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CHAPTER 1

Introduction to CiviMatics

Bastian Vajen, Lara Gildehaus, and Heidi Stremskag

with Yael Fleischmann, Timon Foss-Jahn, Michael Liebenddrfer, Nicola Nagy, Frode Renning,
and Jakob Steinbachner

Aims and Frameworks of CiviMatics

This handbook contains the results of the Erasmus+ project CiviMatics and offers an approach to linking
mathematics education and civic education in the field of teacher education and training at the university
level. The goal of CiviMatics is to offer educational tools to enhance the competences of future teachers
to address complex societal challenges in their classrooms and to combine socio-scientific and
mathematical perspectives to help their students understand various aspects connected to these issues.
To achieve this, the project focuses on normative modelling, which is the way mathematical modelling
and applications of mathematical models shape our reality and influence societal discourses as well as
individual and collective behaviour. To exemplify these dimensions of mathematical modelling, various
aspects connected to climate change and the human activities furthering it will be used as examples.

The teaching and learning approaches presented in this book as well as the competences
connected to them can be linked to the OECD’s PISA mathematics framework, aspects of the
Sustainable Development Goal 4 and the OECD Learning Framework 2030. The PISA mathematics
framework states that mathematical literacy of citizens must take priority over reproducing
mathematical techniques or routines (OECD, 2018b, p. 43). In this regard, the PISA mathematics
framework defines mathematical literacy as “an individual’s capacity to reason mathematically and to
formulate, employ, and interpret mathematics to solve problems in a variety of real-world contexts”
(OECD, 2018b, p. 7). In particular, it is important for citizens in the modern world “to reason
mathematically and to solve problems and interpret situations in personal, occupational, societal and
scientific contexts” as well as “to draw upon certain mathematical knowledge and understanding”
(OECD, 2018b, p. 22).

However, part of this mathematical literacy is not to be understood as the subject domain of
mathematics, but as a cross-sectional task for education (Weber-Stein & Engel, 2021, p. 166). As
mathematical literacy becomes more and more relevant to understand various societal processes due to
the progressive mathematisation of society, it becomes more and more connected to other subjects, such
as civic education (Mau, 2017, p. 24; Straehler-Pohl, 2017, p. 37; Weber-Stein & Engel, 2021).
Consequently, sustainable development goals, such as to ensure “that all learners acquire the knowledge
and skills needed to promote sustainable development, including, among others, through education for
sustainable development”, are intrinsically connected to mathematical competences, as they are essential
for describing, understanding, predicting, and communicating various issues connected to climate
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change (Barwell, 2013, p. 2). Therefore, learning about climate change provides an ideal topic for
linking civic education and mathematics, since the topic offers students a field of application for their
skills that authentically reaches into the students’ lifeworld through the actual effects of mathematical
models on political processes (OECD, 20183, p. 5).

However, before students are able to grasp the connections between the mathematical and societal
or political world, it is necessary to also offer teachers insights into these aspects. Thus, this handbook
offers various tools to give prospective teachers of mathematics and civic education insight into the
workings and principles of the respective subjects and to connect both subjects as part of teacher
education. Hence, this handbook will offer an introduction to mathematics education, civic education
and mathematical modelling as well as a number of different examples for lectures, seminars or other
teaching and learning activities to familiarise future teachers with the links between the two subjects.
In the first chapter, the conceptual principles of the CiviMatics project will be presented. This will start
with a brief overview of normative mathematical modelling, which is the cornerstone of this project,
negotiating questions about what a model is, what types of models there are, and what relationships exist
between classical mathematical modelling and civic education. Based on this, the framework for
normative modelling developed in the project and its connection to different subjects is presented. After
this theoretical foundation, a detailed description of different examples for a practical implementation
as part of teacher education will follow, which include the various approaches in different educational
settings from Norway (Chapters 2 & 3), Austria (Chapter 4), Germany (Chapters 5 & 6), and Romania
(Chapter 7). These chapters will also provide a didactic commentary with experiences from practice and
suggestions for adapting these courses for different educational settings. Additional materials, such as
PowerPoint presentations or worksheets used in the seminars can be found in the appendix of the
respective chapters as well as on the homepage of the project (https://www.civimatics.eu). The
handbook concludes with a summary of its contents and a brief outlook on further research (Chapter 8),
which also considers possible applications of the CiviMatics approach outside teacher education at the
university level.

Introduction to Mathematical Modelling

Mathematical Modelling

The notion of a model relies on the notion of a system, that is, a reality subject to its own laws. A model
is the result of a transformation of a system, usually a simplification, which is supposed to help in
generating knowledge about the studied system. In practice, to answer a question relating to a system,
one tries to build up a model which is easier, safer, and quicker to study than the system itself. Models
are thus used for answering questions or exploring phenomena, possibly guided by research questions.
Models always have a descriptive function, but they can also contain statements about what an individual
should do, and be used to analyse the system it models. If this is the case, models are referred to as
prescriptive, or normative. Depending on the case, a model can thus have descriptive, normative or
prescriptive uses. For example, prognostic models (e.g., models of greenhouse gas emissions) are
classified as descriptive, but they can be applied in a normative way.

Modelling is understood as the very process of building a model of a system and using it to answer
questions about the system at stake. There are different tools for modelling, such as the modelling cycle
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in the framework of Blum and LeilR (2005) and the Herbartian schema in the Anthropological Theory of
the Didactic (ATD, Chevallard, 2019). Insofar as modelling involves valuations, we speak of normative
modelling. Models can be prescriptive but non-normative (e.g., a cake recipe), but very often
prescriptive models will be normative, because certain actions or outcomes are treated as desirable. It is
important to recognise that descriptive models can also be normative if, for example, the descriptive
categories used are judgmental (“normal weight”) or implicitly value certain actions or outcomes. For
example, a model that relates CO, emissions in a country to people suggests different consequences than
a model that relates CO, emissions to economic output. In shorter terms: While a model can be used in
a purely descriptive way, that is, as a model of something, as is often the case in physics, for example,
it can also be used in a normative way, being a model for something.

Mathematical Modelling in (Higher) Education

Mathematical modelling has become a fixed part of school curricula in numerous countries due to its
advantages compared to classical mathematics teaching. Modelling tasks provide an opportunity to
connect different types of mathematical knowledge, which classical mathematics instruction often does
not accomplish sufficiently, and at the same time combine different competences such as reasoning,
modelling, and problem solving that do not have their own place in content-oriented mathematics
instruction (Bruder & Kruger, 2018). In particular, modelling tasks also train basic mathematical
knowledge and skills that are often not available to students to the desired extent. Furthermore,
modelling tasks cannot be solved schematically and can provide a remedy for the widespread problem
that students often treat tasks without considering the content, i.e. they only try to extract the numbers
and fit them into the currently typical calculation schemes (Bruder & Kriiger, 2018).

Despite this great advantage of modelling tasks, modelling processes are mostly given little
attention in teacher education and “(basic) competences for teaching mathematical modelling [are] [...]
not sufficiently taught” (Borromeo Ferri & Blum, 2018, p. V). This can also be demonstrated in the
research of Blum and Leifl (2006), who, when investigating how teachers deal with modelling tasks,
found that these involve problems that do not occur in the same way in “classical” mathematics classes.
Central to this is the difficulty balancing the independence of students and the intervention of teachers
as well as the demanding comparison of results, as often different results to solve a task must be dealt
with and different approaches must be discussed and reflected upon (Blum & Leif3, 2006). To be able to
successfully incorporate modelling tasks in the mathematics classroom, it is thus important to highlight
modelling competences in teacher education and to enable future and current teachers to incorporate
relevant tasks in their classrooms.

In the context of structuring the didactic approaches to mathematical modelling, Blum and
Borromeo Ferri (2010) described different competences that mathematics teachers need to enable a
meaningful handling of modelling tasks in the classroom. In particular, the competence to prepare and
conduct reality-based lessons plays a role in the teaching dimension, something that is also demanded
outside of modelling processes as a central element of mathematics education to promote the experience
of mathematics in everyday life and an opening up of the world through mathematics. Such realistic
modelling tasks can also address learner types that are normally less enthusiastic about mathematics
(Greefrath et al., 2013). Interdisciplinary approaches offer a useful starting point when seeking a
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connection to real-world phenomena. Social and economic challenges present an abundance of real-
world topics, all of which are well-suited for modelling tasks. These are the kinds of issues typically
explored in subjects like civic education or economics.

Link Between Mathematical Modelling and Civic Education

As a central principle, societal problems and their treatment are, as the subject of politics, also the subject
of civic education (Goll, 2014, p. 258). Using real problems as the starting point for educational
processes enables learners to better understand how democracies deal with challenges and how different
viewpoints are negotiated to create possible solutions (Reinhardt, 2018, p. 100). Even if concrete
problems and conflicts are constantly changing, their existence represents a fundamental component of
democratic societies. Therefore, using societal problems for civic learning processes retains a constant
relevance for civic education. However, the increasing complexity of modern societies leads on the one
hand to an increasing complexity of problems and possible solutions (Triantafillou, 2020, p. 4). One
consequence is a stronger mathematisation of society, which not only leads to new forms of information
which influence various decision-making processes, but also reorganises the fundamental conditions of
political and societal action (Straehler-Pohl, 2017, p. 37).

One example of this is the problem of climate change. Mathematical processes are central both in
describing the problem and in predicting its further development and weighing possible solutions
(Barwell, 2013, p. 3). Although the complexity of the problem and the competencies required to
understand it exceed the scope of civic education, its analysis and use in the classroom are nevertheless
indispensable for civic education. In this respect, it is important for civic education to strive for a
stronger interdisciplinary cooperation with other subjects when dealing with complex societal and
political problems, such as climate change, and, in this context, to remain open to the contents and
didactic principles of other disciplines. An interdisciplinary connection between subjects—such as
mathematics and civic education—can be advantageous for both disciplines. For example, mathematical
modelling can be used to develop a better understanding of the generation of knowledge about societal
problems and the cause-effect relationships of political decisions, while taking a civic perspective on
mathematical models can help to better grasp the use of modelling processes and its applicability to the
real world.

Normative Modelling and Civic Education

Principles of Civic Education

Although models are used on a regular basis in civic education, didactic discourses about the structure
of models as well as their uses for educational processes are lacking. When using models in civic
education, the goal is mainly to exemplify political processes and help students to understand their
underlying principles and structure. One prevalent model used to exemplify the process of political
decision making is the policy cycle. This model describes the policy process as evolving through a
sequence of distinct stages. Initially introduced as a normative model in political science aiming to
provide an ideal framework for planning and decision making, it has developed into a widely applied
framework to organise research on public policy (Jann & Wegrich, 2007). It was also introduced into
civic education to help teachers and students grasp real political situations in their complexity,
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interdependence, and formative elements. The phases of the political cycle, and the categories that
influence it, are reformulated into key questions guiding the process of understanding political decision
making (Massing, 1995, p. 86). Such categories are for example the division of the political domain into
polity (form), policy (process) and politics (content) (Oberle, 2016, p. 25). The policy cycle can be seen
as a tool to exemplify the processual structure of political decision-making, which may be influenced
by a variety of different variables, but consists of a distinct pattern (Massing, 1995, p. 88). Thus, the use
of models such as the policy cycle is twofold: On the one hand, the models should provide students with
a simplified, and thus somewhat flawed, picture of reality. On the other hand, they can be used as a tool
for analysis, by comparing real political processes with elements of the model and offering a basis for
inquiry.

Connected to the use of models such as the policy cycle are often other principles of civic
education, such as the problem orientation (Ackermann et al., 2018, pp. 31-33). Problem orientation
states that (political) problems and their treatment are, as objects of politics, at the same time objects of
civic education (Goll, 2014, p. 258). By taking up political problems (e.g., climate change) and making
them the focus of learning about politics, decisions are made about the methodological form of the
teaching-learning process. The teaching of problems aims at problem-solving thinking and, if successful,
promotes a high degree of judgement competence and political maturity in the learners. To achieve this,
Goll (2014) proposes that most approaches have three methodical steps: The analysis of the situation,
the discussion of possibilities and the formation of a judgement (p. 263). Such principles of civic
education are aimed at helping students acquire the ability to form a political judgement, which
represents the core of political education processes (Juchler, 2012, p. 24). The importance of
independent political judgement arises from the close connection between the ability to judge and the
concept of political maturity. The goal of civic education is to contribute to the development of
“political, moral, and ethical autonomy” through political maturity, which as part of self-determination
always requires the ability to make independent judgements (Henkenborg, 2012, pp. 28-29). In this
context, learners should be enabled to make independent assessments of political, economic, or social
issues while weighing different criteria (Reinhardt, 2018, p. 24).

However, the ability to judge cannot be regarded as a stand-alone competency, but has to be
integrated into the subject-didactic “triad” of political analysis competence, judgement competence, and
action competence (Henkenborg, 2012, pp. 32—34). On the one hand, judgement is therefore dependent
on a well-developed analytical competence, since a well-founded judgement appears impossible without
penetrating social and political facts and structures; on the other hand, it is also linked to the competence
to act, since the rational and independent judgement represents the basis of the political action of
democratic citizens. Using societal problems as a topic for civic education processes can help learners
understand the causes of such issues and enable them to analyse the political processes that are involved
in solving them. Models can be a useful tool to facilitate learning in this context, both regarding the
analysis of an issue as well as the political steps that can be taken to solve it. For an issue such as climate
change, the understanding of which is dependent on mathematical and political competences, it can be
beneficial to combine principles of civic education and mathematics education to enable learners to
grasp the issue, analyse possible solutions and act in accordance with their own judgement.
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Normative models, which serve as a framework for the interdisciplinary approach to modelling,
are approached in two different ways in the context of this project: On the one hand, with the help of a
normative modelling cycle developed in the project and, on the other hand, with the help of Study and
Research Paths, using the Herbartian schema. These approaches will be briefly presented in the
following.

Normative Modelling Cycle

The combination of civic education and mathematics education requires an adaptations of established
modelling cycles in order to make political analysis and judgement explicitly visible. Previous
representations aim at a mathematical result, which is often checked for its correctness at the end (e.g.,
by a measurement or an experiment). This unambiguity and verifiability is not given in normative
modelling. Our proposal on the methodological level therefore consists of a combination of the steps of
political didactic problem-orientation and mathematical modelling, which are made visible in acommon
model. The basis for this is a modelling cycle that already contains a so-called situation model, that is,
a mental representation of the situation (Blum & Leif3, 2005; Borromeo Ferri, 2006, p. 92). Normative
modelling, however, requires more, namely a political analysis of the situation (in addition to a
mathematical analysis), a discussion of political possibilities, and a judgement formation as subsequent
steps. At a minimum, the discussion of political possibilities requires that different possibilities emerge
from the mathematical models or that they can be considered from the very beginning. Therefore, the
guestion of selecting models or families of models arises. Policy analysis also requires identification of
the interests of involved stakeholders. Neither alternative models nor affected interests emerge on their
own. To incorporate these steps, we suggest a new modelling cycle, based on established approaches
but adding additional steps for the modelling processes (see Figure 1).

The first step, constructing (1.) does not involve conscious steps, but suggests that in normative
modelling we may need to reconcile different conceptions of reality if we are to negotiate solutions in
our societies. Simplifying (2.) is one of the most relevant steps. Which parts of the situation model are
included at all and how interrelation-ships are simplified essentially determines the result. Here,
alternatives have to be considered, their consequences for the model have to be estimated and they have
to be classified with regard to political interests. Mathematization (3.) is in itself a technical step,
provided that the real model is specified precisely enough. In practice, however, the real model is
specified more concretely in this step, so that simplifications similar to those in (2.) are to be expected
here as well. The mathematical work (4.) will rarely provide starting points for the political discussion.

Although alternative actions exist here (e.g., obtaining solutions algebraically or numerically),
the differences, if any, should be irrelevant. Interpreting (5.) should also be more of a technical step
because it initially involves only the translation of mathematical variables, functions, etc. into reality.
However, generalizations could be made at this step, concerning e.g. model assumptions or restrictions
of variable ranges, etc. Moreover, the presentation of the results will very often suggest actions, at least
implicitly. Such (normative) statements can never be the result of a mathematical calculation and should
therefore always be outsourced to the further steps. First, the different possibilities and the different
implications related to the stakeholders’ interests should be noted through the reflection and critique of
the modelling just described. We named that to build a “map of possibilities”. After that, everyone
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should form their own judgment (8.) by weighing the interests. Finally, it should be acknowledged that
decision taken in the classroom might have an impact on the world as we assume it to be at that moment
(in terms of our situation model; 9) and as it is (reality; 10).

Figure 1
An interdisciplinary modelling cycle

1. Constructing/
= analyzing/unders
tanding
py Real model model / problem structuring
Situation model 3. Mathematizing
1 mathematically
5. Interpreting
100 9 N 6. Considering
‘ alternatives
7. Political analysis
3 8. Judgement
formation
- 9. Assumed effect
7 Real result result 10. Effect
5

The presented cycle can be helpful for the creation of models as well as for the analysis of
modelling, because it explicitly points out working steps. For example, arguments that one has
“recalculated” certain effects are made discussable. Different real results are usually not based on
different interpretations (5) or mathematical solutions (4), but partly on mathematisations (3) and
especially simplifications (2) as well as perceptions of reality (1), which all have to be discussed
explicitly. In the process, it may be possible to identify the interests of the actors concerned, which frame
such assumptions.

The Anthropological Theory of the Didactic and Study and Research Paths

The Notion of Praxeology

The anthropological theory of the didactic (ATD) postulates that any activity related to the production,
diffusion, or acquisition of knowledge should be interpreted as an ordinary human activity, and thus
proposes a general model of human activities built on the notion of praxeology. This is a key notion in
the ATD, explained like this:
A praxeology is, in some way, the basic unit into which one can analyse human action at large. [...]
What exactly is a praxeology? We can rely on etymology to guide us here — one can analyse any
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human doing into two main, interrelated components: praxis, i.e. the practical part, on the one hand,

and logos, on the other hand. “Logos” is a Greek word which, from pre-Socratic times, has been
used steadily to refer to human thinking and reasoning — particularly about the cosmos. [...] One
fundamental principle of the ATD [states that] no human action can exist without being, at least
partially, “explained”, made “intelligible”, “justified”, “accounted for”, in whatever style of
“reasoning” such an explanation or justification may be cast. [...] Of course, a praxeology may be a
bad one, with its “praxis” part being made of an inefficient technique — “technique” is here the official
word for a “way of doing” — and its “logos” component consisting almost entirely of sheer nonsense
— at least from the praxeologist’s point of view! (Chevallard, 2006, p. 23).
A praxeology in the ATD is a unit composed of four components (Chevallard, 2019): T, 1, 6 and ®
(sometimes referred to as “the four t-s”). T (Latin capital letter t) is a type of tasks, t (Greek tau) is a
technique (or a set of techniques) to solve the tasks, 8 (Greek theta) is a technology (i.e., a discourse) to
describe and explain each technique, and ® (Greek capital theta) is a theory that justifies the technology.
T and 7 belong to the praxis block of a praxeology, whereas 6 and ® belong to the logos block. A
praxeology p is thus written: p = [T / t/ 6 / ®]. A priori praxeological analyses are important for
classroom experiments, where praxeological models of the knowledge at stake are instrumental in
designing interventions to be implemented in the classroom. Praxeological analyses can also be done a
posteriori to analyse how a praxeology has been built up during the solution of a problem (see e.g.,
Stremskag, 2021).

From Knowledge “Visits” to Dynamic World Inquiries: A Paradigm Shift

The prevailing didactic paradigm, which we may refer to as the paradigm of visiting works, is
fundamentally rooted in the notion that there are specific bodies of knowledge, or curricula, which bear
significant social relevance (Chevallard, 2015). Within this framework, learners engage primarily with
selected praxeologies, and often do so without truly grasping the raisons d’étre underpinning them.
While this paradigm is not strictly synonymous with a teacher-centric approach, it tends to prioritise the
foundational praxeologies over the activities and challenges that might otherwise contextualise them.
This is particularly evident in how mathematical knowledge is presented—as a polished, final product.
The intrinsic motivations or initial questions that paved the way for its evolution are frequently pushed
to the sidelines. Such an approach culminates in what Chevallard (2015) describes as the
“monumentalisation” of the curriculum. Here, mathematical entities are held in reverence, almost to the
extent of being sacrosanct, with little room for inquiry or contestation. The potential pitfall of this
paradigm is that it might render the curriculum as something distant, perhaps even intangible, to
students.

On the other hand, the paradigm of questioning the world offers a more encompassing
pedagogical strategy. The foundational methodological component underpinning the paradigm of
questioning the world is the notion of Study and Research Path (SRP) based on the so-called Herbartian
schema (Chevallard, 2019):

[S(X, Y, Q) = M] = A"
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Here, the didactic system S(X, Y, Q) is not formed around a given praxeology to be studied, but around
aquestion Q to which X (the students), with the help of Y (the teacher/teachers), has to provide an answer
AY. The study of Q generates an inquiry process involving a didactic milieu M made up of different
types of objects or tools for the inquiry:

M = {Alo, AZO, caey Amo, Wl, W2, eey Wn, Q]_, QZ, caey Qp, D]_, D2, caey Dq},

where the components of M signify the following: Ai® are existing answers to Q found in the literature

and elsewhere; W; are all types of work that must be used in order to study and understand all the other

components of M; Qx are questions generated by the study of Q and the other components in M; and D,

are datasets that are collected through various types of research during the study of Q.

In the Herbartian schema, the concept of “visiting works” remains but is driven by the need to
find productive answers, A¢, even if it means delving into vast knowledge domains with expert guidance.
The motivation behind such visits is not the prestige of Ai® but its utility in forming A¥. The Herbartian
schema outlines the key components of the inquiry process. The dynamics of such a process are
articulated through various dialectics, with Bosch (2018) highlighting three as especially significant:

- Question-Answer Dialectic: this embodies the iterative essence of research, where answers to initial
guestions spark further questions, necessitating a deeper exploration into the subject;

- Media-Milieu Dialectic: here, a distinction is drawn between the media, which propagates messages,
and the milieu, a system devoid of any intention with respect to the question studied. For a message
to gain credence, it must endure the scrutiny of the milieu, affirming its authenticity and relevance;

- Individual and Collectivity Dialectic: this emphasises the balance between individual contributions
and collective aspirations in the research process.

The new paradigm is based on three principles related to curricula (Chevallard, 2018). Firstly,
every human community has duties towards its members. An essential duty is that of defining and
implementing a community curriculum to ensure that all members of the community are enabled to
think and act appropriately, in a way beneficial to themselves and to others, in the different social worlds
(in particular the worlds of family, profession, and citizenship) in which they are or will be led to live.
This aligns with Lange’s (2008) emphasis on the competence area of social learning. Similarly, Print
(2013) identifies competences essential for democratic citizenship. These competences encompass
beliefs in social justice, equality, and the equal treatment of all citizens. Furthermore, they also include
the skills necessary for coalition building, cooperation, and the ability to thrive in a multicultural
environment.

Secondly, the curriculum within the community should empower its members, either as
individuals or in collective groups, to discern, articulate, and address the questions they encounter. This
relates to democratic competences like the ability to critically assess information, evaluate stances or
decisions, adopt a viewpoint, and substantiate that position, as outlined by Print (2013). Thirdly, to
achieve this goal, the community shall define (and revise regularly) a curriculum core made up of
questions that members of the community “have the right not to be allowed to avoid” (Gagnon, 1995,
p. 72).

In summary, the paradigm of visiting works offers a structured approach, prioritising established
bodies of knowledge, which can sometimes risk making the curriculum seem fixed or unrelatable to
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students. On the other hand, the paradigm of questioning the world leans towards fostering inquiry and
critical reflection, placing emphasis on the journey of discovery rather than just the destination. This
latter approach may present education as more interactive and dynamic.

Practical Applications

The ability to make autonomous political judgments, which is a central component in civic education,
is dependent on extensive analytical competence, because without an understanding of social and
political issues, a well-founded judgement seems impossible. Complex issues and their solutions, like
climate change, require an under-standing of mathematics and civics to properly analyse them and form
an informed judgement. Mathematics education and civic education offer a high potential for
cooperation in the teaching of complex societal problems due to similar objectives and the reference to
comparable concepts. Practical examples of such an interdisciplinary approach will be provided in the
next chapter.
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