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Abstract
We introduce an ongoing project as a collaboration of a technical university and a pedagogical university (i.e., a university of teacher education) to
foster informatics competencies in Swiss primary schools (KG–6). The focus lies on teacher education and on enabling the teachers to link informatics
competencies to other subjects.
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Introduction

The 21 German-speaking cantons of Switzerland agreed on a curriculum called
“Lehrplan 21” (referred to as LP21) for obligatory school, which contains a module media and informatics aiming at a steady build-up of informatics competencies such as data encoding and processing and algorithmics [1]. While this is good
news for us as educators, the time budget for the module is very limited. It is consequently without any alternative to teach informatics skills interdisciplinarily –
but this in turn means confronting (future) teachers with informatics who do not
have a corresponding background themselves. Accordingly, future teachers need
training in how to foster informatics skills in other subjects; and this should be a
pillar of their education.
In this article, we introduce a project called IGif (roughly a German acronym
for “fostering basic informatics competencies interdisciplinarily”) that aims at approaching this issue. In particular, we describe how future primary school teachers
are sensitized for the matter at “Pädagogische Hochschule Graubünden” (PHGR,
university of teacher education Graubünden).
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Abstract
Learning to program may make students more employable, and it may
make them better thinkers. However, the most important reason for learning
to program may well be that it enables an entirely new way of learning.1
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Why Everyone Should Learn to Program

We are in a gold rush in computer science education. Countless school districts,
states, countries, non-profits, and startups rush to o↵er computer science, or coding, for all. The goal—or gold?—too often is seen in empowering students to get
great future-proof jobs.
This first goal—programming to earn—is fine, but it is much too limited.
A broader goal looks at computer science education as general education that
helps students to become critical thinkers. Like the headmaster of my school, who
recommended I study Latin because it would make me a better thinker. It probably
did. And so did studying computer science.
This second goal—programming to think—is great. However, I claim that
there is a third, even greater, goal for teaching computer science to each and every
person on the planet. Read on!
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Computer Language as a Medium

In “Computer Science: Reflections on the Field, Reflections from the Field” [6],
Gerald Jay Sussman (MIT) writes an essay called “The Legacy of Computer Science.” There he cites from his own landmark programming textbook “Structure
and Interpretation of Computer Programs” (SCIP) [1]:
1

This article is based on a blog post previously published at https://medium.com/
@mathau/learning-to-program-programming-to-learn-c2c3d71d4d1d

The computer revolution is a revolution in the way we think and in
the way we express what we think. The essence of this change is the
emergence of what might best be called procedural epistemology—
the study of the structure of knowledge from an imperative point of
view, as opposed to the more declarative point of view taken by classical mathematical subjects. Traditional mathematics provides a framework for dealing precisely with notions of “what is.” Computation
provides a framework for dealing precisely with notions of “how to.”
In his “Legacy of CS” essay, he then goes on about pedagogy:
Traditionally, we try to communicate [...] skills by carefully solving selected problems on a blackboard, explaining our reasoning and
organization. We hope that the students can learn by emulation, from
our examples. However, the process of induction of a general plan
from specific examples does not work very well, so it takes many examples and much hard work on the part of the faculty and students to
transfer the skills.
And here comes the most crucial part:
However, if I can assume that my students are literate in a computer programming language, then I can use programs to communicate ideas about how to solve problems: I can write programs that
describe the general technique of solving a class of problems and
give that program to the students to read. Such a program is precise and unambiguous—it can be executed by a dumb computer! In
a nicely designed computer language a well-written program can be
read by students, who will then have a precise description of the general method to guide their understanding. With a readable program
and a few well-chosen examples it is much easier to learn the skills.
Such intellectual skills are very hard to transfer without the medium
of computer programming. Indeed, “a computer language is not just
a way of getting a computer to perform operations but rather it is a
novel formal medium for expressing ideas about methodology. Thus
programs must be written for people to read, and only incidentally for
machines to execute.” (SCIP)
So, “computer programming” is a kind of advanced pedagogical device! Before we investigate this idea further, let’s review the other two reasons for teaching
programming to everyone.
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Reason 1: Programming to Earn

The first reason mentioned in my introduction, the need for more software engineers in industry, has some benefits. There indeed seems to be a need for more
professional software engineers, and software engineer is indeed a well regarded
and well paid job. And learning to program in school might indeed entice some
students to eventually study computer science to become professional software
engineers. However, teaching programming to everyone in school, for the sole
purpose of boosting the number of people who will later study computer science,
seems like an inappropriate use of the limited time available in school.
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Reason 2: Programming to Think

I always wondered why the headmaster of my school told me that studying Latin
would teach me to think. That was, until I learned about the Trivium.
The Trivium is an idea from the Middle Ages and defines the foundational education in these times. In a presentation entitled “The Lost Tools of Learning” [9]
Dorothy Sayers discussed the idea of the Trivium at Oxford University in 1947:
The syllabus was divided into two parts: the Trivium and Quadrivium. The second part–the Quadrivium–consisted of “subjects,” and
need not for the moment concern us. The interesting thing for us
is the composition of the Trivium, which preceded the Quadrivium
and was the preliminary discipline for it. It consisted of three parts:
Grammar, Dialectic, and Rhetoric, in that order.
Now the first thing we notice is that two at any rate of these “subjects” are not what we should call “subjects” at all: they are only
methods of dealing with subjects. Grammar, indeed, is a “subject” in
the sense that it does mean definitely learning a language–at that period it meant learning Latin. But language itself is simply the medium
in which thought is expressed. The whole of the Trivium was, in fact,
intended to teach the pupil the proper use of the tools of learning, before he began to apply them to “subjects” at all. First, he learned a
language; not just how to order a meal in a foreign language, but the
structure of a language, and hence of language itself–what it was, how
it was put together, and how it worked. Secondly, he learned how to
use language; how to define his terms and make accurate statements;
how to construct an argument and how to detect fallacies in argument.
Dialectic, that is to say, embraced Logic and Disputation. Thirdly, he
learned to express himself in language–how to say what he had to say
elegantly and persuasively.

The Trivium taught students to think clearly, and enabled them to learn concrete subjects much more easily. Sayers argues further, that modern education
(in 1947) lost track of this idea, and tried to teach students as many subjects as
possible, instead of first teaching them how to think (and learn). She argues that
teaching the Trivium first would make it dramatically easier and more efficient to
learn any number of subjects later.
I wonder whether a modern-day equivalent of the Trivium would contain programming, or maybe, more generally “computational thinking,” as one of its nonsubject subjects.
In any case, if programming is part of a new Trivium—of the set of subjects
that allow people to think clearly—then, obviously, everyone has to learn to program. However, in this article I want to focus on Sussman’s somewhat related but
di↵erent reason for learning to program.
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Reason 3: Programming to Learn

The third reason for teaching programming to everyone is to enable Sussman’s
view of using computer programming as a new pedagogical device. This is a very
concrete approach: if we are able to program, we can then teach other topics (like
biology) by modeling the phenomena of those topics using computer programs.
Thus, the reason for learning to program is to later enable us to program to
learn!
Note that I am not proposing that “programming to learn” would completely
replace existing pedagogical tools. In fact, programming an executable model
of some phenomenon may not be enough to fully understand that phenomenon.
For example, if a “programming to learn” activity already starts with a rather
complete specification of the phenomenon, a student may be able to implement a
working program in a somewhat mechanical way, without profoundly understanding the deeper meaning of the specification or the phenomenon. Nevertheless, I
believe that “programming to learn” can greatly augment existing pedagogical
approaches.
I came up with the phrase “programming to learn” when reading Sussman’s
essay. I quickly discovered that others used it long before me. However, their
interpretations di↵er somewhat from Sussman’s idea.

5.1

Mendelsohn et al.’s Interpretation

Already in 1990, Mendelsohn et al. brought up that phrase in their book chapter
on “Programming Languages in Education: The Search for an Easy Start” [4].

[...] as new languages have been developed, there has been much
discussion of whether the primary aim should be to teach children
programming for its own sake, or to use programming in the service
of some other end or discipline—“programming to learn, or learning
to program.”
Mendelsohn et al. look at the two phrases—“programming to learn” and
“learning to program”—as two mutually exclusive choices, as two di↵erent ways
of learning to program. They seem to regard “programming to learn” as a way
to learn to program in a meaningful context, where the programming language
“acts as a medium for the practicing of specific skills,” while they regard “learning to program” as a way to learn to program in a decontextualized way, where
the “programming language is above all a new language to be learnt.”
In Sussman’s view, “programming to learn” does not seem to include “learning
to program.” That is, students first learn to program, and, after that, they can use
the gained programming skills to use programming to learn.

5.2

Miller’s Interpretation

In his 2004 dissertation, “Promoting computer literacy through programming
Python,” [5] John Alexander Miller puts “programming to learn” in a more general
context:
• “learning to read” enables students to “read to learn”
• “learning to write” enables students to “write to learn”
• “learning computer literacy” enables students to “use computer literacy to
learn”
• “learning to program” enables students to “program to learn”

Miller’s work connects “programming to think” and “programming to learn.”
On one hand, he considers programming as a cross-cutting part of a new Trivium,
proposing to replace Latin with Python. This is more about acquiring computational thinking skills than learning to program to enable Sussman-style learning
experiences. On the other hand, Miller highlights the power of programs as “executable notations” and concludes with:
[...] integrating programming into curricular activities may significantly alter what knowledge becomes important to learn in many of
the traditional subject areas, as well as how that knowledge is learned.
Sussman’s idea is exactly about using programming to alter how knowledge is
learned.

5.3

Resnick’s Interpretation

In 2012, Mitchel Resnick, Professor of Learning Research at the MIT Media Lab,
gave a TED talk with the title “Let’s teach kids to code” [7], where he brought
up the phrase “Code to Learn.” He further elaborated the idea in a 2013 EdSurge
post titled “Learn to Code, Code to Learn” [8]. He argues that coding helps you
to learn how to: experiment with and communicate new ideas, take complex ideas
and break them down into simpler parts, collaborate with other people on your
projects, find and fix bugs when things go wrong, and keep persistent and persevere in the face of frustration.
Resnick’s interpretation of “code to learn” seems to align with the second
reason: learning to code to help students to become more literate, critical thinkers
and creators. The skills he enumerates are helpful in many other contexts just
like the “thinking skills” my Latin teacher instilled are helpful in other contexts.
Resnick’s interpretation does not, however, directly and completely address the
third reason: learning to code to provide students with the means (coding) so they
can learn in the entirely new way described by Sussman.

5.4

Wenger’s Interpretation

In a 2012 blog post “Learning to Program, Programming to Learn” [10], Albert
Wenger writes:
Programming is “teaching” the computer how to do something. If
you can’t teach it to the computer you have probably not completely
understood it. Hence the “programming to learn” in the subject line
of this post.
He enumerates a set of school subjects in which he sees programming helping with
learning: History (programming animated maps and historical timelines), English
(programming word games), Music (programming music, sound, and visualizations thereof), Science (programming simulations), and Math (programmatically
illustrate the number line, connect algebra and geometry).
Wenger’s interpretation is very close to Sussman’s. While Sussman describes
the teacher writing a program for students to read, Wenger talks of the students
writing the program themselves. Wenger’s approach thus represents a more active
approach to learning and thus is more in line with modern pedagogy. Another difference is that Sussman focused on college-level courses, while Wenger discussed
using programming in school.

5.5

Guzdial’s Interpretation

In his 2015 book on “Learner-centered design of computing education: research
on computing for everyone” [3], Mark Guzdial, a computing education professor
at the Georgia Institute of Technology, discusses a list of potential reasons for why
everyone should learn computing: jobs, learn about their world, computational
thinking, computational literacy, productivity, and to broaden participation.
Guzdial’s book is a treasure trove of information about studies on computing
education for everyone. Overall, Guzdial finds that what I call “computing to
think” is less promising, because there is no evidence that one can teach general,
transferable problem-solving or thinking skills by teaching programming. However, he argues and cites evidence that programming can be helpful in learning
subjects like mathematics, science, or engineering:
Writing a program to solve an engineering problem may give students new insights into the engineering problem. Writing a program
to express an idea can transform how the programmer thinks about
that idea. This is not about transfer. This is about the power of using
a new medium, of applying computing to new domains.
This very much corresponds to Sussman’s “computing to learn” perspective.
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Programming to Learn What?

I find that idea of “programming to learn,” in Sussman’s sense, extremely powerful! And I realize that I and many of my colleagues have been applying that
idea in our courses for a long time: we have students implement a concept as a
program just so they will profoundly understand that concept.
Given that I teach concepts in computer science, the concepts I teach often
are methodological and amenable to modeling and implementation in code. For
example, I taught computer architecture by having students implement a simple
micro-architectural simulator. Or I teach version control by having students implement a simplified simulator of Git. And who has ever taught compiler optimization without having students implement at least parts of a compiler?
I wonder where the boundaries of this “programming to learn” approach lie.
Can you teach statistics this way, and how well can you do so? Biology? Economy? Psychology? Sociology? How about history, or natural languages? Carpentry? Plumbing? Or... art?
I bet the boundaries lie far beyond computer science. And I bet few noncomputer-scientists actually use a “programming to learn” approach. Sometimes
because they never learned to program. Other times because their students can’t
program.

7

Do Not Neglect Learning to Program

Programming to learn might be the most important reason for learning to program. However, in order to program to learn, we do have to learn to program. If
we single-mindedly focus on “programming to learn,” on how students can use
programming to learn other topics, and if programming disappears—or is never
introduced—as a curricular subject, then we risk that students will not learn the
foundational concepts underlying “programming.” As a result, they will not be
able to program to learn either.
This risk is not negligible. A similar phenomenon happened in Switzerland [2], when informatics was eliminated as a subject from the high school curricula, and instead was integrated into the various subjects in which it could be
applied. The result was that students did not really learn programming anymore,
but only learned how to use computers as end-users.

8

Conclusions

In order to program to learn, you first have to learn to program. So we have to
teach coding, or programming, to everyone! Not because they need to become
professional programmers. Not even because it improves their critical thinking
skills. But simply because it opens up a new, potentially powerful way of learning.
By reading and writing code.
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It has been pointed out that informatics has many points of contact with other
disciplines, specifically with mathematics [2–4]. Moreover, basics of computer
science are getting more and more important for almost all sciences. Teaching informatics competencies interdisciplinarily is therefore very natural. IGif is specifically tailored towards teacher education under the Swiss curriculum LP21, but we
hope to spark similar initiatives in other countries.
The term “informatics competencies” is clearly defined by LP21 in this context, with the term competency referring to Weinert [5]. The three LP21 informatics competencies state that the students [1]
• MI.2.1. are able to represent, structure, and evaluate data from their surroundings;
• MI.2.2. are able to analyze simple problem statements, describe feasible
solution strategies, and implement them as computer programs; and
• MI.2.3. understand the design and functionality of information processing
systems and are able to apply processes of secure information processing.
These three main competencies are further subdivided into competency steps
suited for the corresponding level of the students. For instance, competency step
MI.2.1a (having target group KG–2) states that the students
“are able to organize things by self-chosen properties so that they
are able to find an object with a given property efficiently (e.g., color,
shape, or size).”
In the subsequent section, we describe IGif in more detail. In Section 2.1, we
sketch the outline and give a concrete roadmap; note that the project is ongoing
as this article is published. In Section 2.2, we describe the specifics of the vocational semester in which the project is implemented. Section 2.3 is devoted to our
experiences with a first iteration of the project where the focus laid on synergies
between mathematics and informatics. In Section 2.4, we state the future plans
for IGif. We conclude in Section 3.

2

The Project IGif

The project was launched in January 2019 for a time span of two years as a collaboration of PHGR and ETH Zurich. One half of the costs is state-financed, and
this half is matched by the two universities. PHGR and ETH Zurich have a history

of collaboration with respect to informatics education by having launched similar projects and further education workshops in the past. Future projects such as
joint-degree study programs are planned.
A very central point of the project is the diversity of the people that are involved – first of all, the complementing expertises of a pedagogical university and
a technical university are combined, and second, di↵erent departments of PHGR
are involved.

2.1

Outline and Roadmap

PHGR educates future primary school teachers. The corresponding bachelor degree course takes six semesters of which the fifth takes a special role – this is
the vocational semester, where the students visit a school and teach in front of a
class. In this process, they are supervised by a tutor, usually a highly experienced
teacher.
IGif aims at giving these students in the fifth semester and their tutors an
overview of the LP21 informatics competencies, and supply the former with ideas
of how one or more of these competencies can be addressed as part of their vocational semester – and of course within their lessons as primary school teachers
once they finished training.
PHGR contains six departments, namely Language, Design, Music-RhythmTheater, Mathematics, Nature-Human-Society, and Sports, responsible for teacher
education within the respective subjects. The students teach a subset of these subjects in their fifth semester; ideally, they see potential to make connections to the
LP21 informatics competencies for each single one of them. This constitutes the
ultimate goal of the project.
IGif is split into three phases. Phase 1 began in January 2019 and ended in
August of the same year; the main goal was to bring together PHGR lecturers
of mathematics and ETH computer scientists in order to design a workshop for
the students and their tutors. Firstly, the computer scientists would introduce the
mathematicians to the LP21 informatics competencies and what they imply in
detail. While this first phase was also launched for PHGR lecturers of NatureHuman-Society in parallel, we will only focus on mathematics in this article.
Phase 2 started in September 2019 and was carried out until roughly the end
of 2019. It constitutes the first iteration of the project, which we describe in Section 2.3.
In Phase 3, at least two more (and ideally all) departments will be involved in
the project – the target group being the students in vocational semester 2020 and
their tutors. The internal meetings and workshops between the corresponding PH
lecturers and ETH computer scientists have already been launched.

2.2

The Vocational Semester

A semester at PHGR takes twelve weeks. In the fifth semester – the vocational
semester always taking place in autumn – the students teach di↵erent subjects for
nine weeks at some primary school. We give a coarse overview of the vocational
semester; the actual schedule is a little more complex due to the three languages
spoken in canton Graubünden, a small group of students who only study Kindergarten education, and schools in di↵erent cantons (with di↵erent autumn school
breaks) being involved.
The students visit the schools in two blocks; the first visit takes four weeks,
the second one five weeks. The semester starts in August with a one-week-long
introduction to the vocational semester, followed by the first block of teaching
by the students supervised by their tutors. In October, there are two weeks for
the students to return to PHGR one of which is for reflection and the second one
serves as introduction to the second block of teaching.
We conducted workshops for all students before both the first and second
block, which we describe in the following subsection. Note that, while these
workshops were mandatory, the students did not necessarily have to implement
IGif in this first iteration.

2.3

A First Iteration – Mathematics and Informatics

It is not surprising that mathematics takes a leadership role in building up informatics competencies outside of informatics classes. Both disciplines belong to the
structural sciences [6] and often treat the same topics – with informatics making
algorithmic aspects of problem solving more central. This fact is also very visible
in context of LP21. More specifically, among the mathematics competencies we
find MA.1.A.2, stating [1] that the students (again KG–2)
“are able to arrange the numbers between 1 and 100 [. . . ],”
which is very closely related to the aforementioned informatics competency step
MI.2.1a.
The first part of phase 1 with PHGR’s mathematics department started with internal meetings of a team of six PH mathematics lecturers and two ETH computer
scientists. After a brief overview of the LP21 informatics competencies by the
computer scientists, the team started with the design of a workshop for vocational
semester 2019.
Before the first block of visiting the primary schools, the students were introduced to the project by the team and also given an overview of the LP21 informatics competencies. After that, the PHGR lecturers presented an example of how a

mathematics lesson could be “enriched” to also address one of these competencies. Specifically, the obligatory math teaching material contained an exercise that
asked
“How can one find out which one of two given numbers is larger?”
The proposed enrichment of this exercised stated
“Design a ‘machine’ that sorts two given natural numbers by their
size. The machine is only allowed to make yes / no decisions.”
After this example, which the students were also asked to solve themselves,
they continued to work in small groups and to find other enrichments to use within
their lessons. The groups consisted of roughly 10 to 15 students each and were
supervised by one team member. It should be noted that the mathematics schedule
is very strict in that the students have to cover certain topics in certain weeks.
Thus, a student who knew she or he would be teaching mathematics in, say, the
second week of the vocational semester, also knew exactly which parts of the
teaching material would be covered. For other subjects, there is more freedom
with respect to what should be taught in a given week.
In order to ensure that the e↵ects of the project are sustainable, it is crucial that
the students are motivated to actually implement into their lessons what they have
learnt. We have therefore conducted an informal survey to assess how sensitized
and motivated they (and their primary school students) were after the first block
of teaching. Note that not all students had taught mathematics at this point, and
among those who have, some may not have implemented the project due to lack
of time or interest. Among others, we asked the following questions, which were
answered anonymously. As some students already implemented the project and
some did not, they were divided into two groups and asked either Q3a or Q3b.
• Q1. Informatics concepts should be taught interdisciplinarily in primary
school.
• Q2. The project IGif can make a valuable contribution.
• Q3a. The primary school students were motivated.
• Q3b. The primary school students are expected to be motivated.
The answers were supplied on a Likert scale from 1 (“do not agree”) over 2
and 3 (“do rather not agree” and “do rather agree”) to 4 (“do strongly agree”). The
results are depicted in Figure 1. Note that not all students answered all questions.
The large majority agrees with statement Q1, i.e., with that interdisciplinary informatics lessons should indeed be part of primary school education, which indicates
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Figure 1: Answers of students in their vocational semester to questions Q1–3; answers
were given on a Likert scale from 1–4; here, black corresponds to 1 (“do not agree”), light
gray to 4 (“do strongly agree”).

a high intrinsic motivation: 26 students strongly agree and 51 rather agree, while
10 rather disagree and 4 disagree. Furthermore, as the answers to Q2 show, the
project was perceived positively by most of the students as a means to actually
help to facilitate the corresponding competencies: 20 strongly agree and 62 rather
agree, while 6 rather disagree and 1 student strongly disagrees.
The answers to Q3 hint at the students (a) having a positive impression of
the motivation their primary school students have after the lessons, and (b), if
they have not yet implemented the project, are optimistic in this regard. From
the students who already implemented the project, 16 strongly agree and 7 rather
agree that the primary school students were motivated while 2 rather disagree.
From those who have not implemented the project yet, 25 strongly agree that the
students are expected to be motivated, 29 rather agree, and 7 rather disagree.

2.4

A Second Iteration – Involving more Departments

With phase 3 of IGif being launched at the beginning of 2020, first meetings with
the departments Language, Design, Music-Rhythm-Theater, and Sports have been
conducted. The challenge for this phase is that bridges between, say, Design and
informatics are less obvious than those between Mathematics and informatics.
However, first meetings show that there are many fruitful directions to pursue.
As a result of the positive feedback from phase 2, we will not change much
of the underlying concept. However, there are some crucial di↵erences, mainly
that only Mathematics has a fixed schedule of which topics have to be taught in
certain weeks. This gives students more freedom in choosing a subject that they
want to relate to informatics, and also which topic they want to touch upon within
the subject. Moreover, we have arranged that implementing the project will be
mandatory for all students in vocational semester 2020.

3

Conclusion

We introduced an ongoing project that aims at fostering informatics competencies
in primary school as a collaboration of PHGR and ETH Zurich. The first iteration
had the goal to sensitize and motivate students in their vocational semester to
facilitate informatics competencies in mathematics lessons. An informal survey
we conducted suggests that the students see the importance and are motivated to
adapt their lessons accordingly. To investigate how sustainable the project is, we
will conduct another survey after the students will have worked as teachers in
primary school for a couple of years.
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disciplines, specifically with mathematics [2–4]. Moreover, basics of computer
science are getting more and more important for almost all sciences. Teaching informatics competencies interdisciplinarily is therefore very natural. IGif is specifically tailored towards teacher education under the Swiss curriculum LP21, but we
hope to spark similar initiatives in other countries.
The term “informatics competencies” is clearly defined by LP21 in this context, with the term competency referring to Weinert [5]. The three LP21 informatics competencies state that the students [1]
• MI.2.1. are able to represent, structure, and evaluate data from their surroundings;
• MI.2.2. are able to analyze simple problem statements, describe feasible
solution strategies, and implement them as computer programs; and
• MI.2.3. understand the design and functionality of information processing
systems and are able to apply processes of secure information processing.
These three main competencies are further subdivided into competency steps
suited for the corresponding level of the students. For instance, competency step
MI.2.1a (having target group KG–2) states that the students
“are able to organize things by self-chosen properties so that they
are able to find an object with a given property efficiently (e.g., color,
shape, or size).”
In the subsequent section, we describe IGif in more detail. In Section 2.1, we
sketch the outline and give a concrete roadmap; note that the project is ongoing
as this article is published. In Section 2.2, we describe the specifics of the vocational semester in which the project is implemented. Section 2.3 is devoted to our
experiences with a first iteration of the project where the focus laid on synergies
between mathematics and informatics. In Section 2.4, we state the future plans
for IGif. We conclude in Section 3.

2

The Project IGif

The project was launched in January 2019 for a time span of two years as a collaboration of PHGR and ETH Zurich. One half of the costs is state-financed, and
this half is matched by the two universities. PHGR and ETH Zurich have a history

of collaboration with respect to informatics education by having launched similar projects and further education workshops in the past. Future projects such as
joint-degree study programs are planned.
A very central point of the project is the diversity of the people that are involved – first of all, the complementing expertises of a pedagogical university and
a technical university are combined, and second, di↵erent departments of PHGR
are involved.

2.1

Outline and Roadmap

PHGR educates future primary school teachers. The corresponding bachelor degree course takes six semesters of which the fifth takes a special role – this is
the vocational semester, where the students visit a school and teach in front of a
class. In this process, they are supervised by a tutor, usually a highly experienced
teacher.
IGif aims at giving these students in the fifth semester and their tutors an
overview of the LP21 informatics competencies, and supply the former with ideas
of how one or more of these competencies can be addressed as part of their vocational semester – and of course within their lessons as primary school teachers
once they finished training.
PHGR contains six departments, namely Language, Design, Music-RhythmTheater, Mathematics, Nature-Human-Society, and Sports, responsible for teacher
education within the respective subjects. The students teach a subset of these subjects in their fifth semester; ideally, they see potential to make connections to the
LP21 informatics competencies for each single one of them. This constitutes the
ultimate goal of the project.
IGif is split into three phases. Phase 1 began in January 2019 and ended in
August of the same year; the main goal was to bring together PHGR lecturers
of mathematics and ETH computer scientists in order to design a workshop for
the students and their tutors. Firstly, the computer scientists would introduce the
mathematicians to the LP21 informatics competencies and what they imply in
detail. While this first phase was also launched for PHGR lecturers of NatureHuman-Society in parallel, we will only focus on mathematics in this article.
Phase 2 started in September 2019 and was carried out until roughly the end
of 2019. It constitutes the first iteration of the project, which we describe in Section 2.3.
In Phase 3, at least two more (and ideally all) departments will be involved in
the project – the target group being the students in vocational semester 2020 and
their tutors. The internal meetings and workshops between the corresponding PH
lecturers and ETH computer scientists have already been launched.

2.2

The Vocational Semester

A semester at PHGR takes twelve weeks. In the fifth semester – the vocational
semester always taking place in autumn – the students teach di↵erent subjects for
nine weeks at some primary school. We give a coarse overview of the vocational
semester; the actual schedule is a little more complex due to the three languages
spoken in canton Graubünden, a small group of students who only study Kindergarten education, and schools in di↵erent cantons (with di↵erent autumn school
breaks) being involved.
The students visit the schools in two blocks; the first visit takes four weeks,
the second one five weeks. The semester starts in August with a one-week-long
introduction to the vocational semester, followed by the first block of teaching
by the students supervised by their tutors. In October, there are two weeks for
the students to return to PHGR one of which is for reflection and the second one
serves as introduction to the second block of teaching.
We conducted workshops for all students before both the first and second
block, which we describe in the following subsection. Note that, while these
workshops were mandatory, the students did not necessarily have to implement
IGif in this first iteration.

2.3

A First Iteration – Mathematics and Informatics

It is not surprising that mathematics takes a leadership role in building up informatics competencies outside of informatics classes. Both disciplines belong to the
structural sciences [6] and often treat the same topics – with informatics making
algorithmic aspects of problem solving more central. This fact is also very visible
in context of LP21. More specifically, among the mathematics competencies we
find MA.1.A.2, stating [1] that the students (again KG–2)
“are able to arrange the numbers between 1 and 100 [. . . ],”
which is very closely related to the aforementioned informatics competency step
MI.2.1a.
The first part of phase 1 with PHGR’s mathematics department started with internal meetings of a team of six PH mathematics lecturers and two ETH computer
scientists. After a brief overview of the LP21 informatics competencies by the
computer scientists, the team started with the design of a workshop for vocational
semester 2019.
Before the first block of visiting the primary schools, the students were introduced to the project by the team and also given an overview of the LP21 informatics competencies. After that, the PHGR lecturers presented an example of how a

mathematics lesson could be “enriched” to also address one of these competencies. Specifically, the obligatory math teaching material contained an exercise that
asked
“How can one find out which one of two given numbers is larger?”
The proposed enrichment of this exercised stated
“Design a ‘machine’ that sorts two given natural numbers by their
size. The machine is only allowed to make yes / no decisions.”
After this example, which the students were also asked to solve themselves,
they continued to work in small groups and to find other enrichments to use within
their lessons. The groups consisted of roughly 10 to 15 students each and were
supervised by one team member. It should be noted that the mathematics schedule
is very strict in that the students have to cover certain topics in certain weeks.
Thus, a student who knew she or he would be teaching mathematics in, say, the
second week of the vocational semester, also knew exactly which parts of the
teaching material would be covered. For other subjects, there is more freedom
with respect to what should be taught in a given week.
In order to ensure that the e↵ects of the project are sustainable, it is crucial that
the students are motivated to actually implement into their lessons what they have
learnt. We have therefore conducted an informal survey to assess how sensitized
and motivated they (and their primary school students) were after the first block
of teaching. Note that not all students had taught mathematics at this point, and
among those who have, some may not have implemented the project due to lack
of time or interest. Among others, we asked the following questions, which were
answered anonymously. As some students already implemented the project and
some did not, they were divided into two groups and asked either Q3a or Q3b.
• Q1. Informatics concepts should be taught interdisciplinarily in primary
school.
• Q2. The project IGif can make a valuable contribution.
• Q3a. The primary school students were motivated.
• Q3b. The primary school students are expected to be motivated.
The answers were supplied on a Likert scale from 1 (“do not agree”) over 2
and 3 (“do rather not agree” and “do rather agree”) to 4 (“do strongly agree”). The
results are depicted in Figure 1. Note that not all students answered all questions.
The large majority agrees with statement Q1, i.e., with that interdisciplinary informatics lessons should indeed be part of primary school education, which indicates

Q1
Q2
Q3a
Q3b
0

10

20

30

40

50

60

70

80

90

Figure 1: Answers of students in their vocational semester to questions Q1–3; answers
were given on a Likert scale from 1–4; here, black corresponds to 1 (“do not agree”), light
gray to 4 (“do strongly agree”).

a high intrinsic motivation: 26 students strongly agree and 51 rather agree, while
10 rather disagree and 4 disagree. Furthermore, as the answers to Q2 show, the
project was perceived positively by most of the students as a means to actually
help to facilitate the corresponding competencies: 20 strongly agree and 62 rather
agree, while 6 rather disagree and 1 student strongly disagrees.
The answers to Q3 hint at the students (a) having a positive impression of
the motivation their primary school students have after the lessons, and (b), if
they have not yet implemented the project, are optimistic in this regard. From
the students who already implemented the project, 16 strongly agree and 7 rather
agree that the primary school students were motivated while 2 rather disagree.
From those who have not implemented the project yet, 25 strongly agree that the
students are expected to be motivated, 29 rather agree, and 7 rather disagree.

2.4

A Second Iteration – Involving more Departments

With phase 3 of IGif being launched at the beginning of 2020, first meetings with
the departments Language, Design, Music-Rhythm-Theater, and Sports have been
conducted. The challenge for this phase is that bridges between, say, Design and
informatics are less obvious than those between Mathematics and informatics.
However, first meetings show that there are many fruitful directions to pursue.
As a result of the positive feedback from phase 2, we will not change much
of the underlying concept. However, there are some crucial di↵erences, mainly
that only Mathematics has a fixed schedule of which topics have to be taught in
certain weeks. This gives students more freedom in choosing a subject that they
want to relate to informatics, and also which topic they want to touch upon within
the subject. Moreover, we have arranged that implementing the project will be
mandatory for all students in vocational semester 2020.

3

Conclusion

We introduced an ongoing project that aims at fostering informatics competencies
in primary school as a collaboration of PHGR and ETH Zurich. The first iteration
had the goal to sensitize and motivate students in their vocational semester to
facilitate informatics competencies in mathematics lessons. An informal survey
we conducted suggests that the students see the importance and are motivated to
adapt their lessons accordingly. To investigate how sustainable the project is, we
will conduct another survey after the students will have worked as teachers in
primary school for a couple of years.
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