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Foreword

Foreword

What are the benefits of using programmable tools, such as robots, in primary school? While these tools
have limited lifespans, the knowledge of interacting with them is crucial. Moreover, it is rewarding for stu-
dents to witness a robot responding correctly and as desired. The process of achieving the desired outcome
usually involves multiple trials and test runs, which helps prepare students for future professional fields.

Geometry and activities related to geometric ideas are particularly well-suited for incorporating program-
mable tools. Unlike in arithmetic, geometric algorithms can be expressed using everyday language. At the
same time, students can be gradually introduced to appropriate mathematical terminology, enabling them
to communicate their ideas more effectively and clearly.

First and foremost, Mathematical language is functional: it should support co-constructive work processes
and learning processes. This includes three aspects:

purpose, clarity, and targeting.

These aspects apply not only to communicating ideas to others but also to programming, which is a specific
way of interacting with machines. To achieve the desired behavior, machines need to be programmed,
meaning they need to be given specific instructions in a precise manner.

Specifically:
@ Purpose. It is important to consider the type of activity that is required from the machine and what can

be expected from it. This is initially done in natural language. From the perspective of the machine and
its designers, this can be referred to as pseudocode.

@ Clarity. The pseudocode needs to be examined to ensure that the intended meaning is clear and possible
misunderstandings are eliminated. Implicit assumptions should be reflected upon, taking into account
the ways in which the machine under consideration works.

@ Targeting. The clarified pseudocode must be translated into the machine’s programming language. Syn-
tactical peculiarities of the programming language need to be considered; otherwise, error messages
and a refusal to act will occur. Machines are not generously accommodating dialogue partners.

While it may initially seem unfamiliar, those seeking to interact with machines and achieve specific behav-
iors must adapt to their unique dialects; otherwise, the desired results may not be attained.

During the process of programming a machine, two types of experiences are acquired:

1. Even though the peculiarities of programming a machine may initially seem off-putting and demotivat-
ing, persevering is worthwhile. Not only because the desired outcome is eventually achieved, but also
because adapting to new machines becomes easier and faster with experience.

2. The transfer to forms of interpersonal dialogue is promising: there too, an assessment of what the dia-
logue partner already knows and understands is necessary and potential misunderstandings need to be
identified and avoided. Furthermore, existing language can be adapted and modified in an agreed-upon
way such as by introducing technical terminology.

Learning Geometry in primary school requires language development that starts from everyday language
and elementary experiences and is increasingly characterized by agreed-upon specifications. This explains
the central benefit of programming in primary school.

Bernd Wollring, Berlin 20 July 2022
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Didactic background

Algorithms in primary school mathematics lessons

In discussions on digital education, it is not uncommon for the media and school councils to use
terms such as “21%-century skills” or “computational thinking”. But what exactly do they mean in the
context of the teaching of mathematics?

The German Standing Conference of the Ministers of Education and Cultural Affairs has issued a
strategy paper on the goals of school education in the digital age (KMK, 2016). However, the com-
petency requirements for modern education mentioned in the paper are formulated in a cross-
curricular and topic-independent manner. Among the required competencies is the competent use
of algorithms. As there are no dedicated computer science lessons in elementary school, teachers
will have to find ways to integrate coding tasks into their teaching of other subjects. In particular,
students should learn to:

¢ recognise and formulate algorithms, [...]
¢ recognise and formulate algorithmic structures in digital tools used, [and]
4 plan and use a structured, algorithmic sequence to solve a problem (KMK, 2016, p. 18).

The concept of an algorithm is a fundamental idea in mathematics education, and as such mathe-
matical algorithms are a suitable starting point for the implementation of the KMK guidelines.
Winter (1976) describes fundamental ideas as mathematical concepts that have strong connections
to reality, are characterised by internal conceptual richness, allow for different approaches, and can
be revisited in different grades. The definition of an algorithm as a precise description of activity in
the form of unambiguous instructions provides numerous points of contact with elementary school
mathematics education, such as written methods for addition, the calculation of greatest common
divisor and least common multiple, or descriptions of geometric constructions (Mdller, Eilerts,
Collignon & Beyer, 2022).

As a contemporary approach to promoting these skills, Wilson, Hainey & Connolly (2012) report on
the promising use of programmable materials such as coding apps or robots. These help children
gain insights into the concepts of algorithms and are motivating and action-oriented. Kyriakides &
Meletiou-Mavrotheris (2018) find that programming activities help learners to deal better with
abstract mathematical ideas and to formulate them more concretely. They also improve prob-
lem-solving skills, logical reasoning, understanding of arithmetic and algebraic processes, and
geometric skills.

Promoting spatial perception and imagination

With regard to geometric skills, the development of visual-spatial perception and processing is
particularly important. Previous studies in this field indicate that inadequate promotion of spa-
tial-visual skills can be partly responsible for children’s difficulties in dealing with arithmetic con-
tent and visualisation. Furthermore, this area of competence is considered a significant component
of human intelligence and is closely related to academic performance - not only in mathematics
education (Franke & Reinhold, 2016).

© scolix
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There are various models for describing visual-spatial perception and processing. The following is a
three-component model based on Franke & Reinhold (2016). In practice, the three components can-
not be clearly separated from each other because tasks always address all areas. However, they
can serve as a basis for the diagnosis and promotion of visual-spatial perception and processing.

(internal dynamic)

Figure-ground o
Spatial visualisation

distinction

Visuomotor
coordination

Quick
comprehension
and visual Shape
memory . . closing
Visual-cognitive
] ] processes
(internal static)
Spatial relations Spatial orientation

and empathising with

recognising, forming other perspectives

and presenting

Perceiving
relationships and
spatial location

Perceptual
constancy

Three-component model of spatial abilities according to Franke & Reinhold, 2016, p. 85.

The first component is called “Spatial relations”. This comes into play especially in thinking pro-
cesses that work with mental rotations and reflections of rigid configuration in different positions.
The focus of the spatial imagination processes can be described here as internally static.

Another component in this model is “Spatial visualisation”. This comes into play especially in think-
ing processes with mental changes of parts of a figure or the figure as a whole. This means that
something is spatially shifted, disassembled, folded, or enlarged.

The third component in the model is “Spatial orientation”. This area includes both the orientation in
the perceived space and the mental transfer into another perspective. Consequently, it is also
about grasping spatial relationships in relation to one’s own body and its spatial orientation, imag-
ining other spatial positions, or making a right-left distinction.
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Designing and teaching with learning environments

The starting point of the working materials presented in this ] i

book is the concept of good tasks and their extension to learn- Learning enwronments %
ing environments. Good tasks enable learning the same sub- are large, flexible tasks,
ject at different levels of intensity and allow the consideration
of different gbilities, sl.<ills, sol.ution ideas, strotegigs, and ways by certain inner-mathematical or
of presentation. Learning environments thus combine several relevant central ideas.

of these (sub-)tasks under a mathematical or subject-related (Hirt & Wailti, 2016, p. 13)

guiding idea into a flexible, comprehensive task (Wollring,
2009; Hirt & Walti, 2016). The concept of learning environments

which usually consist of several
subtasks and are bound together

¢ represents central goals and contents of mathematics teaching,
4 provides rich opportunities for mathematical activities for learners,
¢ can be adapted to the specific conditions of a class due to its flexibility,

¢ integrates mathematical and pedagogical aspects of teaching and learning (Krauthausen, 2018,
p. 257f.).

Wollring (2009) formulated six guiding ideas for the design of learning environments. They describe
the wholeness of learning environments based on the following aspects:

Subject and meaning

Articulation, communication, and social organisation
Differentiation

Logistics of managing learning materials and time

ik wnN s

Evaluation and assessment
6. Connections with other learning environments

In this sense, learning environments are a framework for teachers that can be adapted and speci-
fied to achieve specific learning goals in their classrooms. The guiding ideas can be applied to ana-
logue and digitally supported learning environments.

In addition to these basic characteristics for the overall design of learning environments, four expe-
riences for promoting computational thinking, according to Kotsopoulos et al. (2017), were taken
into account during the design of subtasks within each learning environment. The tasks were
designed in such a way, that they enable an increasingly deeper engagement with the learning
material.

Pedagogical experiences from Kotsopoulos et al. (2017), ascending according to complexity:

¢ The first stage is called “Unplugged”. Here, experience is gained by engaging with materials
without digital support.

¢ At the “Tinkering” level, existing objects are modified by tinkering and fiddling around under
the question “What if ...?".

4 This is followed by experiences in the third stage, “Making”. Here the focus is on activities
that create new objects.

¢ The most complex experiences are made possible by the “Remixing” level. Here, already exist-
ing objects are modified (in parts or as a whole) and used in other projects or for other pur-
poses

© scolix
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Four pedagogical experiences to promote computational thinking, according to Kotsopoulos et al, 2017, p. 159.

The scaffolding of programming

Depending on the children’s prior knowledge, the level of
difficulty can be varied with the help of an appropriate scaf-
folding structure (detailed in Mdller, Eilerts, Collignon &
Beyer, 2022) for instance by choosing a suitable program-
ming template to guide student activities.

Scaffolding describes a
way in which a child can be
supported to progress during a

task or activity. The basic idea is
that any support (for instance in

¢ To get started, a faulty program can provide a suitable the form of hints or further mate-
template for independent correction. rial) is just enough to enable the
4 For advanced students, the pre-structured template can learner to cope with the task at

hand and thus allows the student
to reach the next level of compe-
tence on their own.

(Tavassolie & Winsler, 2018).

be used, in which the command category is given by the
colour of the blocks, but the concrete action still must to
be identified.

¢ For the very experienced, a template can be dispensed
such that a working program that achieves the given goal
must be coded by students entirely on their own.

In addition, depending on previous knowledge, you can choose between linear or loop-based pro-
gramming for the templates. For the linear templates, the optimisation and reduction of the pro-
gramming blocks through the use of loops can follow as a deepening task.
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