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Introducing Coding and Computational s
Thinking in the Schools: The TACCLE

3 — Coding Project Experience

Francisco José Garcia-Pefialvo, Daniela Reimann, and Christiane Maday

11.1 Introduction

There is a general trend worldwide to make computer science a basic skill (Garcia-
Pefialvo et al. 2017; Llorens Largo et al. 2017). This is related to future generations
of workers that should know, at least, the basic laws of a computer-based society
and, without demerit to humanities or social sciences, trying to reduce the current
gap with STEM (science, technology, engineering, and mathematics) (CEDEFOP
2015) careers.

Current society is software-driven (Manovich 2013). A very common situation in
countries with a high rate of unemployment is they have unfilled positions for
engineers and technicians for the industry and digital services. This means that a
growth in the demand of positions related to technology and scientific knowledge,
particularly engineering, but not only, is not reflected in the increase of students in
such university degrees.

In the European Union, more than 800,000 professionals skilled in computing/
informatics by 2020 are expected; many educators, parents, economists, and
politicians are starting to think that students need some computing and coding skills
(Balanskat and Engelhardt 2015).

In EEUU there are different studies that recommend the creation of a well-defined
set of K-12 computer science standards based on algorithmic/computational thinking
concepts (Tucker et al. 2006; Wilson et al. 2010).

F. J. Garcia-Pefialvo ()
Research Institute for Educational Sciences, University of Salamanca, Salamanca, Spain
e-mail: fgarcia@usal.es

D. Reimann - C. Maday
Karlsruhe Institute of Technology, Institute of Vocational and General Education, Karlsruhe,
Germany

© Springer International Publishing AG, part of Springer Nature 2018 213
M. S. Khine (ed.), Computational Thinking in the STEM Disciplines,
https://doi.org/10.1007/978-3-319-93566-9_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-93566-9_11&domain=pdf
mailto:fgarcia@usal.es
https://doi.org/10.1007/978-3-319-93566-9_11

214 F. J. Garcia-Pefialvo et al.

On the other hand, new devices (Alonso de Castro 2014; Sanchez-Prieto et al.
2013, 2014), from smartphones and tablets to electronic learning toys and robots,
find new audiences with increasingly young children. This causes new challenges for
teachers (Sanchez-Prieto et al. 2016a, b, 2017), for example, how to define devel-
opmentally appropriate activities and content for children of different ages (Bers
et al. 2014).

These new devices caused that the real life in the physical space is represented in
the virtual space in all its facets, e.g., the place where I am, the activities I am
undertaking, with whom I communicate and interact, and what I buy. Data traces in
the virtual space, which capture more and more what we do, are stored, networked,
and sent to third parties (Boyd and Ellison 2008; Guettat et al. 2010). At the same
time, the subjects in the digitized world always receive more accurate proposals and
offers of assistance systems from the virtual space (Chajri and Fakir 2014; Colomo-
Palacios et al. 2017). The virtual affects the physical reality to an increasing extent,
but the virtual space is not a “neutral world,” but it is driven by corporations and their
business interests.

Whereas information technology (IT) literacy is the capability to use today’s
technology in one’s own field, the notion of IT fluency adds the capability to
independently learn and use new technology as it evolves (National Research
Council Committee on Information Technology Literacy 1999) throughout one’s
professional lifetime. Moreover, IT fluency also includes the active use of algorith-
mic thinking (including programming) to solve problems, whereas IT literacy is
more limited in scope.

The most frequent approach to teaching digital literacy has been to gradually
encourage the learning of programming, and the term code literacy (Prensky 2008)
has been coined to refer to the process of teaching children programming tasks, from
the simplest and most entertaining to the most complex; this way the student’s
progress is centered on the difficulty of the tasks and in their motivating character-
istic. This means a link between the learning with the response to a stimulus instead
to the child’s learning and cognitive capabilities, following the traditional behavior-
ist theories (Zapata-Ros 2015).

However, there exist an alternative in the constructionism approach, yet consid-
ered by Papert (1980) in his researches based on the Logo programming language,
that conveys the idea that the child actively builds knowledge through experience
and the related “learn-by-doing” approach to education. Papert wanted to create “a
mathematics children can love rather than inventing tricks to teach them a mathe-
matics they hate,” because Papert’s leitmotifs were thinking about thinking and the
freedom to achieve one’s potential (Stager 2016).

The term computational thinking was made popular by Jeannette M. Wing
(2006), with her definition “computational thinking involves solving problems,
designing systems, and understanding human behavior, by drawing on the concepts
fundamental to computer science.” Aho (2012) simplified this concept defining it as
the thought processes involved in formulating problems, so “their solutions can be
represented as computational steps and algorithms.” Garcia-Pefialvo (2016f) defined
computational thinking as the application of high level of abstraction and an
algorithmic approach to solve any kind of problems.
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European Erasmus+ TACCLE 3 — Coding project (Garcia-Pefialvo 2016a, b,c, d;
TACCLE 3 Consortium 2017) focusses on supporting school teachers and develop-
ing their confidence to deliver the new computing curriculum including coding and
computational thinking approaches.

In this chapter, TACCLE 3 — Coding is introduced, and in this framework, the
experience of using wearables with target groups in higher education (pedagogy,
engineering pedagogy) as well as in elementary teacher training is going to be
presented.

11.2 TACCLE 3 - Coding Project

TACCLE 3 — Coding is a European Union Erasmus+ KA2 Programme project that
supports primary school staff and others who are teaching computing to 4—14-year-
olds. It started at September 2015 and will end at October 2017.

The project consortium is coordinated by GO! Het Gemeenschapsonderwijs
(Belgium) and composed of the following partners: the Pontydysgu Limited (United
Kingdom), Scholengroep 1 Antwerpen (Belgium), Karlsruher Institut Fiir
Technologie (Germany), Hariduse Infotehnoloogia Sihtasutus (Estonia), Tallinn
University (Estonia), University of Salamanca (Spain), Aalto-Korkeakoulusaatio
(Finland), and Itd-Suomen yliopisto (Finland).

All the information and the project outcomes and deliverables are available at the
project website http://www.taccle3.eu, and they are licensed under a Creative Com-
mons Attribution-NonCommercial-ShareAlike 4.0 International License.

Also, training courses will be available for both in-service and future teachers.

Many European countries are introducing computing and coding as core curric-
ulum topics (Balanskat and Engelhardt 2015). Some have already done so; many
others are intending to. Inevitably the detail of the curricula will be different in each
country, but there is a substantial overlap — almost all of the curricula available so far
include programming, control technology, and computational/logical thinking, so
TACCLE 3 has started with these (Garcia-Penalvo et al. 2016).

Figure 11.1 shows the main page of the projects website. From this, users may
access to different kinds of resources organized by the following categories:

» Using logic

e Algorithms

¢ Creating + debugging programs
e Controlling things

In Fig. 11.2, the tabs on the top menu correspond to the curriculum areas and
underpin the schemes of work that in turn form the basis for the lessons you will be
delivering in the classroom. Under each heading, you will find a variety of ideas,
lessons, and materials directly related to classroom activities.

One the most interesting TACCLE 3 resources is the activity/lesson. It is
published in the form of blog post. Each post explains the basic concept followed
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Fig. 11.1 Main page of the TACCLE 3 website: Source (TACCLE 3 Consortium 2017)

by the aim of the lesson which in turn contributes to one or more of the attainment
targets in the computing curriculum.

The outline of the activity follows this scheme:

Title

1. Overview

Brief description

Age

Level

Twenty-first-century skills

Tips to adapt the lesson (e.g., to older/younger students, students with special
needs, etc.)
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Fig. 11.2 Categories of the available resources

Material

2. Aim of the activity
3. Needed tools and resources
4. Practical activity description

Figure 11.3 shows an example of a TACCLE 3 activity oriented to introduce the
decomposition process, breaking down a problem into smaller manageable parts.
Decomposition helps in solving complex problems and managing large projects.
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Fig. 11.3 Decomposition activity in TACCLE 3 — Coding project. (Source http://www.taccle3.eu/
english/2015/11/16/decomposition/)

11.3 Developing Smart Textile Objects

To make the abstract learning contents of coding more graspable and usable for
teachers at primary school level, the concepts are linked to imagination and
phantasies of young children, who can invent and realize their own project ideas
to be developed by the learners themselves. The latter is done in project-based
learning scenarios (Estruch and Silva 2006; Markham et al. 2003), using embedded


http://www.taccle3.eu/english/2015/11/16/decomposition/
http://www.taccle3.eu/english/2015/11/16/decomposition/

11 Introducing Coding and Computational Thinking in the Schools: The. . . 219

sensor- and actuator-based systems, using the Arduino LilyPad technology intro-
duced by Buechley (2014), extended by a visual interface to facilitate programming
using icons in a free drag-and-drop environment (Amici) (Kafai 2014).

The technology chosen opens up to link the ideas and imagination to
computational thinking (Wing 2006, 2008, 2011) and acting through more art- and
craft-based, creative processes. Examples of smart textile projects (and the sketching
of electronic circuits) are used. Smart textiles, which are also referred to as “wear-
ables,” are a generation of clothes and accessories with embedded microcomputers
and offer various possibilities for learning about computational modeling. The
system, worn on the body, can respond with behavior programmed by the children
themselves. They manipulate and change technology. Using, e.g., conductive yarn
(as connector), sensors, motors, and LED lights as well as sewable circuit boards
(Arduino LilyPad introduced by Buechley), smart textiles create a link between
sensual-haptic materials (Ferndndez et al. 2016; Scopes and Smith 2010), precise
computer control, and creative concepts. New interfaces — sewed, woven, or stitched
— can be experienced between body, clothing, and the environment. It can be stitched
together with conductive thread to create interactive garments and accessories. In
conjunction with the open-source Arduino technology, they open up opportunities
for cross-disciplinary teaching of the subjects of art, design, computer science, and
music, for example, to address learning in the context of storytelling wearables (Tan
2005), wearable music (Rosales 2012), or sounding artifacts (Trappe 2012).

The Arduino LilyPad technology consists of hard components as well as a
programming interface which can be connected to an icon-based interface to be
used by younger children at primary school level.

The LilyPad can “sense information about the environment using inputs like light
and temperature sensors and can act on the environment with outputs like LED
lights, vibrator motors, and speakers” (http:/lilypadarduino.org). Kafai (2014)
highlighted the LilyPad Arduino kit being a shapable set of technologies, bringing
together crafting, design, and technology, supporting individual learning processes.

11.4 Curriculum Modules for Primary School Teacher
Training

The learning activities developed include a teacher training, as well as a tutorial for
beginners to programming, which introduces the teacher both to the handling of the
LilyPad Arduino hardware and to the application of the Amici user interface and can
be used as instructions for teaching processes related to interactive clothing. Also,
the development of creative themes is addressed, to support imagination and self-
initiated learning. The teacher training is based on the modules identified to develop
a project.

The teachers get familiar with the hardware, such as the electronic components,
main board, connectors (including unusual wires made of ink or yarn), and sensors
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and actuators. The teachers use the same modules for project-based learning with
physical computing as the school kids in hands-on workshops.

Since, however, the handling of the software and hardware used in the project is
documented only insufficiently in Germany, it was decided to write down in a
structured way the experiences gained. Although the resultant tutorial does not
claim to discuss all software and hardware issues, relevant problems need to be
explained in detail. The tutorial was developed on the basis of the EduWear manual
compiled by the “Digital media in Education (dimeb)” research group of the
University of Bremen (http://goo.gl/a8c2L7).

The following lesson plans for classroom sessions are linked to each other and
based on one another. They form the teaching units on developing sensor- and
actuator-based systems/developing a project with Arduino LilyPad and Amici
software.

Module 1 Getting Familiar with Hardware

This module is part of a series of lesson plans to introduce children (from grade 5 up)
to smart textile objects, based and the programming of sensors and actuators set up in
an electronic circuit. After the series of lessons 1-6, the learners will be able to
develop, connect, and program a sensor- and actuator-based interactive system and
contextualize it in a project. Also, there are lessons to introduce the development of
electronic circuits through painting connectors (wires) using conductible ink. In
those lessons, the learners design and paint electronic systems, which can be
integrated in an interactive book project.

a. Aims: familiarizing with the terms and related hardware and understanding the
components as a networked system

b. Terms to be introduced: sensor, actuator, connector, main board LilyPad, input,
output, and meaning/function in a circuit/interactive system.

c. Methods: relation to sensory perception/the human senses and/or learners to
represent the components physically

d. Develop photo work sheets for identification of hardware components, including
learning material including exercises

Module 2 Developing an Electronic Circuit

In module 2 of the LilyPad Arduino-based Smart textile introduction series, learners
learn to develop a circuit, cable it and make it run by themselves. This way pupils
learn: 1. to develop a circuit, cable it and make it run by themselves, 2. how to cable
the components using crocodile clips. There are exercises based on work sheets to
arrange the components and cables, so that an LED glows continuously or an LED
shines on and switches off, come along with the module.

Module 3 Developing an Interactive System: Programming Arduino LilyPad

In this module, the learners learn to program Arduino LilyPad main board by using
the icon-based drag-and-drop programming environment Amici. In the session
pupils are introduced to Amici software through work sheets with exercises related
to LED on/off or for a particular time, in the context of an interactive system. The
aim is to make transparent computational thinking and modeling behavior by
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developing a program. It intends the pupils to understand the computer as a shapable,
controllable medium.

Module 4 Programming Arduino LilyPad: Getting Familiar with Amici

The main aim of this module is to make transparent computational thinking/modeling,
and algorithms control computer, in order to understand the computer as a shapable,
controllable medium to the learners by doing, testing, and debugging. In this module,
the issue of testing and debugging is introduced to the pupils by making them develop,
test, and debug a program by themselves. The interrelation of such processes which
belong together is addressed. Aims are to develop a program, test, and debug it. The
issue of bugs and debugging is addressed (original etymological meaning of the bug,
esp. for younger kids!). There are exercises to arrange the components and cables, so
that a LED glows or so that a LED shines on and switches off.

Module 5 Developing a Project with Arduino LilyPad and Amici

In this module, the learners are encouraged to develop an idea for an interactive
project, based on sensors and actuators they know from the previous lessons. By
developing an idea for an interactive project, have them identify the tasks to fulfill
and the realization by themselves. Co-construction of knowledge is supported and
learned through the working and design processes. This learning activity deals with
using logic and algorithms.

Module 6 Painting Electronic Circuits

This module deals with particular connectors. Painting electronic circuits can be
used as a vehicle to technology education in early age groups. Conductible ink in a
pen is used for electronic components in the context of drawing images. As Buechley
has stressed, “electronics aren’t just for experts and engineers. Kids and amateurs
should be able to play, too.” Buechley (2014) designed paper-based electronics for
“sketching” and folding. Teachers like to get and test learning materials which are
ready to use in the classroom but also designed flexible enough to be amended
individually according to their own purposes, needs, target groups, and ideas. In the
following example, learning material is presented. Using conductible ink, the issue
of “algorithms” as an endless set of activities which, after its realization, lead to a
solution is introduced for primary school level. Therefore, the paper cards (Figs. 11.4
and 11.5) were developed. In Fig. 11.4 the cooking of a pan cake is used as an
example for an algorithm.

.

Fig. 11.4 Drawn algorithm in the form of a game. Learner to put together the images in the right
order
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Fig. 11.5 If every step is put together correctly, the LED glows

Fig. 11.6 A blanc paper algorithm puzzle is sketched for individual use

Fig. 11.7 The connection is done using electronic ink

Fig. 11.8 Fold along the dotted line

For initiating the process, a blanc algorithm puzzle is handed out to the pupils
(Fig. 11.6).

In step 4, a connection between the ends has to be drawn (Fig. 11.7).

Afterward, it needs folding along the dotted line (Fig. 11.8).

In step 6, pieces are cut apart. Obviously, there is only one correct order of the
parts. Here you can see that there will be no electric connection (Fig. 11.9).

In step 7, the parts are folded and numbered. At the front, an algorithm can also be
written or drawn (e.g., a recipe) (Fig. 11.10).
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Fig. 11.9 Cutting pieces apart

Fig. 11.10 Fold parts and number them

Fig. 11.11 Cable an actuator and a battery

In the 8th step, an actuator and a battery have to be wired to the end and to the
starting point. Then the actuator will react if the algorithm is laid in the correct order
(Fig. 11.11).

11.5 Conclusions

Introducing computational thinking and a solid base of coding is the educational
agenda of many countries worldwide. The challenge is to do it in the right way so
that the objective is not confused and really influences the acquisition of key twenty-
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first-century competences; trying to avoid these contents will become in another
subject an over-saturated curriculum.

Methods of teaching which have long been overtaken such as the reduction on a
tool-oriented and resource-based use of computers, which may now be overtaken,
despite all the interdisciplinary and interconnecting efforts, remain as a reality in
today’s schools, colleges, and outer school contexts.

The presented approaches which were well received by the pedagogical target
groups are available for teaching computational modeling at school and university as
well as in outside school settings. They can be absorbed and used to ensure a
sustainable and systematic integration of computer science contents and embed
them into the curricula, crossing the borders of disciplines and school subjects,
such as computer science/IT, textile, art, and design education.

In this sense TACCLE 3 project looks for sharing experiences and resources to
achieve the pursued goal involving the right actors.

Teachers that are interested in participating in TACCLE 3 — Coding may do it in
several ways:

» Visiting the website to access to the resources.

* Writing news related to coding in the schools.

* Making learning activities/lessons.

¢ Making resource reviews (products, tools, books, courses, etc.) oriented to other
teachers. There exists a recommended template (Garcia-Pefialvo 2016e).
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