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Abstract. Computational thinking (CT) skills are argued to be vital
to preparing future generations of learners to be productive citizens in
our increasingly technologically sophisticated societies. However, teacher
education lags behind policy in many countries, and there is a palpa-
ble need for enhanced support for teacher education in CT. This paper
addresses this gap, establishing an intellectual framework with which
to explore the manner in which CT can be inculcated in compulsory
school students. Drawing on a deeper awareness of the broader societal
and cultural context of the activities we introduce a new approach to
designing teacher education. The novelty of our approach is that train-
ing computation thinking is framed as an integrative element rather than
as a separate study subject. This approach provides better articulation
between Engineering and Science oriented subjects and Arts, providing
supporting methods to develop the professional skills of student-teachers.

Keywords: Computational thinking · Integration · Culture ·
STEAM · Compulsory schooling · Teacher training

1 Introduction

In order to educate future generations, new generations of teachers require the
requisite skills and capability to scaffold learning in a societal context where
technology, and in particular automation and computation threaten to eliminate
many skilled professions [20]. By implication the tertiary education sector must
respond in terms of teacher education, and their structure, conduct and outcomes
to equip pupils with the new skill set required.
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Responding to these challenges, the EU has announced new strategies and
requirements for European Higher Education (HE). One of the declared priorities
is “tackling future skills mismatches and promoting excellence in skills develop-
ment” [1]. The motivation for this statement is clear, first, there is a decrease
in interest and many “jobs are closely related to those areas that prepare stu-
dents for jobs where shortages exist or are emerging” [2]. The areas of science,
technology, engineering, (arts) and maths (STE(A)M), medical professions and
teaching are focus areas.

The European Centre for the Development of Vocational Training (CEDE-
FOP) avers that the most highly demanded professionals are: “ICT profession-
als; medical doctors; science, technology, engineering and mathematics (STEM)
professionals; nurses and midwives; and teachers” [1,2]. They also conclude that
“all students in advanced learning, irrespective of discipline, need to acquire
advanced transverse skills and key competences that will allow them to thrive”
[1]. These skills, in addition to high- level digital competencies [1,8,10,21] include
“numeracy, autonomy, critical thinking and a capacity for problem-solving” [1].

Computational models are central to a large fraction of modern scientific
research, and therefore are also central to research-driven education. Computa-
tional models arise in collaboration with other disciplines outside computing. In
these areas, in addition to the existing physical environment and specific content
laboratories, computing can provide an opportunity for digital experiments and
simulations. Then, in order to develop, implement, and study practical solutions
based on computational models that include both technical and social aspects,
students should have additional skills that allow them to develop or implement
solutions in a highly digitised educational environment, such as decomposition
and generalisation, and skills to design, create relevant algorithms, automate
and calculate. Many argue that computational skills, in particular Computa-
tional Thinking (CT), are central to every discipline and profession.

Despite the importance attributed to STEM subjects by strategists and
government documents [2], the need to motivate more people to study sub-
jects related to STEM remains, including the problem of “tackling the under-
representation of women, minorities and other under-represented groups in sci-
entific and technical subjects in HE and subsequently in related professions” [1].

The role of school teachers is crucial to addressing this problem in a sustain-
able manner. School teachers are person who can motivate their pupils to take
an interest in all subjects, including maths and sciences, and play an active role
in helping to shape their future choices. During his or her teaching activities,
the school teacher is a crucial agent, utilising knowledge, skills and competen-
cies to enhance the intellectual development of students. Consequently, the role
and responsibility of HE (especially in regard to the education of future teach-
ers) is to ensure that study programs are provided which develop the required
pedagogical models and competence.

This paper describes our recommendation for developing and contextualising
future STEM education in the context of the European discourse on higher edu-
cation and pre-service teacher education. Aligned with our previous discussion
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we suggest special attention be given to Computational Thinking and to the
new demands placed on teachers. Our starting point is therefore to propose a
framework of curriculum improvements with respect to computational skills in
STEM teacher education in a manner that allows them to be contextualised into
the complex European curriculum landscape.

Our target group for this project are teachers for: preschool institutions
(kindergartens); primary school; middle and high school STEM and computer
science subjects; foreign languages, arts and humanities. The concrete objectives
are: (1) to improve the CT skills of prospective teachers, and (2) to foster the
teachers’ development of pedagogical content knowledge (PCK) related to the
teaching and training of various aspects of Computational Thinking (CT). We
recognise that it is impossible to provide a generic solution due to the different
curricula for teacher education in different countries. However, the goal of the
exercise is not to rewrite curricula, or propose new curricula, instead we focus on
providing modules that provide practical assistance to teachers and teacher edu-
cators. The role of these resources, and how they influence curricula in countries
beyond the scope of our initiative (our scope is primarily the Nordic and Baltic
countries). We offer the model we have developed as a source of inspiration for
others, and as an example of one approach to tackling this educational challenge.

2 Computational Thinking as an Integrating Skill

2.1 Research Perspective

Computational thinking and digital competence are closely related areas. The
DigComp framework of the European Union [21] provides guidance in the process
of identifying the necessary skills and competencies estimated to be required
of future citizens. Jeanette Wing [22,23] widely popularised and promoted the
central role of computational approaches. In this regard, a key aspect is the
ability to understand the opportunities and limitations which the high speed
computational capacity modern computers bring to the practice of all disciplines.

Here it is crucial to recognise that ideas of computation, and computability
are not what is new. Computation and computing have been practiced since
early times [18], and the ability to compute and automate has lead to large
scale social re-organisation, for instance the impact of automation as a primary
driver of the industrial revolution [7]. What is new is the rapidity with which
calculations can be performed. The speed of calculation possible with modern
computing machinery is unprecedented, and it is the application of this power,
with the associated implications for what that makes possible that is crucial to
the STEAM argument. But indeed, what is even more important, is what cannot
be done despite this capability for rapid computation.

There are many ways to conceptualize Computational Thinking. Common
aspects include Decomposition, abstraction, algorithms and automation, mod-
elling and simulation, data collection, data representation, data analysis, and
parallelisation. This skill set provides capabilities for designing content and con-
text specific models and simulations with (or without) computers.
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2.2 Scientific Literacy

The goal of science education is scientific literacy, therefore to teach scientific
inquiry is one of the most important aspects for STEAM education. This includes
(besides content specific skills) experimentation skills and argumentation skills.

Scientific thinking is understood as the ability to complete scientific inquiry
within a specific scientific content. Knowledge of the basics and details of the
content specific topics is important. In addition, students should acquire skills
for experimentation and data processing, as well as logical thinking and general-
isation skills. Creative thinking, as already mentioned, includes skills that allow
students to incorporate aspects related to the environment and context into the
model that they create and test during their project or problem based activities.

We treat Computational Thinking (CT) as an integrative skill within our
holistic STEM model. This position is arrived at based on the following argu-
ments. First, we wish to emphasise the primary role of computational models in
modern scientific research and, therefore, in research-oriented education. Such
computational models, in addition to the existing physical environment and
specific content laboratories, provide an opportunity for digital experiments and
simulations.

Subsequently it will be necessary to develop, implement, and study a series
of practical modules imbued with the core competences in aspects related to
the acquisition and development of CT skills. The process of such integration
with the existing curricula will provide solutions based on computational models
that include both technical and social aspects, [such that] students should have
additional skills that allow them to develop or implement solutions in a highly
digitised educational environment, such as decomposing and generalising skills
and skills to automate, algorithmize, calculate, and design.

2.3 STEAM Integration

As for science, engineering and technology, focusing exclusively on specific tech-
nical knowledge in isolation no longer provides learning advantages. Contextu-
alisation in terms of other disciplines emerges as important, and social contex-
tualisation as a major factor in achieving broader representation of minorities.
Revealing a “true” pragmatist approach, focused on the needs and expectations
of the community, modelling of complex social aspects is a must for modern
research and industry. Such requirements have a direct impact on modern STEM
education.

There is a need for context-oriented STEM content and teaching resources,
with a clear focus on the trans-disciplinary nature of emerging high level chal-
lenges. Indeed there are compelling calls to expand STEM to include aspects
of design and the arts. In Sweden the national curriculum calls for CT con-
tent to be integrated into existing school subjects such as “art and craft” and
Swedish language, as well as the more traditional targets, mathematics, physics
and technology. To address this situation a point of departure in design, and a
more holistic epistemology of STEM teaching embracing the Arts (STE(A)M)
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is proposed [19]. In the outline we present below, this integration is the central
guiding principle.

To contextualise our effort further we consider the two main trends of devel-
opment of post-industrial society related to education and research. Foremost
digitisation, followed closely by the socialisation and contextualisation of knowl-
edge and experience. There is a movement back to our “socio-cultural origin” -
signified by a shift in popular perspective from industrial society with its clear
focus on people as potential employees, to a post-industrial understanding of the
complex interplay between the nature of people and society. These two directions
are intertwined fostering nowadays post-industrial society to become even more
complex to act, understand and model. Individuals are immersed in a kind of
broth with human, inhuman agents and organisations. In the course of its daily
activities, the industry must take into account the influence of the complexity
of these social and contextual factors, and in practice this means even higher
demands on employees related to skills and level of education [14].

Another argument for the integration is the failure of “automatic transfer”
in the original Papert approach. One of the key ideas in Papert’s (1980) classical
work on the programming language LOGO [13] is that by learning to program,
children would develop computational problem solving skills that they could
apply to other contexts. Results of empirical studies on this expected trans-
fer were mixed, however. Research suggests that sophisticated applications of
computational thinking skills to other subject matter does not come by itself,
but requires explicit instruction [16]. This is also confirmed by the work of
Palumbo [12] which explores the evidence surrounding how problem solving can
be supported by programming activities.

3 An Integrated CT Curriculum for Teacher Education

3.1 Content

There is a need to develop innovative educational approaches to practical
STEAM education that are based on Computational Thinking (CT) as related
to trans-disciplinary and holistic STEAM perspectives. We promote a prag-
matic approach to CT as to a set of tools, techniques and approaches which
enable a seamless transition from the early-aged child’s unplug activities to a
comprehensive modelling and computer simulation activities of K-12 and early
years’ university students. We put our research and implementation emphasis on
educational programs and curriculum enhancement for education of prospective
teachers focusing on CT and STEAM related aspects.

We propose an approach that promotes developing of skills related to the
contextual environment, such as communication, research ethics, social mod-
elling, politics and society, and include the development of emotional and cre-
ative thinking in addition to the skills of scientific thinking, mainly as related to
project-based and enquiry driven education.

We propose a multidimensional model of curriculum development: the lon-
gitudinal dimension (personal childhood intellectual development), the skills
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dimension (scientific thinking skills, CT skills, and contextual thinking skills),
the contextual dimension (community, society, communication, management,
entrepreneurship, culture, diversity, ethics).

Within this three dimensional curriculum CT is positioned as an integrative
skill set that links scientific and content- specific knowledge with contextual
thinking skills, adding context-specific modelling skills (developing of models
and simulations, including modelling of cyber-social systems).

The curricula philosophy emerges from the post scientific tendency to merge
scientific and technical knowledge with social and humanitarian knowledge. Here
we perceive contextual knowledge as the most valued, and adopt a pragmatist
approach to education in terms of sharing community values and solving actual
present-day problems. The adapted TPACK framework for CT and STEAM is
applied to develop specific curriculum modules in the latter part of the paper.

Students are given the opportunity to evaluate their designs from an eco-
nomic, environmental, political, and scientific point of view. In fact, the student
teacher should also be able to develop and test the contextual model using
assessment, evaluation, and communication.

3.2 Pedagogical Approaches

The evolution of school STEM pedagogy expands our scope beyond the tradi-
tional discipline specific STEM to tackle the complex challenge of embedding CT
and other scientific thinking habits and practices into language and arts and craft
subjects. Necessarily this integrated STEM must be seen as STE(A)M – that
is include (integrate) arts and humanities subjects with traditional STEM. Our
STEAM integration process is based on the development of models and/or sim-
ulations in curricula support modules (these could be computer/computational
models or other forms of models and simulations) that will provide an appropri-
ate grounding for students’ cognitive processes. In doing so we place an emphasis
on informatics (computer science) and/or CT.

Project based learning cycle (PBL) as related to STEAM includes practices
and activities to (Young, 2018): (1) identify the problem; (2) identify criteria
and constraints; (3) brainstorm possible solutions; (4) generate ideas; (5) explore
possibilities; (6) select an approach; (7) build a model or prototype (computer
model and/or simulation); (8) refine the design. Our approach leverages these
stages as a way to scaffold module design.

What are the main aspects of school STEAM education? (1) We must pro-
vide students with the instruments to creatively solve the problems they face in
their daily lives; (2) In the PBL cycle, students should be motivated to design
the investigation to find the best appropriate solution from issues raised from
the community; (3) the main principles for the curriculum: the situated problem,
creative design, emotional grounding; (4) an integrative approach and focus on
competences – scientific thinking, computational thinking, and contextual think-
ing; (5) systematic assessment.
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The school (kindergarten) curriculum must comply with the earlier work of
Armstrong [4]: (A) cycles of child’s personal development; (B) a holistic longi-
tudinal model of a child’s personal development.

The holistic approach to design [3] involves increasing complexity – from
simple tasks to complex projects; as we do so we eliminate compartmentalisation
and sequencing of problem-solving tasks.

A context-based approach has been shown to be beneficial. In particular,
context-based teaching provides meaning, coherence and relevance to conceptual
subject matter. We develop a content based on real-world problems or tasks
related to children’s lives: the multidisciplinary nature of real-world problems
places new demand on teaching, requiring collaboration between teachers with
different content experiences and expertise.

4 Project: Developing Teacher Education on CT in
STEAM

4.1 Objectives

We aim to contribute to the professional development of STEAM teachers by
developing modules for teacher education in order to (1) improve CT skills of
prospective teachers and (2) to improve pedagogical skills and competencies of
prospective teachers based on the integrative multi-disciplinary model previously
advanced by Seery et al. [19].

4.2 Design Principles

How should this be achieved? There are many approaches that have shown
promise in engaging learners using an explorative/enquiry paradigm. We con-
sider here some variants of problem based learning (PBL), as well as Design
Based Learning (DBL) within the broader sphere of social-constructivist learn-
ing approaches.

The recommended assessment approach is based on a pragmatic methodol-
ogy which includes theoretical study, and models practical design cycles includ-
ing piloting and dissemination stages. As a final practical result, a number of
curriculum modules result, providing the basis for training prospective teach-
ers on various aspects of CT as related to STEAM project-based education for
preschool and school levels.

The proposed modules adopt several crucial criteria: (1) they are self- suf-
ficient, which allows them to be included in the existing university curriculum;
(2) they form part of the coherent CT curriculum for STEAM and related sub-
jects. Expected impact includes opportunities to improve current educational
programs for prospective teachers, and in the longer term, to improve European
STEM education by moving to interdisciplinary and pragmatic STE(A)M, thus
increasing teacher and pupil involvement and increasing motivation of currently
less represented groups in order to generate interest in professional careers in
the field of science and engineering.
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4.3 Methodology

The research and implementation process of the individual modules is structured
in four phases: (1) Development and Design Phase: Literature review and/or
research on existing practices, the development of a first draft of the intellectual
output and its publishing on the web site; (2) Review and Pilot Phase: Refine-
ment of the first draft based on peer review and feedback by experts as well
as feedback from the piloting of the module in teacher education programmes
responsible for the course of the training events. (3) Optimisation and Produc-
tion Phase: Development of an improved version of the intellectual output and
its publication on the research project web site. (4) Translation and Publishing
Phase: translation of intellectual outputs into languages of the research project
partner countries and national implementation of the outputs.

In the development of the modules we address the TPACK model, which
offers: (C) knowledge of the content includes knowledge of CT and aspects related
to STEAM and contextual modelling; (P) pedagogical knowledge includes knowl-
edge related to: (a) pedagogy of CT as a whole, (b) STEAM pedagogy, includ-
ing interdisciplinary, integrative and contextual aspects, (c) PBL pedagogy; (T)
technological knowledge should provide support for PBL and related modelling;
(CX) contextual knowledge, among others, includes knowledge of modern school
reform and European educational policy. A partial evaluation of the efficacy of
these modules and the integrated curriculum model can be conducted using the
teacher self-efficacy instrument of Nordén et al. [11].

4.4 Module Structure

The conceptual core is the development of 10 modules for integrating of com-
putational thinking (CT) into existing university trainee teachers’ education.
This implementation consists of learning resources which can be adapted, con-
textualised, and integrated into university teacher education covering science,
technology, engineering, arts and mathematics (STEAM).

The structure of the pool of resources (see Fig. 1) is designed to cover all
the main parts of the educational process. The output of the project is the
10 modules (O1–O10) described in Table 1. Output O1, along with outputs O2
and O9, provide the theoretical and methodological basis for all module devel-
opment. Outputs O8 and O10 focus on specific CT and STEAM educational
environments and aspects of instructional design. Other modules are subject
and level specific and focused on CT for STEAM and related subjects. At the
same time, each module is self-sufficient and includes supporting material in the
form of descriptions and instructions for the user. Each module will ultimately
be represented by its own web page on the research project website.

5 Implications

Fostering the application of CT in school subject areas suggests that the learning
objectives in existing subjects should be examined for future alignment with
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Table 1. Module overview

Module Contents

O1 Framework for the development of the curriculum modules:
CT & STEAM for education of prospective school and
kindergarten teachers

O2 General Introduction of Computational Thinking: a basic
module suitable for all teachers

O3 CT for pre-school (kindergarten) prospective teachers:
specific features, approaches and practical solutions

O4 CT for primary education prospective teachers: specific
features, approaches and practical solutions

O5 CT for STEM prospective teachers: specific features,
approaches and practical solutions

O6 CT for languages, arts and humanities prospective
teachers: specific features, approaches and practical
solutions

O7 CT for languages, arts and humanities prospective
teachers: specific features, approaches and practical
solutions

O8 Educational environments for CT: design and aspects of
integration

O9 Using Constructivism, and Project and Challenge Driven
Pedagogy for learning Computational Thinking

O10 Technological, pedagogical and instructional design aspects
of teaching CT for STEAM

CT competences. This requires developing suitable operationalisations of CT
and investigating both generic linking principles and topic-specific connections
to CT. Concrete CT ‘hooks’ have been developed for specific STEM subject
matter, for example mathematics [9] and technology [5].

Most of the examples of embedding CT into an existing subject area involve
some form of algorithmic problem solving in that subject area, often combined
with the construction of digital artifacts such as computer programs or robot
as a technological solution to the problem. In some cases, however, it would
be preferable to use computational concepts to represent subject matter from
another STEM discipline such as physics, chemistry, biology or mathematics, in
order to better understand and explore fundamental principles.

An interesting example is the use of algorithms to model the concepts of
natural selection and protein synthesis in biology [15]. In the case of such sci-
entific phenomena algorithmic modelling can be utilised, and the phenomenon
explored using simulations, stimulating analysis, evaluation and reflection skills.
If the emergent properties differ from the expected, this ”suggests the rules, and
therefore the underlying understanding needs further refinement“ [17].
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Fig. 1. Contextualised curriculum model

Teaching and assessing development in computational thinking has become
one of the main issues in the field of modern education [3,6], and thus the
discourse has moved beyond the boundaries of computer science. There is a ten-
dency towards the integration of computational thinking skills into the skill set
of today’s learners regardless of their technical background. Therefore, to asso-
ciate these skills with such courses as programming/computer literacy/digital
competence might not be an effective or sustainable approach. However, as an
alternative we suggest that a search for the possible ways to integrate compu-
tational thinking skills into the current educational settings provides a more
constructive starting point.

Development of activities about computational thinking skills, and integra-
tion them into the curricula of various subject areas can be expected to help
learners to meet the requirements of the information age paradigm of education.
Teachers play a key role throughout this change because they are the ones who
will embed the skills that contribute to the development of computational think-
ing skills in addition to practice the integrated activities. The computational
thinking skills awareness of current teachers in the field of information technol-
ogy (or computer science) is currently questionable. Moreover, the relationship
between these skills and other subject areas are considerably weaker than is
desirable. Our modularised approach strengthen that relationship, enhancing
teacher education programs and providing support for curriculum revisions. It is
expected that computational thinking skills will become obligatory fundamental
skills, regardless of the subject areas of teachers. Moreover, the way teachers
transfer these skills into their field of practice can be listed as one of the crucial
teacher competencies in the near future. We believe that the approach we outline
above addresses some central elements of this challenge.
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6 Summary

In this paper we provide an educational science and resource design perspective
on the challenge of integrating CT conceptual material into existing EU school
teacher education programmes.

The aim of the curriculum modules for CT and STEAM education is two-fold:
(1) to train pre-service teachers from various subject areas in order to develop
their computational thinking skills, and (2) to model CT processes and thought
structures to help integrate these skills into realistic educational scenarios. Our
target group includes pre-service teachers in the one of the following fields: com-
puter science, mathematics, science, foreign languages, craft, pre-school (kinder-
garten), and elementary education. Teacher education programs may naturally
exhibit differences in terms of curriculum structure, and they can be shaped
according to the local needs of countries. Any intervention designed for a sin-
gle country might produce unexpected results for another one. That’s why the
context of the particular country should be well-defined by local researchers and
thus the collaboration on a European scale developing the European dimension
and character of education can become meaningful. In this way, countries can
learn from each other’s experience. It is consequently of the utmost importance
that the pre-service teacher training interventions proposed here be tested and
implemented in different countries.

Summing up the initiative and the manner in which it contributes to a new
approach to STEAM teaching as an holistic pursuit we offer the following obser-
vations.

ELEMENTS OF INNOVATION include a pragmatic view on CT as on a
set of tools and techniques which allow contextual integration of educational
activities of school students of various levels of a STEM focused education. CT
approaches in education, in addition to traditional approach to computer science
and programming education, promote unplug activities, support project and
design-based activities.

EXPECTED IMPACT (A) framework - is on (1) university teachers – pro-
vide a contextual description and module development paradigm; (2) curriculum
developers – provide a framework for integration and adaptation of the devel-
oped. (B) research project web page – on all groups of interest and dissemination.

TRANSFER POTENTIAL is based on the universality of the structure,
which ensures the consistency and self-sufficiency of the curriculum and other
modules.

Acknowledgements. Some ideas in this paper are part of the outcomes of NordPlus
Higher Education project NPHE-2019/10157. The main modules will be developed
with the framework of the Erasmus+ project “Future Teachers Education: STEAM
and Computational Thinking”, 2019-1-LT01-KA203-060767.
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