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a b s t r a c t

The paper presents our work on how to teach digital literacy and design thinking to children at primary
and secondary schools, with a particular focus on exploring the tools that may support children’s learning
in these domains. We have conducted design explorations with input from diverse stakeholders, such
as teachers, children, publishers and educational scientists to examine how to develop an integrated
design-based learning approach for the school context. Based on the design explorations insights are
described about requirements for digital toolkits and the design-based learning process. Based on this
work a Reflective Design-based Learning (RDBL) framework is presented that describes the challenges
of developing an integrated process that is doable at school, matching teachers abilities, appealing for
children and fitting to the knowledge presented in the publisher’s materials, that support teaching
learning goals as requested by the government.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

How can we teach children about the value of technology
through a design-based learning approach with digital toolkits?
How can we teach them a problem-solving attitude to life through
digital fabrication and design thinking embedded in an educational
approach for schools?

The role of digital technologies in everyday life has been in-
creasing over the past decades. As a result, society is changing
and it is thus important to appropriately prepare today’s children
for tomorrow’s everyday life. This has resulted in debate about
the kinds of skills that children need to be taught. These 21st
century skills include critical thinking, creativity, communication,
team work, and ICT and information literacy [1]. Different frame-
works for 21st century skills have been described, including the
KSAVE (Knowledge, Skills, Attitudes, Values and Ethics) framework
by Binkley et al. [2]. Binkley et al. [2] distinguish ten skills or com-
petency areas, related to the 21st century skills, grouped into four
main categories: Ways of Thinking (creativity and innovation, crit-
ical thinking, problem solving and decision making, learning to
learn/ metacognition), Ways of Working (communication, collab-
oration), Tools for Working (information literacy, ICT literacy) and
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Living in the World (citizenship, life and career, personal and social
responsibility).

The debate discusses the need for development of both new
skills and competencies and emphasizes the importance of life-
long learning, showing that education needs to change to facilitate
this. One of these 21st century skills involves digital literacy. We
broadly interpret digital literacy as the ability to use, understand an
evaluate technology, and also to understand technological princi-
ples and strategies required to develop solutions and realize specific
goals [3,4]. This includes providing childrenwith an understanding
of the use of various digital technologies, including social media,
digital fabrication techniques, sensors, actuators and computing
technologies. In our work we have interpreted digital fabrication
as a process of designing tangible solutions with digital toolkits.

With the increasing presence of technology in everyday life, we
argue it is important for children to get a sense of the value of tech-
nology for issues in society. For example, modern communication
technologies have the potential to decrease social isolation of el-
derly, or sensing systems can support people in reducing energy
usage in the home. To understand such values of technology, chil-
dren should not only learn the ‘hard’ technology skills (e.g. pro-
gramming and building electronic circuits), but they should also
gain insights in how such technologies can impact society. Re-
search has shown that teenagers have different kinds of interest
in science, technology, engineering and mathematics (STEM) sub-
jects. A study conducted in the Netherlands in 2010 [5] distin-
guishes four different profiles of interest in technology: teenagers
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who are (1) fundamentally interested in STEM, and teenagers with
interests in STEM froma (2) career-oriented or (3) human-oriented
perspective and thosewith (4) little or no interest in STEMsubjects.
These youngsters can be triggered to be interested in technology
in different ways, ranging from more fundamental approaches to
showing more applied approaches of technology. Gaining an un-
derstanding of the value of technology for society, at an early age, is
expected to help attract a larger group of youngsters to gain inter-
est in STEM subjects in their future education and career choices,
a target that is of increasing importance worldwide (e.g. in Euro-
pean research agenda, Horizon [6] call: SEAC-1-2015). While the
concept of digital literacy could also be related to topics other than
STEM,we examine it in relation to STEM topics, becausewithin our
network of stakeholders (including publishers of educational ma-
terial, teachers, and educational scientists) that is where it seems
to bemost easily integrated, providing us with a responsive design
research context.

Various developments have already facilitated the introduction
of digital tools in the school context to teach children about digital
literacy. These include FabLab equipment, such as 3D printers and
laser-cutters, but also digital toolkits that support low-threshold
‘making’ of diverse digital solutions for various problems [7,8].
Examples of digital toolkits, which enable children to engage in
digital fabrication of various applications using electronics and
programming, include littleBits, lego WeDo and MakeyMakey.
Thus, providing digital toolkits with design-based learning oppor-
tunities can also be seen as a form of digital fabrication.

However, little is yet known about the requirements for
embedding design-based learning of digital literacy skills in a
school’s curriculum.

In the department of Industrial Design at the University of
Eindhoven University of Technology, students develop knowledge,
skills and attitude in design related subjects through a design-
based learning process of interactive products and systems with
societal relevance. Students are taught through various learning
activities, which include lectures, but a large part of the learning
activities contain design-based learning components. For example,
students learn how to apply theories about behaviour change
in designing solutions to help people lead a healthier life style.
Applying this approach over the last 10 years, we have experienced
it supports the development of various 21st century skills; next to
digital literacy the approach also enhances collaboration, problem
solving, creativity and critical thinking. Therefore we have been
exploring whether this approach can also be used in a primary
and secondary school context to serve the purpose of increasing
children’s understanding of the societal relevance of modern
technologies, with the ultimate target to increasing children’s
interests in STEM subjects and careers. Since pupils of primary and
secondary school are younger than university level students, one
of the challenges in translating this approach is adjusting it to the
appropriate level, matching the appropriate learning goals.

To explore how to teach digital literacy and design thinking
to children through a design-based learning approach we have
conducted various design explorations. Based on both a literature
study and these designs explorations, we have developed the
Reflective Design-based Learning (RDBL) framework. RDBL
describes various factors which play a role in developing design-
based learning solutions for the school context, taking into account
the challenges that come with this formal learning setting. RDBL
can be applied to understand the relationships between the various
requirements and can be used to create and evaluate solutions
for a school context. This paper presents the RDBL framework
and illustrate it through three design case studies, which focused
on upper primary school (children aged 11–12 years), and lower
secondary school (children aged 13–14 years).

The aim of the work presented in this paper is to examine
how to integrate elements of instructional settings of design-based

learning that teach digital literacy and design thinking in real-life
primary and secondary school contexts. Furthermore, it aims to
develop a framework for supporting a structured consideration
of future RDBL activities for teaching digital literacy and design
thinking to children. We focus on the following research question:
How to provide a reflective design-based learning process that
supports relevant learning goals from a course specific (e.g. English,
Maths and Science) and from 21st century skills perspective (including
digital literacy, design thinking and value of technology) in a school
context?

2. The Reflective Design-based Learning (RDBL) framework:
overview and grounding in literature

In this section we lay out the motivation for the Reflective
Design-based Learning (RDBL) framework, which extends the
existing Design-based Learning (DBL) model presented by Gomez
et al. [9] by adding a specific Reflective learning component (The ‘R’
in RDBL) andmore attention to thedigital properties of the learning
environment.

The RDBL framework extends earlier work by Gomez et al. [9],
who developed a set of critical elements of instructional settings
in Design-based Learning (DBL) in higher engineering education.
Their framework, which includes project characteristics, design el-
ements, teacher’s role, assessment and social context, was based
on an extensive literature reviewwith a focus mostly on engineer-
ing disciplines, such as mechanical engineering and electrical en-
gineering. It was used, among other things, to analyse existing DBL
activities at engineering level, and to suggest ideas for improv-
ing professional development of DBL teachers to redesign their
projects using the DBL framework [10]. We examine how it can be
extended and applied to a primary and secondary school context.

Based on our experience with design-based learning for indus-
trial design students at the University of Technology, wherewe ap-
ply the Reflective Transformative Design Process (RTDP, Hummels
and Frens [11]), the activity of reflection forms an important part
of the learning process. Therefore, we propose to add this compo-
nent to the DBL framework for primary and secondary education.
The Reflective Transformative Design Process has been developed
to combine a flexible design process, with a learning-through-
reflection process. It promotes frequently switching between de-
sign activities, and to reflect on action when switching between
activities. This is in line with the assumption that design processes
are not somuch rational problem solving processes [12], but rather
reflection-on-action processes, as described by Schön [13].

TheRTDP is intended for university-level students, andprovides
a high degree of freedom in how they go through the design
process. More structure is needed for younger pupils, at least at
first, to guide them through the design process.

2.1. The Reflective Design-based Learning framework

The RDBL framework has been developed by combining input
and thoughts from stakeholders (such as teachers, educational sci-
entists, policy makers and publishers) with theoretical grounding
in literature. At the start of our research on technology toolkits to
teach children digital literacy skills, we organized four workshop-
sessions, of roughly two hours each, with various stakeholders (a
total of 14 stakeholderswere involved). These sessionsmade us re-
alize that design-based learning in the classroom can only be suc-
cessful when integrating various criteria coherently into the entire
process. For example, digital tools developed as learning materials
should be child-friendly and easy-to-use, but also need to be linked
to specific learning goals (decided on by governmental policymak-
ers), and the teachers can facilitate the process.
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