign: a Framework for Triangulation
across Disciplines, Designing Interactive Systelmssterdam, Holland, 1997.

[11] J. Preece, Y. Rogers, H. Sharp, D. Benyorij@land, T. Carey, Human-Computer Interaction,
Addison-Wesley, 1994.

[12] A. Sfard, On the Dual Nature of Mathematicsn€eptions: reflections on processes and objects
as different side of the same coin, Educationatli®ain Mathematics (22), 1-36, 1991.

[13] B. ShneidermarDesigning the user Interface, Addison Wesley, 1992.

[14] M. Twidale, Redressing the balance: the Adages of Informal Evaluation techniques for
Intelligent Learning Environments, IJAIED (4-2/355-178, 1993.

[15] K. VanLehn, J. Martin, Evaluation of an Assmesst System based on Bayesian Student
Modeling, IJAIED (8-3/4), 179-221, 1997.

[16] G. Vergnaud, Conceptual Fields, Problem-Sa\wamd Intelligent Computer Tools, in De Corte,

Linn, Mandl, Verschaffel eds, Computer based LewyriEnvironments and Problem-Solving, NATO ASI
serie F.40, 287-308, Berlin, Springer-Verlag, 1992.

[17] E. Wenger, Artificial Intelligence and Tutogn Systems, Computational and Cognitive
Approaches to the Communication of Knowledge, Margaufman Publishers, Los Altos, CA, 1987.
[18] P.H. Winne, A Landscape of Issues in Evalupfdaptive Learning Systems, IJAIED (4-4), 309-

332, 1993.



