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Abstract

Current research areas in the field of mathematioaldelling are identified on the basis of specific
research and development projects. Modelling cyalesan important theoretical basis for this. The
measurement of students modelling competence hasihlat of competence for teaching mathematical
modelling with the help of written tests are keynponents. The investigation of different matherahtic
modelling tools, such as the use of technologyaigdr control group studies, and the evaluation of
seminars in teacher education, are current linegasearch in the field of modelling in mathematics
education. Technology use in mathematical modelbngjven special consideration. Overall, selected
studies from Germany are used as examples to @angight into the current research landscape.
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Competencia en modelizacion matematica. Seleccior desarrollos actuales de investigacion
Resumen

Las lineas de investigacion actuales en el amlatmddelizacion matematica se identifican en base
a los proyectos especificos de investigacion. liddlessde modelizacién son una aproximacion tedrica
importante para ello. La medicion de la competertt@anodelizacién de los estudiantes, asi como la de
las competencias para la ensefianza de la modebaaniatematica con la ayuda de pruebas escritas,
son componentes empiricas esenciales. La invegigaesarrollada sobre diferentes herramientas de
modelizacion, como el uso de la tecnologia en tiyesones con grupos control mas grandes, y la
evaluacion de distintos cursos en la formacionptefesorado, son lineas de investigacion actuafes e
el ambito de la modelizacion. Se presta especiah@bn a la utilizacion de la tecnologia en la
elaboracién de modelos matematicos. En este tralsg@scogen algunos ejemplos de investigaciones
desarrolladas en Alemania para dar idea del pancaiaantual de investigacion.

Palabras clave. Modelizacién matematica; ciclo de modelizacibnmpetencia; tecnologia;
pruebas.

1. Introduction

Research on the teaching and learning of matheahaticdelling contains a strong
emphasis on developing local theories (Geiger &d:r2015). One of such current
theories deals with modelling competence. Many etspef these theoretical
considerations have an influence on empirical ssidionducted in various fields. In
particular, the learning and teaching of matherahticodelling are important current
lines of development (Stillman, 2019).

The aim of this paper is to consider the spectrdmesearch in Germany on
modelling competence and to demonstrate reseasthuiments and findings in this
field. |1 focus on some German research projectthermodelling competence of both
learners and teachers. Nowadays, an applicati@mtation is a natural component of
mathematics classes and educational standards imaBg. Modelling has been
included as a competence in the educational stdadKiMK, 2012) and the curricula
of the various federal states. There are many relseprojects on mathematical
modelling with a significant increase in the pa&st years. In addition to this increase,
there have also been notable methodological denedafs. This could be one reason
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for the changes of the type of research projeatsechout on mathematical modelling
in the past few decades. Research projects on fmgdebmpetence evaluation now
more commonly use experimental control group desigmd sophisticated statistical
methods to analyse various research questionsarticglar, the use of technology in
mathematical modelling is increasingly consideredeisearch projects. Some research
results on mathematical modelling are presenteaibbl/ way of examples.

2. Theoretical background: Modelling cycles and modelhg competence

The entire modelling process is often presentedannidealised version as a
modelling cycle. Idealised means that this reprdem itself is also a model. The
literature therefore contains various cycle repmeg@ns of modelling. Just such a
model was created by Blum and Leiss (2007) frorognitive perspective (see Figure
1). For this purpose, a model previously create@loyn (1985) and developed further
by various researchers was extended by the situatiodel. The creation of the
mathematical model is addressed in detail and fibeegs of the individual creating the
model is set out in greater detail in this modellaycle. The situation model describes
the mental representation of the specific situatipthe individual.

1 Understanding
Constructing

2 Simplifying
Structuring

3 Mathematising

4 Working
mathematically

5 Interpreting

6 Validating

7 Exposing

real model
& problem

mathematical

real situation 4 4 situation
& problem L model
7
:\

real D

results

D mathematical
results

rest of
the

world mathematics

Figure 1 Modelling cycle according to Blum and Leiss (200.7225)

This modelling cycle (Figure 1) describes the vasisub-processes of modelling
more accurately and in more detail than many atietelling cycles. Therefore, we use
this cycle for our further considerations. The iptio perform such a sub-process can
be seen as a specific modelling competence (KaX@dy/; Maass, 2004). These
competencies could be characterised as presenieable 1.Competencés here used
in a broader sense whereasnpetencyefers to the different constituents of competence
(Blomeke et al., 2015). By means of detailed desioms the nature of competencies
becomes obvious, so that an extensive list of niadetompetencies can be obtained.
Working mathematically has been included in thediscompetencies for the sake of
completeness, because working mathematically s alsub-process in the modelling
cycle. However, it should be remembered that waykmathematically is not as typical
for modelling processes as mathematizing, for exanWghile mathematising plays no
role in few other mathematical competences sugbr@lslem solving or proving, it is
different in working mathematically. By using difet modelling cycles, other
competencies emphasising other aspects of modetimgd occur (Greefrath &
Vorhdlter 2016).

AIEM, 17, 2020 39



G. Greefrath

Table 1.Competencies in modelling (Greefrath et al., 2@13,9; Greefrath & Vorhdélter, 2016)

Competency Description

Students construct their own mental model fromvamyproblem and thus

Constructing formulate an understanding of their problem.

Simplifying Students identify relevant and irrelevenformation from a real problem.

Students translate specific, simplified real sitwa into mathematical
models (e.g., terms, equations, figures, diagramd functions).

Working Students work with mathematical methods in the eratitical model and
mathematically obtain mathematical solutions.

Students relate results obtained from manipulatghin the model to
the real situation and thus obtain real results.

Mathematizing

Interpreting

Validating Students judge the real results in teomglausibility.

Students relate the results obtained in the siimatimodel to the real

Exposing situation, and thus obtain an answer to the problem

2. Measurement of students’ modelling competence

The aim of several research projects to assessamtibl the modelling competence
of learners (e.g., Schukajlow et al., 2015). Theeasment of such competence always
depends on the underlying concept of competenceleMong competence not only
involves the ability to model, but also the willmgss to address problems with
mathematical aspects from reality, using matheraltiodelling (Kaiser, 2007, p. 110).

It is therefore difficult to develop a written testr measuring modelling competence
that takes this into account. It is necessary nbt tw check knowledge, but to measure
modelling competence in specific situations. Ineortb do this, a written test was

developed that confronts students with a seleatiosituations that can be processed
using mathematical methods (Hankeln et al., 2019).

In constructing a test, it is necessary to decillether to use holistic or atomistic
modelling tasks (Blomhgj & Jensen, 2003). Holitisks require a full modelling cycle
to be carried out, while atomistic tasks are pnestaicted and focus on just one or two
steps in the modelling process. The use of holiagks is appropriate when measuring
general modelling competence, which has alreadyn lsbene in various studies
(Kreckler, 2017; Rellensmann et al., 2017; Schakajt al., 2015). In atomistic tasks
students need only to process problems that requilienited range of modelling
competence. These tasks cannot be used to obfarmation about whether a person
would generally be able to carry out a full modgjlprocess. However, atomistic tasks
can be used to measure different modelling competerseparately from one another,
which is not possible with holistic tasks. There already tests that use atomistic
modelling tasks, but these only summarise variauspetencies (Brand, 2014; Zottl et
al., 2011). One of the first tests with atomistiodalling tasks was developed by Haines,
Crouch and Davis (2001) and served as a refereiog for further developments. It
originally consisted of 12 items, each with fivespible answers.

Hankeln et al. (2019) constructed a test that desctite competencies of simplifying,
mathematizing, interpreting and validating sepdyatdolistic tasks are not used, due
to the large number of test items that would beiireg. One example of an item for the
competency of simplifying is proposed in the lightke task of Figure 2. The students’
task is to select all information that is relevemtalculate the distance to the horizon.
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This multiple-choice item is thought to measuredbmpetency of identifying relevant
guantities and key variables. This is part of thedindtion of the competency of
simplifying. Corresponding items for the other catgmcies were also developed.
There are pre-tests and post-tests, each with tauapg in a multi-matrix design. Each
test booklet consists of 16 items and takes rougldyminutes to complete. An
evaluation of the test instrument with 3300 studesponses to the test was able to show
that the data collected can best be described wsifoyir-dimensional between-item
model, in which the various competencies are ressbess separate dimensions of a latent
construct. This result shows with what level oftamty the modelling competencies at
play can be measured empirically. It was also fs$d conclude that the competencies
of simplifying, mathematizing, interpreting anddalting can be understood as different
components of a global modelling competence (Han&ehl., 2019).

During their summer vacation, Marcus and Irina are standing on H .
o

top of a lighthouse and enjoying the view. “How far is it to the

horizon?* Irina asks.

Mark all of the following information that you consider to be important
to calculating the distance to the horizon.

hups://upload.wikimedia.org/wikipedia/commons/
b/bf/Louisbourg Lighthouse.jpg

li Between the lighthouse and the ﬂ] The two are standing on the Atlantic coast in
ocean, there are 25 m of sandy beach. | | France.

[:] There are no clouds in the sky. (—] The radius of the earth measures 6370 km.
I'he lighthouse is 83 m high. I'he lighthouse’s light shines as far as 10 km.

Figure 2.The lighthouse task (translated): multiple-chdteen that measures the competency
in simplifying a problenfHankeln et al., 2019, p. 148)

3. Promotion of students’ modelling competence

Some research focuses on how to promote modelongpetence in school using
various different tools. One example of a projéat took into account the investigation
of the promotion of modelling competence is the blidroject at the University of
Minster (2015-2018). The aim of the project wasnteestigate whether modelling
competence can be promoted ugsiigjtal tools such as dynamic geometry software and
strategictools such as a solution plan. In order to do, thisinterventional study was
carried out in spring 2016 in a quasi-experimeptalpost/follow-up design in 44 grade
nine classes in German grammar schools, and trelapement of student competence
was measured using a previously developed modetksy with items testing the
competencies. The intervention consisted of a sefidour class sessions (each of 45
minutes) on modelling tasks. During the class, extisl had to calculate, for example,
the lawn area of a castle garden. A sketch of #stle garden was available for this
purpose (see Figure 3). The students initiallytoadiscuss which green areas belonged
to the castle garden and what simplifications tt@yld make to calculate the area.

The 44 classes were broken down into three grotiggpyoximately the same size.
All of the groups worked on the same modelling saskith one being completed in each
session. One group also used dynamic geometrya@titeoGebra), the second group
used a five-step strategic solution plan with ctigeilearning strategies in each step in
the modelling process that was available on posteds worksheets for the entire
investigation, and the third group used neithdaheste tools.
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Strategic solution plans are often based on stepthe modelling process or
competencies that play a key role in modellingpasg of the DISUM project (Blum &
Leiss, 2007), a solution plan was developed fodetts, based on a simplified
modelling cycle. This solution plan comprises faieps: understanding the task,
creating the model, using mathematics, and exlgitiie result. Each step is explained
to students using a question and a number of eaan points. In a study by
Schukajlow et al. (2015) as part of the DISUM paobjsignificant differences in student
performance were demonstrated when modelling Wwithdolution plan, with reference
to the content area of “Pythagoras’ theorem”. Teaghsing the solution plan proved
to be a more effective form of teaching and leagnin addition, students in the solution-
plan group also perceived a greater use of theisnlplan. A five-step solution plan
was used in the LIMo project at the University ofidéter. This solution plan comprises
the following steps: 1) Understanding and simptyi 2) Mathematizing, 3) Working
mathematically, 4) Interpreting and 5) Controllinghese five steps were selected to
highlight in particular the step of validating thesult and determining the path to a
solution. Only a short-term improvement entailingnaall effect in performance for the
competencies of interpreting and validating cowdddentified for the strategic solution
plan for the entire sample, consisting of both ggstips investigated with and without
a solution plan. The investigation of group membiggxas a factor for the development
of competence showed that the solution plan hasaniinor effect on the development
of the interpreting competency, while no interacteffect between the test group and
the time of measurement could be identified for obiger competencies. In terms of
long-term competence development, with a furtheasueement point defined three
months after the class sessions, there was a &yng-stable increase in the interpreting
competency in the solution plan group (Beckschmm,9)

T\\I =i

Figure 3.Sketch of the castle groun(lfbankeln, 2018, p. 152)

In terms of the use of the dynamic geometry sofware separate the modelling
competence from the competence to use the softWavas assumed that it was not the
modelling competencies of the students at the esasurement point that impacted on
the effectiveness of the intervention, with or witlh dynamic geometry software, but
rather their competence in using the software. abssimption was confirmed in that no
significant interaction effects could be identifiedtween the competencies at the first
measurement point and the test group. The classmidiynamic geometry software had
an equal effect on the competency development tf btudents who were initially
stronger and those who were initially weaker. Tinasis of the data, however, showed
that the test group factor did not have a signifigenpact in any of the competencies.
Contrary to expectations, the competencies didliffar accordingly (Hankeln, 2018).
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4. Students’ Modelling competence and technology

Looking at modelling processes with technology, tis¢ of competencies of
modelling can be extended. The various uses ohtdogy are effective in different
parts of the modelling cycle, working on applicatioriented tasks. Validating, for
example, is an activity that can be supported @ffely by technology. Control
processes generally belong to the final stage efdycle (e.g., Figure Istep 6).
Calculations with technology are carried out using mathematical model created,
which, for example, is a function in calculus (gjgure 1, step 4). A more precise
analysis shows that technology can be used seraolyneaningfully when modelling
in all phases of the modelling cycle.

A look at the step of working mathematically (Figuk, step 4) in greater detalil,
reveals that the processing of modelling probleraggi technology requires two
translation processes. The modelling task firsdede be understood, simplified and
translated into the language of mathematics. Tdolggacan, however, only be used
when the mathematical expressions have been ttedsiato the language of the
computer, and a computer model has been develdpedesults from using technology
then have to be transformed back into the langudgeathematics. Ultimately, the
original problem can be solved if the mathematresults relate to the real situation.
These translation processes can be set out in@and&d modelling cycle (see Figure
4) which, in addition to the real world (“rest &t world”) and mathematics, also takes
into account the technology (see Savelsbergh g2@08). Accordingly, the list of
competencies (Table 1) is extended by finding thamuter model (“technologizing”)
and interpreting the computer results in the matteral world (“transferring”).

computer model
& problem

0

real model
& problem

O

mathematical
model & problem

real situation £ ‘ﬁs situation
model

& problem Zz&k _ \

mathematical
results

real D

results

]

computer
results

rest of
the
world

mathematics technology

Figure 4.Possible use of technology in modelling cy@eeefrath, 2011, B03)

In Hankeln (2018), no clear evidence was found ttratuse of digital media can be
useful for student modelling processes. The linkveen software-related self-efficacy,
the mathematization competency and beliefs reggrili@ dynamic geometry software
were analysed within the group with dynamic geoynstiftware. There is a significant
correlation between software-related self-efficaaryd beliefs about the software.
Students who felt more confident about their corapet with the tool rated the software
more positively and vice versa. It was also possiblshow that the software-related
self-efficacy was a significant predictor of mathegrmation competency in the post-test,
even when we controlled for the pre-test. Studevitis higher software-related self-
efficacy improved their mathematization competemzmye than those with lower self-
efficacy, albeit with a small effect size (Greéffratiertleif, & Siller, 2018).

In a case study with four pairs of students in grd@ at a grammar school in
Germany, Greefrath and Siller (2017) observed stisd@orking on a reality-based task
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with GeoGebra. The researchers were interestechiohwprocesses in the modelling
cycle technology were used and which activitiesepmarformed with technology during
modelling. The use of technology took place mainlymathematizing and working

mathematically. In addition, there was also tecbgplusage between the situation
model and the mathematical model. The observasbosy that technology is used at
different processes in the modelling cycle (Graéf&aSiller, 2017)

A number of other studies that provide more detaiimodelling competence with
technology. Doerr and Zangor (2000, p. 151) exachlearners in two classes of upper
secondary education with graphic calculators ovdéessons. It was shown that the
technology was used as a “transformational toadt, dalculation, data acquisition,
visualization and control. Accordingly, Arzarellba. (2012) showed that technology
such as GeoGebra is used by students for testaugrgations and for validation. Geiger
et al. (2003) and Brown (2015) also showed thatestts need significant support to use
technology beyond mathematical work. It is therefoot self-evident that students use
technology in a variety of ways. In principle, mbohg competence in connection with
technology can obviously be documented and destitbthe modelling cycle.

5. Measurement of competence in teaching mathemagicmodelling

In order to promote the development of modellingnpetence of students, it is
useful to look at professional teacher competemeedthematical modelling. Teachers’
professional competence can be described usingugarodels based on Shulman
(1986), in which the core areas of teacher comgetare described. Based on the model
used in the COACTIV study (Baumert & Kunter, 20E3)d the theoretically derived
dimensions of competence from Borromeo Ferri andnBI(2009), a model was
developed specifically for teaching mathematicatigiling.

Certain aspects and areas of competence wereeskfeain the COACTIV model
(Baumert & Kunter, 2013) with a focus on the teaghof mathematical modelling. In
the field of professional knowledge, pedagogicalteat knowledge is characterised by
specific content with regard to teaching mathenahtinodelling. Beliefs and self-
efficacy can also be specified in this context.d&@djical content knowledge was split
into four areas of competence, taking into accdhatdimensions of competence of
Borromeo Ferri and Blum (2009). These include kmealgke of interventions, modelling
processes, modelling tasks and modelling goalsgriaistic competence concerning
knowledge of modelling processes, for example, istsiof the ability to identify
modelling phases and the ability to recognise aliffies in the modelling process. A
guantitative test instrument on teaching matherabhtiodelling was developed on the
basis of the structural model. The test consistsvof parts. In the first, modelling-
specific pedagogical content knowledge is recordedperformance test. In order to do
this, 70 dichotomous test items were operationdlise multiple choice and combined
single-choice format. The items in the fields obiutedge about modelling processes
and knowledge about interventions relate to maaglasks that are supplemented with
text vignettes on specific solution processesudets (example item, see Figure 5).

In the second part of the questionnaire, beliefd self-efficacy with regard to
mathematical modelling are recorded on five scal@bbreviated scales on
constructivist and transmissive beliefs about teerland learning in mathematics,
based on Staub and Stern (2002), were used. Thea@tdhe application aspect from
Grigutsch, Ratz and Turner (1998) was adapted & dbntent of mathematical
modelling. A scale representing the use of mathigadahodelling in the classroom was
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developed. A newly developed instrument which fesusn self-efficacy in perceptions
and rating of performance heterogeneity was usedetermine expectations of self-
efficacy. The full test has been published in Klacid Wess (2018).

When piloting the test instrument, data from 1%@leht teachers (66.9% female) at
various universities in Germany were collectedtide which the data were collected,
the students were either at the end of their Bactsallegree (12.7%) or doing a Master’s
degree (87.3%). The results of the pilot study stiat/the structural model for teaching
mathematical modelling in this form was able todoafirmed empirically. Only the
scale of transmissive beliefs about the learnirdjtaaching of mathematics showed no
significant charge or explained variation (Klockatt 2019).

Example item text vignette: container (grade 8)

Containers are used to store construction
materials or collect construction waste on many
construction sites. These containers have a
specific shape to facilitate loading and
unloading. How much sand is in the container
shown?

STUDENT 1: It contains exactly 7,160,000
cubic metres of sand. Can that be right?

STUDENT 2: It could well be right, you calculated it with your calculator.
STUDENT 1: Well yes. Then it's right.
STUDENT 3: It’s definitely right. I can imagine it.

Which phase of the solution process are the students mainly in? Please mark accordingly.
Mathematising o
Working mathematically o
Interpreting u]
Validating u]

Diagnose the students’ problem with working through the task in this situation. Please mark
accordingly.

The students...
...have problems making assumptions.
...are not checking their solution sufficiently for plausibility.

...are drawing an incorrect conclusion from their mathematical result.

O o o o

...are using an unsuitable mathematical model.

Figure 5.Example item text vignet(Klock & Wess, 2018, p. 22)

6. Promotion of student teachers’ competence in tehing mathematical
modelling

For promoting the competence in teaching matheadatitodelling of student
teachers, practical elements of mathematical miogelire most suitable. The use of
teaching and learning laboratories enables thesrmmh of practical elements in teacher
training at an earlier stage. An important goatezfching and learning laboratories is
the professionalization of future teachers throrgjlection on the teaching and learning
process (Putnam & Borko, 2000). The teaching arminieg laboratory MiRA+,
specialising in modelling, was developed at thevdrsity of Mlnster. It is integrated
into the training for grammar school teachers amtsists of a seminar with 12 seminar
sessions and additional blended learning formateerdesign of modelling tasks. The
seminar consists of a theory-based preparatoryeplagsractical phase and a reflection
phase. The key element in terms of content offebps consists of modelling processes
and potential-oriented handling of heterogeneity.
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The preparatory phase of the seminar looks atteeléackgrounds of mathematical
modelling (modelling cycle, modelling competencias)l the students’ own work on a
modelling task. An example of a modelling task usethe seminar is illustrated in
Figure 6. Individual support is discussed in comioecwith a productive way of
handling heterogeneity. Based on this, criteriadoitable modelling tasks are then
created, and tasks of this type developed by tieest teachers as part of a blended
learning format with various feedback cycles foe usthe practical phase. Criteria and
indicators on specific individual processes of nilig are then created to monitor and
diagnose the students’ learning processes in thehiteg and learning laboratory
sessions. The development of modelling tasks amdriation of a suitable catalogue
of criteria which deals intensively with the diagtio individual processes forms the
basis for promoting competence in teaching mathiealahodelling. In the practical
phase, a team of three student teachers (Maskdafation) supports a small group of
grade nine students with the processing of the thodeasks they have created during
the 90-minute project sessions. The teams morii®rcompetencies of mathematical
modelling in a targeted manner and record the t®sul the previously created
monitoring sheet. The grade nine students workooent that enhances the curriculum
by motivating project contexts. This interlacingtbéory and practice in the context of
diagnostic actions and tasks represents the pahgromotion of modelling-specific
diagnostic and task-based competence.

Figure 6.Hot air balloon task: “How many litres of air arie this hot air balloon?”

During the reflection phase, the project sessioadiest discussed in the form of
written reflection discussions, so that studentheas can benefit from the experiences
of other seminar participants. Cross-task, the@geld group reflections on the
respective areas of focus of the monitoring areiezhrout, taking into account in
particular the heterogeneity aspects of the legrgroups monitored. The student
teachers supplement their diagnostic assessmethtgegdback from their colleagues.
The knowledge obtained is then used to professem#be participants’ own teaching
activities and to evaluate the modelling tasks tbesated. The student teachers also
reflect on, and where necessary, adapt the modédlsks in light of the criteria for good
modelling tasks formulated in the preparatory phdse experience and knowledge
gained are summarised in a reflection report.

As part of the study, an investigation was caroed to determine the extent to
which aspects of the modelling-specific diagnoatid task-based competence can be
promoted among future teachers in the mathemateahing and learning laboratory
MiRA+. Data were collected from 96 student teachesieg a pencil and paper test in
the pre-post design (Klock et al., 2019). In addiitto the experimental group at the
University of Munster (N = 35) and the comparisooup at the University of Koblenz-
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Landau (N = 43) where they used predefined modgltasks, a baseline group in
Munster (N = 18) was also recorded to control #st tepetition effect. It was evident
that the experimental group improved significantligh a major effect on the three
aspects of development, analysis and multiple mwisiof task-based competence, while
the comparison group from Koblenz only showed diggant improvements with a
moderate effect on the aspect of analysing of niodgbsks, and for the baseline group,
no significant changes. In terms of modelling-spediagnostic competence, both the
experimental group and the comparison group shaigedficant improvements over
time, with a major and moderate effect respectivetythe aspects of identifying the
modelling phase and difficulties in the modellinggess, while the baseline group once
again showed no significant changes. These obsenadases can be attributed
primarily to the different priorities at the paipating locations. The investigation of
modeling-specific diagnostic and task competentecimhave a strong influence on the
acquisition of competence in teaching mathematioaldelling by students, thus
provides a clear indication that professional campee in teaching mathematical
modelling has been promoted successfully both enctimtext of the MiRA+ teaching
and learning laboratory, and in the comparison gr@ess & Greefrath, 2020).

7. Summary and outlook

Using German studies as an example, the varioyegtscselected show that there
are different lines of research on modelling corape¢. On the one hand, instruments
are being developed with which the modelling corapees of students and teachers can
be measured quantitatively. There are also veeyasting and useful qualitative studies
that deal with the modelling competence of studdntthis context, the observation of
technology use in modelling is only one example.t@nother hand, there are various
projects that aim to promote modelling competentih the help of various tools —in
the examples, | addressed solution plans and Higikds. Technology can influence
modelling processes in a unique way. This is shadditionally by several qualitative
studies. Also, promising approaches to promotirggasional competence for teaching
mathematical modelling to student teachers andieggtaff could be reported.

The empirical results presented show some areassefirch focus on modelling
and application in the past few years in GermangwNest instruments provide
opportunities for research on and the developmetgiaghing and learning. The impact
of technology on school practice and research pt®jen mathematical modelling is
generally regarded as an important task. Effeqgineenotion of modelling competence
among students and the professionalization of éuteachers are currently the core
elements of research. At the same time, tools &natkgies are being researched and
developed to help students to model problems inttgagly and train teachers to teach
mathematical modelling (Greefrath & Vorhoélter, 20 Harquero et al., 2017). The
increase in competence of student teachers inetehing and learning laboratory for
modelling, especially through modelling tasks wilgital media created there, is
promising. In the future, technology could offerwnémpetuses for mathematical
modelling, both for classes in school and for resdeanethods at universities.
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Mathematical modelling competence. Selected current
research developments

Gilbert Greefrath, University of Muenster (Germany)

Current research areas in the field of mathematicalelling are identified on the basis
of specific research and development projects. Miodecycles with and without
possible use of technology are an important thealdtasis for this. They describe the
various sub-processes of modelling in detail. Tiétyato perform such a sub-process
can be seen as a specific modelling competencen€asurement of students modelling
competence with the help of written tests are kemmmonents of German research
projects. Atomistic tasks were used to measureemifit modelling competencies,
namely simplifying, mathematizing, interpreting awnalidating, separately from one
another. The aim of the LIMo project in 44 gradaenclasses in German grammar
schools was to investigate whether modelling coepeet can be promoted using digital
tools such as dynamic geometry software and sitategls such as a solution plan.
With respect to long-term competence developmeatetiwas a long-term, stable
increase in the interpreting competency only indghaup with a solution plan. But it
was possible to show the software-related selt&€fy as a significant predictor of
mathematization competency. Further observatioasese study show that technology
is used at different processes in the modellindgecynother quantitative test instrument
on teaching mathematical modelling was developetherbasis of a structural model.
The test consists of two parts: in the first, mbdgispecific pedagogical content
knowledge is recorded in a performance test; insék@nd, beliefs and self-efficacy
regarding mathematical modelling are recorded wa $icales. The results of the pilot
study show that the structural model for teachiragh@matical modelling was able to
be confirmed empirically. For promoting the compe in teaching mathematical
modelling of student teachers, practical elemehtmathematical modelling are most
suitable. The use of teaching and learning labde@nables the inclusion of practical
elements in teacher training at an earlier stafgpe. tfEaching and learning laboratory
MiRA+, specialising in modelling, was developedtla¢ University of Minster. An
investigation determined the extent to which aspeat the modelling-specific
diagnostic and task-based competence can be prdraoteng future teachers in the
mathematical teaching and learning laboratory MiRA# was evident that the
experimental group improved significantly with ajoraeffect on the three aspects of
development, analysis and multiple solutions dfdassed competence. With respect to
modelling-specific diagnostic competence, the expental group showed significant
improvements over time, with a major effect for &spects of identifying the modelling
phase and difficulties in the modelling processe Trivestigation thus clearly indicates
that professional competence in teaching matheailatodelling has been promoted
successfully in the context of the MiRA+ laborato@verall, selected studies from
Germany are used as examples to provide insighthet current research landscape.
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