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Impact of theoretical perspectives on the design ahathematical modelling tasks
Abstract

In this paper, we discuss how the adoption of dipalar theoretical framework affects task design
in the research field of modelling and applicatioMgith this purpose, we start by referring to the
existence of different reference epistemologicadet®mabout mathematical modelling to analyse better
the consequences they have for decision makingeouing designing modelling tasks and their
implementation. In particular, we present the aséyof three case studies, which have been selasted
representatives of different theoretical perspasito modelling. We discuss the impact of the chose
reference epistemological model on the task depigress of mathematical modelling and the local
ecologies suited for their implementation.

Keywords. Mathematical modelling; reference epistemologicaldels; task-design; modelling
practices; didactic ecology.

Impacto del enfoque tedrico en el disefio de tareds modelizacion matematica
Resumen

En este trabajo discutimos cdmo la adopcion de arcantedrico concreto incide en el disefio de
tareas en el ambito de investigacién de modelizagi@plicaciones. Con este objetivo, comenzamos
refiriéndonos a la existencia de distinto modelpstemoldgicos de referencia sobre la modelizacion
matematica para analizar sus consecuencias ennetde decisiones sobre el disefio e implementacion
de tareas de modelizacion. En particular, presemise analisis de tres estudios de caso, que ki si
seleccionados como representantes de diferentes|@eds tedricos sobre modelizacion matematica. En
base a estos, discutimos el impacto del modeldespiddgico de referencia elegido en el proceso de
disefio de tareas sobre modelizacién y las ecoldgi@des planeadas para su implementacion.

Palabras clave.Modelizacion matematica; modelos epistemoldgicosreferencia; disefio de
tareas; practicas de modelizacion; ecologia didcti

1. Introduction

Applications of mathematics and mathematical maatgllhave become core
elements of mathematics education across the wionithg the last decades. Research
in mathematics education has made great efforssuly the teaching and learning of
mathematical modelling, often linked to the jussfiion of and motivation for learning
mathematics (Blum & Niss, 1991; Galbraith et alQ02). Modelling has been
integrated into curricula for good reasons, as Bar#t (2018, p. 74) states:

“The importance of mathematical modelling in thdxaa curriculum is clear. It both
demonstrates the widespread applicability of matie® and enhances mathematical
understanding through inquiry. It serves as a phwerorrective to those who view
mathematics as a set of discrete facts and proesdoibe taught and learned.”

The research community on modelling and applicatioas sought to clarify and
connect diverse frameworks for designing and amagysnathematical modelling
activities (Kaiser & Sriraman, 2006; Cai et al.,12D Lesh and Fennewald (2013)
point out that one major challenge is the “concabluzziness” about what counts as a
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modelling activity. When the teaching and learnaignodelling become an object of
study, researchers elaborate on different conaeptiof mathematical modelling.

These conceptualisations take different shapesnd@pg on the perspective adopted.
The focus of our paper is to illustrate a varietyheoretical frameworks in use and the
impact of choosing a particular framework on taskign in modelling.

To analyse and compare frameworks of the reseamthmodelling and
applications, we draw on tools from the anthropmlalgtheory of the didactic (ATD)
and the notion of reference epistemological modslargued by Bosch and Gascon
(2006), when a research problem in mathematics atiduc involves a specific
mathematical content or process such as matherata#elling, researchers build a
specific reference epistemological model, thatisjsion of mathematical modelling.
Reference epistemological models are also a toolawoid assuming—without
guestioning—the prevailing way of conceiving mouhgl activities. These models
appear as alternative descriptions of the knowleatgstake, e.g. modelling, as it is
proposed to be taught and learned in school itistitsi.

Barquero, Bosch and Gascon (2019) have argued difgrent theoretical
approaches in mathematics education lead to défifezent reference epistemological
models that affect the research problems addresset the empirical reality
considered. Less explored is the analysis of theaah different reference
epistemological models have on the principles ggdthe design of modelling
practices. This is the focus of our discussion tleatls with the following questions:

What reference epistemological model does a péaticeesearch framework build to
approach the teaching and learning of mathematicalelling? What principles guide the
design of modelling practices in a given theorétitamework? What impact do the
different reference epistemological models havéherdesign principles considered?

We approach these questions by considering threerdtical perspectives: the
“modelling cycle and competencies approach”, theodsls and modelling
perspective” and the “anthropological theory of theactic”, which will be described
in the next section. Jessen, Hoff-Kjeldsen and Wing2015) analysed and compared
two teaching implementations with modelling, onenir the modelling cycle and
competencies approach and one from the anthropalioieory of the didactic. In this
paper, we go beyond differences in classroom @galiss, to analyse what defines
modelling in the three perspectives and the coressmps for design principles. We
start by presenting the reference epistemologicatieis elaborated by the three
frameworks. Then, we investigate relations betweénmse reference epistemological
models and the corresponding design principles nimdelling proposed in three
studies, one in each framework. The three framesvaik not cover the research on
“modelling and applications”, nor the three studrepresent all design principles
embedded in each of them. Still, they all displag variety of meanings of the term
‘modelling’ and why we need to be cautious with assuming general consensus. The
case studies have been selected because theyemptbe main ideas of each
framework and include examples that explicate [ples for modelling task design.
We conclude with some results from the comparatnaysis across cases.

2. Emergence and development of frameworks for modelig and principles
for designing modelling tasks

As mentioned before, when the teaching and learafngathematical modelling
become an object of study for the research communitmathematics education,
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researchers elaborate their conception of what tiioglées and how to approach it. We
refer to it as aeference epistemological mod@&osch & Gascon, 2006), which appear
as alternative descriptions of the knowledge akestan teaching and learning
processes, built from research frameworks. Inphjser, we are particularly interested
in the impact they have on the design of modeltirartices.

For analysing the frameworks’ impact on the des§mathematical modelling,
we may also refer to Kieran, Doorman and Ohtanif}@vho provide an overview of
the research in mathematics education on task medigese authors distinguish
“grand theoretical frames”, “intermediate-levelrfras” and “domain-specific frames.”
Grand theoretical frames present theories abouilepat a general level, inside and
outside of formal educational settings. Construstivearning theories, adapted to
mathematics education, are given as examples of ¢ghaind theoretical frames.
Intermediate-level frames present “the complexradtons between task, teacher,
teaching methods, educational environment, matheah&nowledge, and learning so
that the purposes and implications for task designalways understood within the
total structure of practice” (Kieran et al., 20p55). Realistic mathematics education,
the theory of didactic situations and the ATD amnsidered examples of such
intermediate frameworks. Domain-specific framesmffocus on particular areas of
mathematical content knowledge (geometry, analydis) or specific mathematical
processes (e.g., conjecturing, proving or modéellimnd may not be easily
generalizable across other mathematical topics. f@atire of the domain-specific
level is that the designed tasks usually follow plepose of supporting students in the
learning of specific content or process knowleddes way of conceptualizing design
frames is used as a backdrop for examining priasifbr task design in mathematics
education research. We adopt this distinction betwevels of frameworks, to discuss
the principles for task design in the researchi fadlmathematical modelling.

In what follows, we start by introducing the refece epistemological model
(REM) for mathematical modelling built upon theedartheoretical frameworks here
considered. It will be followed by a general degston of the methodology followed
for the analysis of our selected case studies.

2.1. Different reference epistemological models anathematical modelling

As indicated in English et al. (2015, p.384), orig¢h® prevailing approaches to
modelling is summarised in a schematically and lised way about how the
modelling process connects the extra-mathematimméinaathematical worlds through
the so-callednodelling cyclesWe refer to this first approach as “modelling leyand
competencies approach.” It introduces a modelliyglec as a sequence of sub-
processes starting in a real-world situation, mgvimo the world of mathematics,
where mathematical models and results are elalihrated then validated and
reinterpreted by moving back to the real-world aiton. One of the modelling cycles,
proposed by Blum and Leil3 (2007), has been widsgduAs shown in Figure 1, it is
described through seven phases (understandingfaotiisg; simplifying/structuring;
mathematising; working mathematically; interpretimglidating; exposing), assuming
that all individuals more or less proceed througgst phases during modelling.

The modelling cycle (with its variations) seemstigaftarly helpful as a reference
epistemological model to analyse modelling procesk#lowed by students and
teachers under a cognitive perspective (Borromed;RZ907). It is also used to focus
on modelling competencies, which are often directgfined by referring to the
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modelling cycle, as the skills to perform the mddgl sub-processes (Kaiser,
2007). Greefrath (2020, this issue) presents amviewe of developments within the
approach of modelling cycles and competencies irm@ey, showing how modelling
cycle(s) and competencies provide an instrument di@agnostic and assessment
purposes, and a foundation for intervention in sthand teacher education.
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Figure 1.Description of the modelling cycle (Blum & Leil3, @0 p. 225)

The second approach we consider is the “models raadelling perspective”
typically addressed through thmodel-eliciting activities(Lesh et al., 2000). As
stressed by Czocher (2017), this framework reptesarmore holistic approach to
mathematical modelling by the way it supports tharhing of mathematical content
knowledge. Designs proposed in this framework aersimodelling activities as
particularly suitable for promoting student engagatrand for its potential to support
teachers’ and students’ engagement with modellragtiges (Lesh et al., 2003).

Model
Eliciting
Activity

Model —_— Model
Exploration € | Application
Activities Activities

Figure 2.Structure of a model development sequence (ArleBaDkerr, 2015)

Modelling activities are here described and considein terms of model
development sequencess explained in Arlebéack and Doerr (2015, 2018)ch a
model development sequence starts with a moddirdjactivity (MEA), followed by
model exploration activities (MXA) and model applion activities (MMA) (Lesh et
al., 2003; Doerr & English, 2003) (see Figure 2EA4 are designed to confront the
students with the need to construct a model to nsa&kese of the problem situation.
The MXA focus on the underlying structure of thecigdd model, when models are
developed accordingly to the strengths and wayséothem productively. Then, these
models are adapted and applied (MAA) to new sitmatithat appear beyond their
initial context. As Doerr and English (2003) explawhen students work through a
model development sequence, they engage realistiigms, that reveal the multiple
ways they address the tasks. Students also engageliiple cycles of descriptions,
interpretations, conjectures and explanations taed iteratively refined while
interacting with other students and participatimgeacher-led class discussions.
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A well-established line of research has worked los design of model eliciting
activities in multiple contexts with learners froprimary school to university.
Researchers in this line distinguishe among six mom principles for designing
MEAs, which have been guiding the design of modgllactivities over the last
decades. These design principles will be used wieeanalyse the second case study.

Since the first developments of the ATD, mathenahticodelling is linked to the
notion of mathematical activity. It is assumed tdaing mathematics mainly consists
in the activity of producing, transforming, integing and developing mathematical
models (Garcia et al., 2006). The relations betwmaathematical modelling and the
construction of mathematical concepts is approatimedigh the notion gfraxeology
which is the primary ATD tool to describe knowledged activities in institutional
settings (Chevallard, 1999). The notion of praxggldinks the conceptual and
procedural aspects of human activities by includagjinseparable entities, theaxis
made of types of tasks and techniques to solve,thaththdogos made of discourses
and theoretical tools to describe, explain, jusdifiyl nourish theraxis Like any other
human activity, modelling a given situation to obtaew information or knowledge
about it can be described in terms of praxeolodtesm the starting point there is a
task we want to solve, we use a technique to pmduenodel of the situation or
system underpinning the task, we sustain this praxy notions, tools, and
justifications provided by the theory (or logos)oMover, once a given system has
been modelled, a new praxeology can be developeaatégrating the model produced
into new techniques to solve new tasks within aentmveloped logos.

Modelling is thus a process of constructing a segeeof mathematical
praxeologies that become progressively broadermaoe complex. Furthermore, in
this process, modelling does not appear as a clogs#d with a beginning and an end,
but as a continuous process enhanced by the raidimgw questions. It is also a
recursive process since each model proposed camnnbe questioned and become a
system for a new modelling process. This enablesctimnection and coordination of
mathematical models into broader and more complete/ledge organisations.

Since the last 15 years, several researchers idtbehave been working with the
proposal of thestudy and research patti€hevallard, 2006 and 2015) as instructional
devices for the teaching of mathematical modellagdifferent school levels. The
design principles for modelling are then embedad the design principles of study
and research paths (Bosch, 2018; Garcia et al9)201

2.2. Case selection and methodology of analysis

We focus on three case studies related to diffetkebretical approaches to
modelling. The cases are analysed through the nefs@apers, selected according to
the criteria of representing one of the theoretaggroaches considered and including
information about the task design process. Talslemmarises the selection of papers.

Table 1.Selection of papers for each theoretical approach

CaseTheoretical approach Selection of research papers
1 Modelling cycle and competencies Maal3 (2010jséa& Schwarz (2006)
2 Models and modelling perspective Arleback & Dq2015, 2018)

3 Anthropological theory of the didactlonseca, Gascon & Lucas (2014), Lucas (2015)
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Our methodology is based on a qualitative analysibe selected papers. We can
distinguish three levels according to what we as&ly the case studies and how we
report the results. First, we describe the mathiealanodelling activity at the core of
the design, and the theoretical approach adoptemtedder, we inform about the
teaching device/s planned and the school conditionshe implementation. Second,
focusing on the task design for the modelling aigtivwe underline the design
principles considered by each approach and exgmpditv these principles are taken
into consideration in the particular example(s)strated in the paper(s). Third, we are
interested in the advances and discussion thereliffecases present about the “local
ecologies” for modelling. We use this term to referthe local conditions that are
created for the implementation of the modellingh#iag and learning practices. When
we use the term ecology, we refer to the set oflitimms that favour, and constraints
that hinder the implementation of modelling prassicWe align with what Czocher
(2017) named “learning ecologies” or Borba and WékeCai et al., 2014) called
“classroom ecologies” but, in our case, ecologyudes conditions and constraints
beyond the individual or classroom reality (Bargud3osch & Gascon, 2019).

3. Case studies for the impact of modelling frameworkson the design of
modelling

3.1. Case study 1: Designing tasks in the modelling dgcapproach

Concerning the modelling cycle and competenciesagmh, we had difficulties in
selecting research papers since most of them ddetfioie the principles for modelling
task design. What seems clear is that the defmitd the sub-processes in the
modelling cycle and of the modelling sub-competescs often the base for the design
of modelling tasks for students and teachers. M28R0) develops a classification
scheme for modelling tasks. This schema provideowaiview of the features of
modelling tasks and offers guidance in task desi§ome sub-categories are
considered to classify modelling tasks, such ashvipiarts of the modelling process
have to be done, what type of data is given, winate¢lation to reality is, what type of
models is used, what the level of openness in tlestepn is, and what the cognitive
requirements are. For instance, the first categoajled “Focus of the modelling
activity”, refers to which parts of the modellingopess are fostered through the design
of the modelling task. The categories for the asialgre expressed accordingly to the
steps in the modelling process “carrying out theol@hprocess of the modelling
cycle”, or covering parts of it “understanding tbikuation” or “mathematising”, or
“working within mathematics.” In that paper, theassification scheme is used to
design and to analyse modelling tasks that emesegeithe forefront of a research
project. The target group is low-achieving 12-yeltstudents. The aim was to design
consecutive teaching units that help to develop pmiancies successively in the
carrying out of single steps of the modelling pssceThe following examples are
modelling tasks design in the frame of this proj@etble 2 summarises the main traits
discussed in the paper according to the categorithe classification schema.

[Task 1] Imagine you want to paint your room. Whiaiour would you choose? How
much paint will you need if 1 litre is sufficiertrf6—-8 ni? (p. 307)

[Task 2] Elias lives in Weingarten, a part of Fretp The tram stops in the street where
he lives is called “Rohrgraben”. Today he wantsvaich a football match with the SC
Freiburg in the stadium, which is located in Liuagiler, line 1, tram stop
“HasemannstralRe”. Before he goes there, he wanpickoup his friend, who lives in
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“Hornusstrafl3e” (line 5) in Zahringen. Describe tbate, Elias has to follow when going
from his house to the stadium. How often will harte trams? (p. 307)

Table 2.Design principles according to the classificatiaeme for modelling tasks

Design principles Discussed with the designed tasks

Design of task(s) accordingly to the step(s) of the

Focus of the modelling activity .
modelling process to help students develop

modelling process or only some steps?

Tasks contain more data than needed (superfluous
Type of data given data) or missing data, and students are expected to
Which data is provided? gather additional information. In Task 1, e.g., som

data are missing and relevant data may be idestifie

Tasks are discussed according to the authentitity o

_ the context and the data given. and questions posed
What is the nature of the context’s (g students. In Task 1, e.g., it is consideredesits]
relations to reality? interest in the reality related.

The types of models that appear are classified as
i ) _ descriptive or normative. About Task 1 the model
Which type of model is used? Which expected to appear is to sketch a formula; or skTa
type of representation is chosen? 2 3 graphical model by drawing the solution.

The cognitive demand is discussed in terms of

complexity of the situation: how demanding is the

transference from reality to mathematics, the

N - complexity of working in the mathematical world,

What are the cognitive demands with anq on the choice of terminology to express the

respect to certain competencies?  mathematical and extra-mathematical information.
Again, this discussion is linked to the sub-proesss
on the modelling cycle required through the task.

Tasks are placed accordingly to the mathematical

Context and relation to reality

Type of models and representation

Cognitive demand

Mathematical frame curriculum and the school level. For instance, Task
Which mathematical frame does the IS analysed in terms of the likely content to appea
task have? theory of graphs, meaning of knots and edges, and

placed in lower secondary, according to curricula.

By selecting these examples, we do not mean thataalelling tasks are discussed
in these terms in the modelling cycle and compe¢snapproach. Vorhdlter et al.
(2019) describe that there are different traditionsimplementing mathematical
modelling in classrooms. They distinguish betwdas implementation of modelling
in everyday lessons, which are limited by strongst@ints (lack of training of
teachers for modelling, teaching to the test, elthat is the reason why, according to
the authors, classroom observations regularly tewedy a low proportion of
modelling. On the other hand, there is a long tiadiof implementing the modelling
projects when, during the modelling days or weeaksdents work on one complex
problem over a longer period of time. The modellmgpblems often come from
research or industry and are slightly modifiedifsrimplementation. The participating
students can choose between the several modelhloiglems offered. Kaiser and
Schwarz (2006) explain some examples of these riaglgirojects (e.g., Pricing of
Air Berlin, Pricing of an internet café or Risk naement). They do not formulate
design principles as such, but it makes clear ftioeir description of the general aim
is to promote a modelling-based understanding dhemaatics and to foster students
modelling competencies for carrying out modellimggesses at school. At the end of

AIEM, 17, 2020 104



Impact of theoretical perspectives on design

the seminar experience, the authors analyse tistbiig of implementing complex
modelling problem with students, the modelling mex followed and the changes in
students’ and teachers’ beliefs and motivation.

3.2. Case study 2: Designing models development sequesdn the MMP

The papers analysed in this second case studyb@ke& Doerr, 2015, 2018)
address the research question of how the modelajguent sequence can support the
development of students’ interpretations and reagoabout negative rates of change
across different contexts of physical phenomena Wwhole modelling activity was
designed accordingly to the “six essential prirespfor MEAs” (Lesh et al., 2003).
Table 3 lists these design principles and how ey addressed in the experienced
modelling activity. The model development sequewes implemented in a mid-size
university of engineering in the United Stateswdts planned as an entrance course on
mathematics for future engineering students. Adklsnd Doerr (2018) report on the
third run of the course, where 35 students pasdieipp in the 6-week course. The
sequence was initiated with a modelling elicitigiaty about positive, negative, and
changing velocity by using motion detectors to gatee position graphs of the
students’ bodily motion along a straight path. Timsrk was followed by a model
exploration using SimCalc MathWorlds simulating mpns along straight lines. The
model application activities addressed how lightmsity changes concerning the
distance from a light source. The light intensidgk was designed to provide the
students with an opportunity to apply their undemdings of the average rate of
change, in a new context where the decrease ideppendent variable was non-linear.

Table 3.Design principles according to the models and modgperspective

Design principles Settling in the case study

The course presents a model development sequence
Reality(or sense-making)rinciple about average rates of change in real-world phlysica
phenomena about changing quantities (motion along
a straight line, light intensity, discharging caipatg.
The different physical phenomena could be miedel
with different underlying mathematical models
Model construction principle (piecewise linear, inverse square, and exponential
decay). Tasks for students were to create, compare,
and modify models based on functions according to
the data collected through experiments.

The instructors invited the students to discuss the
usefulness of their models and interpretations.tMos
students were good at calculating average rates of
change and constructing graphical representatibns o
the changing phenomena and their associated rate of
change, but there appeared some difficulties iim the
interpretation in terms of the physical phenomena.
Students in pairs were asked to deliver a written
report at the end of the model application actieity
light intensity. They were asked to describe pafts
their modelling process: values of the light intgns
and models considered, graphical and numerical
interpretation of the average of rates of chantge, e

Self-evaluation principle

Model documentation principle

Model generalization principle The model development sequence was designed to
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help students develop a general way of thinking
about changing quantities in real-world contexts,
instead of a solution for a specific context. Bings
physical phenomena (motion, light intensity,
discharging capacitor), students drew on previously
developed models to build more advanced models.
The different activities helped students to creaite
interpret models of changing phenomena, with the
same underlying structure: interpreting rates of
Simple Prototype Principle change. The results showed how such comparisons
become more complex when the rates are negative
and increasing, in the case of the light intenaitgl
the discharging capacitor contexts.

The models and modelling perspective, unlike mggir@aches to modelling,
explicitly defines some design principles. Soméhaim refer to basic epistemological
assumptions, such as that modelling activitiesd@s®gned as a continuous sequence
of models that are created, interpreted and deedl@eross contexts. Consequently,
the sequence of modelling eliciting, exploratiord application activities take longer
to be coherently developed. In the papers considéne implementation in a bridging
course from secondary to university is reporteds Bhfavourable institutional context
as one does not have a strict syllabus to accompgiswever, the openness of the
tasks and the students’ responsibilities in theviiets, might be challenging to fit into
ordinary teaching, which is a shared trait with next case study.

3.3. Case study 3: Designing Study and Research Patmsthe ATD

In the third case study with the ATD, Lucas (20fBsents an investigation about
a possible raison d’étre of elementary different@lculus (including differential and
integral calculus) in the transition from secondtryniversity level. This study gives
a construction of a reference epistemological madbelut how to interpret functional
modelling and how to delimit levels of functional modellinghich can address and
make sense to the teaching and learning of diffedecalculus (Fonseca, Gascon &
Lucas, 2014; Lucas, Fonseca, Gascon & Schneid@Q)2@ critical result of their
research was to use this reference epistemologroadel describing functional
modelling to design teaching proposals in multigikicary contexts. These designs
nurtured participants to go through different stepkevels of functional modelling, to
connect the domains of differential calculus, atgelnd linear programming.

Based on this theory construct, Fonseca et al.4R2@&signstudy and research
paths (SRPs) for teaching differential calculus at selaog and tertiary levels. They
describe a SRP starting from a generating questiohow to analyse the propagation
of influenza in areas of South Africa and the dffemess of medical treatments. From
this question, many derived questions emerged adkmodelling progress:

Q1: How can we model the variation of medicine coricion in patients’ blood? How
does this concentration vary with the time?

Q2 If we want to compare the blood concentrationtltd medical treatment in two
patients (same quantity), do both have the samieitemo with the time?

1 “Functional modelling” is interpreted as the mdigl process based on the consideration of funstion
as models to fit (discrete or continuous) datatartovide short-, medium- and long-term forecasts.
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This SRP was implemented with first-year universstydents of the nuclear
medicine degree in a regular course of Biomedical Radiation Sciences | in the
Instituto Politécnico do Porto (Portugal). The @nis of the course were adapted,
beforehand, according to the necessities of the. SRR was a result of joint work
between the lecturer of the course and the resetarabho were responsible for the
SRP implementation. Students had two credits (6ut5) devoted to “project-based
learning work” where the SRP was implemented. Sttedengaged in the SRP for a
total of 56 hours, 25 hours at the university ame test as online meetings. The task
design was guided by the main traits of SRP (Chanchl2006, 2015). Table 4
summarizes the design principles upon which the &#B®designed and how they are
considered in the case of the influenza epidemic.

Table 4.Design principles in the SRP

Design principles Settling in the case study

The SRP was designed from a previously delimited

REM about what modelling is (under the lenses ef th
ATD), and about what functional modelling is and th
different levels or stages of functional modelling.

Qo: To stop the propagation influenza A virus subtype
H1N1 in 2009, how can we analyse the effectivenéss
specific treatments with patients?

Thea priori design of the SRP is sketched through a
map with possible modelling paths to be followedeT
map contains the hypotheses, derived questions from
Arborescence of questions and ~ Qo, mathematical models built and possible answers. |
answers as the SRP structure integrates paths and rounds of modelling, involving
praxeologies of increasing complexity. This initial
design is used for the analysis during and afteiSRP
implementation, which enriches its initial strueur

Students work in teams of 3-4 members. Each team
started with the sam@o, but they all followed different
paths. Intermediate and final reports are askehth
team, also written and oral exposition. Group (7@%4)
individual (30%) evaluation ran over implementation
with some criteria fixed in advanced about the
modelling process followed (hypotheses, models,
technology for models simulations, interpretatidthe
models in context, coherence on answers, etc.)

The teacher acted as a guide, organising team work,
proposing questions to help students progress,
moderating the discussion and participation inschasd
online meetings. Students in groups organised their
work inside and outside the classroom, were asked t
record their work in class and online meetingsefmort
and share with others by means gqioatfolio.

The official course ran at the same time as thgpro
based learning work with the SRP. Some contents
Accessible ressources (functions, variation rates, differential questipns
and evolving learning environment interpolation, etc.) were used in the context ef #RP.
Other contents were introduced by the researcher-
instructor based on necessities arising duringsRe,

Designed from a reference
epistemological model of the
praxeologes at stake

A generating question as the
starting point of the SRP

Collective production of a final
answer

Collaborative and shared study
process
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e.g., use of computer tools. Students used GeoGebra
wxMaxima to simulate models, fitting models to data
sets forecasting short- and long-term evolutiogyT
were asked to look for information outside (wehsite
library) to be shared and discussed in class.

Although this SRP was only experienced during twadgmic years, the initial
designs and, especially, the broad reference epidtgical models about functional
modelling have been the base of several other nesuigh other generating questions
(about epidemics, social networks, etc.). Designimgplementing, analysing,
redesigning are essential steps in the researchon@bgy followed —a “didactic
engineering” process (Barquero & Bosch, 2015)-,staody the initial didactic
phenomena detected and to analyse the potentia¢ afesigns.

4. Discussion and conclusions

One aspect that becomes clear from the analysieedfelected case studies is that
each research framework holds different referemistemological model (REM) for
mathematical modelling and that this REM influentles design of modelling tasks.
To deal with our research questions, we have wgedtrategies. The first strategy has
been to describe the REM that each framework deftneapproach modelling. The
second strategy consists in extracting the desigiples from some selected papers
developed under the umbrella of the consideredarekeframework. We want to
underline two main contributions of our analysis.

The first contribution comes from the analysis be tdifferent REM about
mathematical modelling. We observe important défferes, but also some similarities.
From the lens of considering intermediate and darspecific frame levels (Kieran et
al., 2015), we consider that the “modelling cyabel @ompetencies” approach could be
interpreted as a domain-specific frame developetetd with mathematical modelling
as a particular content and procedural knowledfferts in this approach are made on
proposing a prescriptive description of mathematicadelling, viewed as a specific
process aimed for in teaching mathematical modgllim accurately analyse the
cognitive process of individuals when carrying oobdelling activities (Borromeo
Ferri, 2007), and to make suggestions about hoglesign modelling tasks to support
students and teachers to progress in these assiyitaali, 2010).

The other approaches, “models and modelling petisgéand “anthropological
theory of the didactic” work with wider REMs, beybrschool domain-specificity.
Both approaches could be considered as intermeflzates, in the sense of Kieran et
al. (2015). They develop their tools while questgrwhat mathematical modelling is
and how it can be used to provide a functional andnected study, in school
mathematics, of larger questions. This could leadta think that, under these
perspectives, the specificity of what mathematitaldelling is could be lost. For
ATD, the conceptualisation of modelling considdrattany mathematical activity can
be interpreted in terms of modelling, by includimgra-mathematical modelling
(modelling of mathematical systems) and by considethat mathematics (as other
disciplines) provide models to progress on the ystoidquestions. However, in each
SRP, there is a concrete REM of the content atestakg., elementary differential
calculus in the case considered— a REM beyond éngach and content delimitation
prevailing in most schools or university institut®d Thus, despite the above
differences, the approaches can coexist if we wereaof the REM we are assuiming
by our choice of approach— and that others exist.choice of REM must reflect the
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purpose for which we design modelling tasks: assgsstudents’ modelling
competences, creating interdisciplinary teachimgsschool disciplines, as a vehicle
for learning other areas of mathematics or whateueresearch focus might be.

The second contribution is on the impact that REege on the design principles
for modelling tasks. We can better talk in termsthed dialectic between theoretical
development and task design principles, insteashetdirectional impact. In the three
cases, we have selected some papers to analysgesign principles upon which
modelling tasks are designed. Concerning the “ntiodetycle and competencies”,
when designing modelling tasks, a central designcyple is the potential that tasks
have to promote a part, or all, of the modellingleg or competencies. In the “models
and modelling perspective”, proponents have besrareably consistent in defining
the “six essential principles for MEAs”. They shan evident dialectic between the
development of the theoretical tools (such asnhdedn of model eliciting, exploration
and application activities, or the model sequermeetbpment) and the principles that
support the design of teaching sequences. In tlse cd the ATD, within the
consideration of the “study and research pathsVers¢ design principles appear
(generating questions, arborescence of questiaha@swers, models or praxeologies
of increasing complexity, etc.), closely relatedhe reference epistemological models
used to analyse mathematics and, in particularspleeific modelling process at stake.

From our analyses, we see that both theoreticaldveorks and design principles
are dynamic entities, which develop under expertateon and through questioning
the prevailing ideas on teaching and learning aheraatical modelling at all levels of
the educational system, whether modelling shouldirerstood as a means to learn
content knowledge or as content knowledge itselftfermore, we need to be careful
when approaching case studies from the lenseshef ¢tameworks than those where
they were produced, because of the dependence éetméerence epistemological
models and design principles. Moreover, in linehviieran et al. (2015), despite the
recent growth number of design studies within maiics education, the specificity
of the principles that inform task design in a eavay remains both underdeveloped
and, even when somewhat developed, underreportete Mork remains to be done
that aims at looking jointly at frameworks, tasksid@ principles, and local ecologies
for implementing mathematical modelling.
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Impact of theoretical perspectives on the design of
mathematical modelling tasks

Berta Barquero, Universitat de Barcelona
Britta Eyrich Jessen, University of Copenhagen

The focus of this paper is to discuss how the adopof a particular theoretical
framework affects task design in the research omleliag and applications. To
analyse and compare frameworks within this reseasmeh draw on tools from the
anthropological theory of the didactic and the ootof reference epistemological
model. We start by outlining the existence of déf@ reference epistemological
models about mathematical modelling to analyse ithpact they have on the
principles guiding the design of modelling pracsicéVe select three theoretical
perspectives: the modelling cycle and competeneipproach, the models and
modelling perspective and the anthropological theafr the didactic, to investigate
relations between the reference epistemologicaletsoglach approach builds and the
corresponding design principles for modelling. Véstrict our analysis to three case
studies as representatives of the three perspsectiWe are conscious that the three
perspectives do not cover the research on “modedimd applications”, nor the three
studies represent all design principles embeddexhalm framework. Still, the chosen
approaches display the variety of meanings of #rentand why we need to be
cautious with not assuming general consensus. Eash study is examined through
the selection of some research papers, following mwain analytical strategies. The
first strategy is to describe the reference epistegical model that each framework
defines to approach mathematical modelling. Theorsgécstrategy is to extract the
design principles from the selected papers devdlapeler the particular framework.
For each case study, we inform about the modediityity proposed to underline and
exemplify the design principles and finally to info about the local “ecologies”
created for implementing modelling. We concludehwsbme contributions from the
comparative analysis across cases. The first totiton comes from the analysis of
the different reference epistemological models almathematical modelling. From
the lens of considering intermediate and domaircifipdrame levels, we can detect
important differences, but also some meeting pamsngst approaches. The second
contribution is on the impact that adopting a pattr theoretical perspective has on
the design principles for modelling tasks or thaleltical relation between the
theoretical assumptions adopted and the task dgwsigeiples used. We see how
theoretical frameworks and design principles aneadyic entities, which develop for
designing and implementing modelling in school eatg and through questioning the
prevailing ideas on teaching and learning matheraltnodelling.
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