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ABSTRACT
In many countries, the demands are getting louder to bring com-
puter science education into primary schools. Curricula and teach-
ing approaches are evolving and educators have to work their way
into new topics. Many primary school teachers feel overstrained by
these developments and the need for appropriate teacher training
is rising. In this paper, we describe the structure and contents of an
in-service professional development workshop for primary school
teachers without any previous knowledge in computer science (CS)
as well as first results of the pilot run with 40 teachers. Throughout
the three-day workshop, the teachers get the chance to follow the
students’ path of learning by taking a primary school programming
course themselves, engage intensively with the underlying algo-
rithmic concepts through in-depth exercises and work on their own
ideas for implementations in the classroom.
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1 INTRODUCTION
The discussion about the necessity of Computer Science (CS) and
especially programming in childhood education is growing steadily
[27][35]. While several countries have already introduced CS in
their primary school curricula (e.g. the UK [6] and Australia [14]),
Germany has not yet developed mandatory guidelines for how to
deal with the new topics. Anyhow, various efforts are being made
to give all children the opportunity to develop fundamental skills in
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programming and computational thinking and to investigate which
teaching methods and contents could be appropriate for students
in German primary schools [4][12][15][16]. This also raises the
question of how we could prepare and train primary school teach-
ers to cope with these new challenges. For most primary school
teachers, CS is a new subject area which has been a part of neither
their own school education nor their formal teacher education [13].
Since both content and pedagogical knowledge are necessary to
teach the subject effectively, primary school teachers are facing a
double challenge [9][23].

In this paper, we first give a short overview of a recently launched
project that tries to counteract these difficulties. 40 teachers of 20
different primary schools in Bavaria (Germany) get the chance to
participate in an in-service professional development workshop
on algorithms and programming. They will then be accompanied
and supervised for one school year in the implementation of the
new topics. Afterwards, we will describe the theoretical framework,
structure and contents of the three-day teacher training workshop
in more detail. We also give an insight into the evaluation of the
workshop and the experiences we have gained during the first two
implementations of the training. Finally, we give an outlook on the
further steps that will follow in the project.

2 CONTEXT
The teacher training is part of a project that is carried out over a
period of two years and funded by the Bavarian Ministry of Edu-
cation. The project investigates how primary school teachers can
be prepared and supported to deal with the topics algorithms and
programming in Bavarian primary schools. In addition, both the
teachers’ lessons and the students’ learning progress are scientifi-
cally analysed and evaluated. To this end, various methods such as
questionnaires, interviews and teaching diaries are used.

Based on an already evaluated programming course for primary
school students, a total of 40 teachers receive a three-day train-
ing in which they get the opportunity to expand their computing
knowledge. After the training, they are provided with additional
online material as well as the possibility to seek further support if
required. In the following months, the teachers are to gain initial
experiences with the new topics in their own lessons. In this phase
they are in close contact with the project team and can request
support if they feel insecure. After this period, further workshops
will take place in which the participating teachers can exchange
their experiences and identify possible further training needs.

3 THEORETICAL FRAMEWORK
Following the methodology of design-based research [34], we took
into account theoretical principles and prior research from various
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disciplines, including not only computer science education but also
developmental psychology, cognitive science and teacher education.
This resulted in the following basic principles to which we aligned
the design of the teacher training workshop (cf. [18]).

The workshop should

(1) enable active participation right from the start.
(2) facilitate the development of content knowledge as well as

pedagogical content knowledge.
(3) allow teachers to understand the students’ gain of insights.
(4) set focus on the fundamental algorithmic structures and

principles of programming.
(5) show the possibility of cross-curricular teaching.
(6) be the first step in a continuing relationship between the

primary school teachers and the university.

The workshop enables active participation right from the
start. According to the constructivist theory that builds upon the
work of Dewey [11], Piaget [25] and Bruner [7], learning is seen as
an active, subjective process in which knowledge and meaning are
constructed in interaction with the new topics. This approach can
also be pursued in the context of computer science education and
emphasizes the active participation of learners in problem-solving
and critical thinking [3]. We do not only follow this approach
with regard to the students, we also wanted to give the teachers
the opportunity to actively deal with the topics in a variety of
tasks. The theoretical input required for a deeper understanding
should always be given in connection with these concrete tasks
and applications.

Theworkshop facilitates the development of content knowl-
edge as well as pedagogical content knowledge. In order to
deal with algorithms and programming in class, teachers need not
only a substantial knowledge of the subject but also a solid back-
ground in how to teach these topics to students [19][32]. Although
we know very little about what this pedagogical content knowledge
looks like in computer science and how teachers develop these skills
[37], we can provide teachers with knowledge about the needs of
students [19] and involve them in a continuous dialogue about the
implementation of the new topics in their teaching [26]. In addi-
tion, the teachers should get to know various didactical approaches,
activities and types of tasks during the workshop sessions [18].

The workshop allows teachers to understand the students’
gain of insights. In the natural sciences, it is common for teachers
to be given the opportunity to experience the students’ process of
conceptual change in order to assess its significance and to evoke
it in the classroom [36]. We applied this concept in our workshop
by giving the teachers the opportunity to take on the role of the
students and try out various tasks andmethods for themselves. They
should get the opportunity to follow the students’ learning process,
sudden insights and also get an impression of the effectiveness of
the different methods.

The workshop sets focus on the fundamental algorithmic
structures andprinciples of programming.Teaching algorithms

and programming is much more than teaching a particular pro-
gramming language. Knowledge of a programming language is a
necessary but far from sufficient prerequisite for learning program-
ming [8]. Especially in primary school, it is important to be aware
of the big ideas that we want the students to take with them from
the lessons [1]. According to the Böhm-Jacopini theorem [5], teach-
ing programming should cover three basic constructs: sequence,
selection and iteration. The workshop should emphasize these al-
gorithmic structures as well as generally applicable computational
thinking concepts, e.g. algorithmic thinking, abstraction, decompo-
sition [2].

Theworkshop shows the possibility of cross-curricular teach-
ing. Especially if CS is not yet part of the mandatory primary school
curriculum, most teachers are constantly considering how the new
topics can be included in their current curriculum [28]. Therefore,
teachers should be given enough time to link the new content to
the existing curriculum and to identify places where they can inte-
grate algorithmic thinking and programming. One benefit of using
cross-curricular teaching is that the teachers are working with par-
tially familiar ideas, which could give them more security in the
classroom. Besides, the new CS topics can have a positive effect on
the existing curriculum instead of just reducing the time available
[2].

The workshop is the first step in a continuing relationship
between the primary school teachers and the university. Re-
search shows that coaching and ongoing support can facilitate the
effective implementation of new curricula, tools and approaches by
educators [24][28][29][31]. Moreover, it is more likely that teachers
who receive coaching will apply the desired teaching practices and
apply them more appropriately than those who receive more tradi-
tional teacher trainings [10]. In addition, a sustainable continuing
professional development that offers a variety of opportunities to
address the new issues will change teachers’ teaching practices
rather than episodic and fragmented teacher trainings [20].

4 WORKSHOP STRUCTURE
The workshop takes place right at the beginning of the project and
provides a three-day introduction to algorithmics and programming.
Since it is held in a center for in-service professional development,
the participants can stay overnight and are provided with meals.

The topics of the three days are:

Session 1: Introduction to algorithmics and programming
in the primary school context

Session 2: Engaging with basic algorithmic structures and
programming in Scratch

Session 3: Own implementations at the teachers’ schools

4.1 Session 1 (4 hours)
As an introduction to the workshop, the teachers get an insight
into an already existing programming course for primary schools,
which can be completed within three school days [16].

The course includes unplugged activities as well as working with
the visual programming language Scratch [22]. At the end of the
course, the students should understand that a device is following an
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Figure 1: Pictorial representation of making a sandwich

algorithm that is implemented by programming the device. They
should also get familiar with the process of testing and debugging a
program and get to know the basic algorithmic structures sequence,
selection and iteration. At the same time, the course promotes the
computational thinking skills of algorithmic thinking (e.g. follow
algorithms, create algorithms to solve problems), decomposition
(breaking down problems into smaller steps), logical reasoning and
evaluation (e.g. identifying possible solutions and choosing the best
one).

To experience the students’ process of conceptual change, the
teachers themselves work on selected tasks from the primary school
course. In addition, actual results of students, as well as video se-
quences from real teaching situations, are examined. All exercises
are discussed and possible difficulties are pointed out.

As an introduction to giving precise and clear instructions, the
teachers program a human robot. The robot, which has to walk
a certain route in the classroom, only moves if given the right
orders. To further practice giving commands, they have to convert
a pictorial instruction of a process (see Fig.1: process of making a
sandwich) into unambiguous speech-based commands. Afterwards,
the teachers work in groups to solve more complex tasks in a grid
that is built up from carpet tiles (see Fig. 2). They create programs
using haptic Scratch blocks (see Fig. 3) and execute it in the grid.
This way, they can physically experience what later happens in a
programming environment. We designed the tasks that they can
be solved by using selections and iterations, but also by sequences.

After these unplugged exercises, the teachers are introduced to
the programming environment Scratch. They work on a learning
circle in which the core operations of Scratch are gradually intro-
duced and that everyone can handle at their own pace. Starting
from questions regarding the software handling, the stations lead
from simple sequences to the implementation of selections and it-
erations. After the learning circle, we presented and discussed a
variety of more open tasks that can be worked within Scratch.

4.2 Session 2 (7 hours)
The second day starts with a short recapitulation of the previous
session and a short introduction about the importance of a deep
understanding of the underlying algorithmic structures. It is also

Figure 2: Grid activity

Figure 3: Haptic representations of Scratch blocks

stressed that the teachers should practice the correct terminology
of the discipline right from the beginning.

After discussing a definition of the term algorithm using mul-
tiples examples from the teachers’ everyday life, the teachers are
presented an overview of the algorithmic structures, that will be
worked on during the session. It is highlighted that they have al-
ready encountered all structures in session 1.

During the session, each programming structure is briefly de-
scribed in pseudocode and Scratch blocks and deepened with in-
troductory and advanced tasks using Scratch or the unplugged
approach (see Fig. 4). In order to enable active learning, the the-
oretical input is kept as short as possible and the focus is on the
independent solution of tasks and problems. To keep everybody
engaged, different exercises of increasing complexity are offered
for each topic. It is also possible for the teachers to work in pairs.
During the exercise phases, the course instructors are available to
support the participants and answer possible questions.

After each exercise phase, encountered problems, as well as
commonly known problems, are discussed in detail in the plenum.
Advantages and disadvantages of different solutions are discussed



Off to new shores: Preparing Primary School Teachers
for Teaching Algorithmics and Programming WiPSCE ’18, October 4–6, 2018, Potsdam, Germany

Figure 4: Task on nested repetitions

Figure 5: Example for a task in which code has to be inter-
preted (Why is the dog constantly turning in case 2?)

on the basis of the actual results of the teachers. In addition, they
have to read and interpret code examples for each algorithmic struc-
ture (see Fig. 5). Furthermore, they get the opportunity to retrace
different program flows instruction by instruction on presentation
slides. This is an opportunity where common misconceptions about
the algorithmic structures can be discussed.

This session is quite challenging and strenuous, as the work on
the exercises requires a lot of concentration from the participants
throughout the day. Therefore, sufficient breaks are scheduled.

4.3 Session 3 (3 hours)
In the previous sessions, algorithmics and programming have been
introduced to the participants. Session 3 sets its focus on how the
teachers could imagine implementing these concepts in their own
teaching and the primary school curriculum.

In this context, it is pointed out that there are different possi-
bilities to approach programming with the students and that they
can set individual priorities (e.g. storytelling, focus on the planning
process, animations).

In order to promote interaction and discussion, various poster
walls are prepared on which ideas, inspirations and thoughts on

Table 1: Age Distribution of participating Teachers

participants May workshop June workshop total

under 30 years 4 4 8
30-40 years 5 11 16
41-50 years 2 6 8
older than 50 years 5 2 7

16 23 39

different topics are captured by the participants (e.g. ideas for short-
term implementations, ideas for medium to longer-term implemen-
tation, challenges). The collected results are then discussed in the
plenum.

At the end of the session there is explicit time scheduled to
discuss the further course of the project. It is also emphasized that
the teachers can always contact us with any questions and possible
problems. Support visits to the schools are also part of the project
and can be requested by the teachers.

4.4 Materials

The following materials are available for the teachers:

Handouts: The participants receive a handout in which the ba-
sic algorithmic structures are described in detail. To further
deepen the workshop contents, they receive the chapter of a
student textbook on algorithms. In addition, a detailed concept
of the primary school programming course, which they get to
know in the first session, is provided (with didactic hints and a
description of frequently made mistakes of the students).

Exercises: All tasks from the first and second session can be down-
loaded (both the worksheets and the Scratch files with and with-
out solutions).

Images: The Teachers receive image files from various scratch
blocks so that they can create their own teaching materials.

Teaching materials: All teachers receive a series of haptic Scratch
blocks that they can use for unplugged exercises in their class-
room.

5 PRELIMINARY RESULTS
We have held two teacher training workshops so far, one inMay and
one in June 2018. During both workshops, two course instructors
who work in computer science education were present at all times.
One of them has already gained a lot of experience in teaching
algorithmics and programming in primary schools.

The May workshop was attended by 16 teachers, the June work-
shop by 23 teachers. In both courses one teacher was male, all
others were female. The age of the participants ranged from under
30 years to over 50 years, while the group of 30-40 year-olds made
up the largest part (see table 1). Across both groups, 24 teachers
had no previous experience in Computer Science at all, 13 teachers
had CS for 1-3 years as an elective or compulsory subject in school.
12 teachers stated, that they take part in the project on the initiative
of their school principal and 15 stated they take part on their own
initiative. Another 15 participants stated, that the initiative was
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Figure 6: Please indicate to what extent the following statements apply.

evenly distributed between their own and the school principal’s
initiative.

The general response to the three-day teacher training was very
positive both in the direct discussion with the teachers and the
anonymous evaluation questionnaire from which we present an
excerpt in the following. 33 teachers out of 38 stated, that they were
satisfied with the workshop overall, 5 stated they were rather satis-
fied. This reflects the results of [17][21][33], who found out that that
teacher trainings are met with satisfaction and acceptance when
they are "close to the job" and relate to concrete teaching, when
they offer opportunities for exchange with participating colleagues
and when they take place in a pleasant atmosphere. All these char-
acteristics were fulfilled by the structure of the workshops and the
general conditions at the training center.

When asked if their expectations regarding the benefits for the
implementation at the school were fulfilled, 17 stated entirely, 18
stated to a large extent and 3 stated in parts. In the questionnaire, the
teachers also answered various questions relating to the self-efficacy
in relation to the implementation of the workshop topics (see Fig. 6)
that were constructed according to Schwarzer and Schmitz’ teacher
self-efficacy scale [30]. Here one can see that teachers are more
confident about unplugged tasks than about programming on the
computer (statements 1 and 5). The results also show that the teach-
ers don’t feel totally comfortable answering the students’ questions
(statement 4), teaching the new topics to problematic students
(statement 7) and helping the students on individual programming
problems (statement 8).

In the conversations with the teachers, it became clear, that they
feel confident enough to make first attempts at teaching algorith-
mics and programming. Most of the teachers stated, that they liked
the idea of approaching the topics at first in unplugged tasks and
afterwards in Scratch. Concerns were expressed regarding the tech-
nical equipment of the schools and possible computer problems. It
was considered very positive that the teachers were able to deep-
dive into the topics for three days and could leave professional and
family duties aside. The intensive time together also enabled the
participants to get to know each other and the course instructors
quite well.

Many teachers gave us the feedback that in the beginning, they
had no idea what programming is and how to implement algo-
rithmic thinking and programming in the primary school context.
We had the impression that it was very beneficial for the teachers
to come into contact with student materials on the very first day.
In this way, fears could be reduced and the teachers realized that
some topics are already being addressed in primary school anyway
(e.g. giving clear instructions). The teachers were also very positive
about the second session. Even though it was quite strenuous at
times, time flew by and it was considered absolutely necessary to
engage intensively with Scratch and the underlying algorithmic
structures. It was assessed as positive that the tasks went beyond
the competence level of the students.

6 CONCLUSION AND FUTUREWORK
Based on our experiences during the workshops and the teachers’
initial feedback, we see no reason to change the structure and
content of the workshops. However, we will provide the teachers
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with further programming tasks so that they becomemore secure in
programming and will feel more confident in dealing with students’
problems.

After the teachers’ first attempts at teaching algorithmics and
programming, we can make further conclusions as to whether the
three-day workshop was sufficient and whether the motivation to
implement the contents can also be maintained in everyday school
life. In the course of the project we will use further questionnaires
on the teachers’ perceived self-efficacy and we will have the op-
portunity to interview the teachers and discuss the experiences
they made. We also accompany individual teachers during their
computer science lessons. We intend to combine these results in
order to make statements on the effectiveness of the professional
development concept in the future.
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