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Integrating Design Thinking in Teacher Education:
Student Teachers Develop Learning Scenarios for
Elementary Schools

Sabine Hogsdal,' University of Education Freiburg, Germany
Anne-Marie Grundmeier, University of Education Freiburg, Germany

Abstract: This article describes the concept and the implementation of an interdisciplinary seminar that was held at the
University of Education in Freiburg, Germany. Student teachers for elementary school subjects were first taught in
Design Thinking. Then they used their acquired knowledge to create learning scenarios for the subjects Art/Crafts and
General Science and Social Studies. The article highlights the results and offers the opportunity to discuss the potentials
of Design Thinking with regard to its transfer to classroom and teacher education against the background of fostering
children’s creativity, problem-solving skills, and collaborative work.

Keywords: Design Thinking, Elementary School, Teacher Education

Introduction

reativity, problem-solving skills, and the ability to work in a collaborative way are

defined as key competences in order to master the challenges of the twenty-first century

(Bell 2010; Kay and Greenhill 2011; Berner 2013; Watson 2015; OECD 2017).
According to Trilling and Fadel (2012), essential learning and innovation skills of the twenty-
first century are described in pairs of two: creativity and innovation, critical thinking and
problem solving, communication and collaboration. Creativity can be described as the ability of
a person to produce new ideas and to deal with them in a goal-oriented manner (Theurer,
Berner, and Lipowsky 2012). Related to learning processes, this means that creativity can
also be regarded as a special form of problem-solving ability and therefore can be
significant for learning at school (Theurer, Berner, and Lipowsky 2012). They further describe
that creativity is considered as an overarching educational goal in German elementary schools,
which has been anchored in the education plans since the nineties (Theurer, Berner, and
Lipowsky 2012 with reference to Kultusministerkonferenz [Standing Conference of the
Ministers of Education and Cultural Affairs], 1994).

For more than two decades, Largo, the Swiss researcher and pediatrician with a focus on
child development, confirmed that children are born with an inherent drive to explore their
social and material environment. The characteristics are innate curiosity; developmental
learning; and acquisition of skills through practice, self-determination, and self-control (Largo
(2011). “Children are active, they develop out of their curiosity. They want to learn in a self-
determined way, if experiences are forced on them, their motivation to learn gets lost” (Largo
2019, 67). According to Engel and Randall (2009), curiosity is associated with increased
cognitive ability, as very curious children acquire more information while reading or learning
and therefore reach a greater level of comprehension. “Children who rated themselves as highly
curious performed better on a mental abilities test” (Engel and Randall 2009, 184). Engel
further describes curiosity, which unfolds through social interactions, as intrinsic to children’s
development and pleads for cultivating it in schools, as interactions between teachers and
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children can promote children’s creativity or prevent them from being creative (Engel 2011). In
their study on creativity at elementary school age in Germany, Theurer, Berner, and Lipowsky
(2012) confirm that creativity is inhibited by pressure to conform or perform, as well as by
authoritarian hierarchies and a lack of trust in classmates and teachers. In addition, the teacher’s
creativity and approach to creativity have a crucial influence on the development of children’s
creativity (Theurer, Berner, and Lipowsky 2012). Concerning the promotion of collaborative
work, Kaendler et al. (2016) state that teachers often feel insecure about how to guide
collaborative learning in classroom, “possibly because they are missing the capability to
perceive goal-oriented interactions between pupils” (Kaendler et al. 2016, 57). For this reason,
it is becoming increasingly important to provide teachers and student teachers with methods that
give them confidence in their daily work fostering creativity and collaborative working
practices in elementary school children.

Design Thinking offers the opportunity to work in this way by encouraging creative thinking
and acting through its collaborative and interdisciplinary approach (Brown 2009). International
studies on Design Thinking in classrooms at the secondary level, conducted in the United States
(Carroll et al. 2010), in Germany (Scheer, Noweski, and Meinel 2012), and in Asia (Koh et al.
2015), show promising results. According to their research, Design Thinking can lead to a more
sustainable learning success for children by applying creative and collaborative elements as well
as to a greater satisfaction for educators while teaching their subject matter. Studies carried out in
Singapore on the use of Design Thinking in teaching and learning involved both children, pre-
service and in-service teachers. Design Thinking was applied in different subjects and at different
grades and its effects were qualitatively evaluated. As a summary of their results, it can be stated
that Design Thinking promotes collaborative working among children and the ability of teachers
to better evaluate learning outcomes (Koh et al. 2015).

Another study in Singapore about teacher experiences implemented Design Thinking for
two years in a public secondary school, with children aged between 13 and 14 years. Teachers
perceived “that design thinking holds the potential for enhancing skills such as creativity,
problem solving, communication and team work as well as empower students to develop
empathy for others” (Retna 2016, 5). On the other hand, constraints of time and other resources,
as well as the difficulty of adapting to a new way of teaching, were noted (Retna 2016). A
German community school in the center of Berlin, which has a partnership with the HPI D-
School at Potsdam University, has already integrated Design Thinking workshops into its
everyday school life: “We understand school as a learning organization. Schools must
constantly reinvent themselves if they want to be fit for the challenges of the 21st century”
(Meinel, Weinberg, and Krohn 2015, 54). The Foundation German Design Museum [Stiftung
Deutsches Design Museum] has been running design workshops in Baden-Wiirttemberg (BW),
a federal state in the southwest of Germany, at comprehensive schools, secondary schools, and
grammar schools since 2014. At the elementary level, however, it can be stated that little to no
research has been done on Design Thinking, as the work of Lor (2017) shows.

The aforementioned aspects and the fact that in 2016, the education plans for all school
types in the federal state BW were revised, provide the basis for our research interest—to
investigate the impact of Design Thinking in elementary schools. This study is part of an
interdisciplinary research project carried out at the University of Education Freiburg in
cooperation with Reutlingen University and is funded by the State Ministry for Sciences,
Research and Arts, Baden-Wiirttemberg.

The research question of the overall project is: To what extent can a teaching method based
on Design Thinking foster creativity, problem-solving skills, and collaborative work in
elementary school children in the 3rd and 4th grades? The subjects for investigation are
Art/Crafts [Kunst/Werken] and General Science and Social Studies [Sachunterricht]. The latter
is a specific subject in German elementary schools and is related to STEM education,
geography, history, and everyday culture.
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Note: In order to differentiate between children at elementary schools and university
students, they will be referred to as “children” and “students,” respectively.

Congruence between Process-related Competences and the Design Thinking Process

The significant change in the revised BW education plans is that skills to be acquired by
children have been assigned to different competences—content-related and process-related. The
process-related competences for the subjects Art/Crafts and General Science and Social Studies
(GS&SS) as well as for Music are “experiencing and perceiving the world, Exploring and
understanding the world, Communicating and making yourself understood, Acting in the world
— shaping the world, Reflecting and positioning yourself” (Ministerium fiir Kultus, Jugend und
Sport Baden-Wiirttemberg 2016). Of particular interest is the fact that two artistic subjects and
one related to STEM education should enable the acquisition of the same process-oriented
competencies. This is close to Trilling and Fadel (2012) who argue that Art and Design should
be included in STEM education in order to merge the two subjects into STEAM. Bequette and
Bullitt Bequette (2012) conclude that Design Thinking could act as a bridge between Art and
STEM education: “Art, like engineering, is concerned with finding answers to problems and
seeking visual solutions using the design process” (Bequette and Bullitt Bequette 2012, 44). In
this context, the process-related competences of the subjects Art/Crafts and GS&SS show a
high congruence with the Design Thinking process according to HPI D-School (2007). This has
led us to our research hypothesis that teaching-learning scenarios for Art/Crafts and GS&SS,
based on Design Thinking, might foster twenty-first-century skills such as creativity,
collaborative work, and the ability to recognize and solve problems.

As Germany elementary schools cover grades one to four, we focused our research on
grades three and four. In these grades, the children are between eight and ten years old, and the

education plan of BW provides the same topics for both grades.
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Figure 1: Congruence of the Design Thinking Process by HPI D-School (2007) and the Process-Related Competences to Be
Acquired in the Subjects Art/Crafts, GS&SS (Which Is Related to STEM Education) According to the BW Education Plan
Source: Hogsdal 2020
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Approach and Methodology

The Design Based Research (DBR) approach is used as a framework for the overall project.
Cobb et al. (2003), the Design Based Research Council (DBRC 2003), and Reinmann (2005)
describe DBR as an important methodology in order to understand how, when, and why
educational innovations work in practice because it blends empirical educational research with
the theory-driven design of learning environments: “Design is central in efforts to foster
learning, create usable knowledge, and advance theories of learning and teaching in complex
settings” (DBRC 2003, 5). According to Reinmann (2005), the DBR approach provides a
structure for the process of various studies and makes it possible to incorporate results and
findings from previous studies into the development of subsequent studies. Prospective and
reflective aspects of design experiments result in the characteristic, iterative design. “As
conjectures are generated and perhaps refuted, new conjectures are developed and subjected to
test. The result is an iterative design process featuring cycles of invention and revision” (Cobb
et al. 2003, 10). As there are no research studies that investigate the impact of Design Thinking
in elementary schools at the third- and fourth-grade levels, an exploratory approach as described
by Cobb et al. (2003) seems reasonable for our project. DBR allows studies in educational
research to be conducted under real-world conditions rather than laboratory conditions, as is
often the case (Reinmann 2005). In addition, DBR emphasizes collaboration between
participants and researchers throughout the process (Cobb et al. 2003) and provides the
opportunity to exchange expertise across disciplinary boundaries (DBRC 2003), which is the
case in our project. We include the expertise of teachers, trainers, students, and even children.
EBer and Sitter (2018) plead for an ethical symmetry in research with children in order to ensure
that children are not only research objects, but equally involved in participatory research. In this
context, it is key that pedagogical child research views children as experts in their learning
experiences and ascribes them an active role in the research process (Hartnack 2019). In order
to participate in children’s subjective perspectives, thoughts, opinions, needs, desires, and
fantasies, researchers should encourage children to communicate freely instead of explicitly
questioning them (Hartnack 2019). “It is the adults who set the agenda in a research project with
children. However, in the context of participatory research, sufficient space is created for
children not only to appropriate it, but also to transform it on their own” (EBer and Sitter 2018,
16) The perspective of childhood research (Efer and Sitter 2018; Hartnack 2019) is of great
importance, as the user-centered approach of Design Thinking offers exactly the described
requirements. In our research, children are to be considered as users and target group of newly
developed learning scenarios. Therefore it is all the more important to involve them in the
process. Since DBR has a high similarity with the Design Thinking process and its principles
(HPI D-School 2007; d.school 2018, 2019a), it provides appropriate tools in order to explore the
impact of Design Thinking within an educational science context.

In the following, we will give an overview of the studies we conducted in advance of the
student teachers’ seminar described in this article. All studies have been consistently related to
the research question of the overall project: “To what extent can a teaching method based on
Design Thinking foster creativity, problem-solving skills, and collaborative work in elementary
school children in the 3rd and 4th grades?” Their respective results have been directly
incorporated into subsequent studies and thus into the seminar concept. Methods of qualitative
social research have been used to collect data and to validate the results. Those are:
questionnaire surveys (Kuckartz 2016), participatory observation during an intervention
(Kuckartz 2016; Meyer 2017), open group discussions (Kithn and Koschel 2018), expert
interviews with class teachers (Meuser and Nagel 2009), group interviews with children (Vogl
2015; Hartnack 2019), and photographs of the artefacts (Wyss 2016).
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Process of our Studies Based on the DBR Approach

= Junto Oct 2018: Survey on the knowledge of Design and Design Thinking (DT) of teachers and their motivation
to promote creativity in classroom - data collection

= QOct 2018: 1st pilot study at an elementary school in 3rd grade > data collection
= Nov 2018: BW-wide DT workshop with teacher trainers - data collection
= Feb 2019: DT workshop with students, teachers, and teacher trainers as part of the international

symposium Creative Methods in Art and Design, Basel, Switzerland - data collection
= Mar 2019: 2nd pilot study at an elementary school in 3rd grade - data collection
= May to Jul 2019: Interdisciplinary seminar: Student teachers develop learning scenarios - data collection
= Fall 2019: Evaluation and further development of the student teachers’ learning scenarios
= Oct to Nov 2020: Application in Art/Crafts and GS&SS classes - data collection

Winter 2020/21: Data analysis in terms of answering the research question

b

Spring 2021 Derivation of guidelines for teacher education and training

Figure 2: Course of Studies According to the DBR Approach
Source: Hogsdal 2020

Based on an international literature review, research activities started with a teacher survey on
the knowledge of design and Design Thinking. Questionnaires were mailed to twenty-one
elementary school principals all over BW, of which sixteen completed questionnaires from
eight schools were returned. The results helped us to gain information about teachers’
knowledge of design and Design Thinking and also about their motivation to foster creativity,
problem-solving skills and collaborative work in classroom. Based on their responses, a
learning scenario for the implementation of a pilot study at an elementary school in third grade
was developed. In this process the designer worked together with a student teacher, who was
about to graduate in her last semester at the University of Education Freiburg. The designer
instructed the student in Design Thinking and received practical information from the student
about how to plan and to structure learning scenarios in elementary schools by using progress
charts and observation sheets according to Meyer (2017). As the learning scenario was based on
the iterative Design Thinking process, the practical instructions were taken from d.school’s
Bootcamp Bootleg (d.school 2018). The student teacher carried out the teaching unit, which
stretched over six days, each with one double lesson. The Design challenge the children had to
solve was: Build the Perfect Reading Place! The sample size was eighteen children, including
nine girls and nine boys. The designer participated as an observer in the last two lessons when
the children presented their prototypes. The data collection was realized by means of participant
observation, a group discussion with the children, an expert interview with the class teacher,
and photographs of the children’s prototypes.

The results of the first pilot study and the teacher survey led to the development of an all-
day Design Thinking workshop for teacher trainers, carried out at the BW wide annual
conference on “Everyday Culture and Health” [Alltagskultur und Gesundheit]. Everyday
Culture and Health (EC&H) is a study subject at Universities of Education in BW that combines
home economics (nutrition and consumption) with textile material culture and focuses on
teacher education for Art/Crafts and GS&SS at primary schools and home economics at
secondary schools. The seventeen participating teacher trainers were given a short theoretical
instruction on Design Thinking. Afterward, they had to accomplish the same design challenge
given to the third graders one month ago. An anonymous questionnaire survey, an open group
discussion and photographs of prototypes were used for data collection.
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The results led to the development of a subsequent workshop for teachers, trainers,
students, and scientific staff members as part of the international symposium “Creative Methods
in Art and Design” [Kreative Methoden in Kunst und Design] at the University of Education in
Basel, Switzerland. The goal was to gain insights from professionals on an international level
and to compare them with the results obtained within the BW workshop. Two groups of twenty-
three participants each faced the same design challenge Build the Perfect Reading Place. Data
collection was realized by an anonymous questionnaire survey, an open group discussion, and
photographs of the prototypes. Half of the participants took part in the survey and the group
discussion.

The results were evaluated and incorporated into the further development of the second
pilot study at another elementary school. This time it was conducted by the designer, the
participants were also third graders, and the duration was the same as in the first pilot study, one
double lesson for six days. The sample size was N = 26 children, including fourteen girls and
twelve boys. The evaluation tools consisted of three group interviews with three children each
(Vogl 2015), an expert interview with the class teacher (Meuser and Nagel 2009), participant
observation with observation sheets conducted by the designer and the class teacher (Meyer
2017), and photographs of the children’s artefacts (Wyss 2016).

At the time the student teachers’ seminar was conceived, the findings of the preliminary
studies were available, as described in Hogsdal and Grundmeier (2019): Teachers and teacher
trainers in BW and Switzerland show open-mindedness toward the Design Thinking approach.
They see a high potential for its application in classroom. Comparing the results of both
workshops on a four-part Likert scale, which includes the options full, rather, less, and not at
all, it becomes evident that 75 percent of the BW teacher trainers fully agree that Design
Thinking can foster creativity, whereas 39 percent of the Swiss educators either fully or rather
agree. Concerning Design Thinking’s promotion of problem-solving skills, half of the BW
teacher trainers and Swiss educators fully agree, and between 38 and 43 percent of both groups
rather agree. In regard to Design Thinking's promotion of collaborative work, 56 percent of the
BW teacher trainers and 46 percent of the Swiss educators fully agree; 30 percent of both
groups rather agree. In the respective group discussions, participants express concerns about
transferring Design Thinking to the elementary classroom. The concerns are greater among
German teacher trainers. Most of them feel the need for more concrete guidelines.

First results of participatory observations and interviews with third graders show that both
the process and the principles of Design Thinking enable children to achieve a goal-oriented
form of independent learning and creative problem-solving. The children stated to appreciate
working in teams and developing ideas on their own without the teachers’ instructions. They
were satisfied with their prototypes of The Perfect Reading Place and proud to have managed
the given task by themselves (Hogsdal and Grundmeier 2019). “The child’s curiosity, expressed
as interest and joy, is most aroused and remains longest when the child can actively participate”
(Largo 2011, 206). A detailed analysis of the children’s interviews and group discussion was
carried out at a later stage. It will be referred to in the discussion and compared with data gained
in the student teachers’ seminar.

The conclusion at this stage of research is that the main challenge will be to provide
teachers and trainers with a solid understanding of Design Thinking that enables them to apply
this method in a self-sufficient way. “When teachers experience that they can noticeably change
their teaching behavior and that these changes also bring about perceptible changes in the
learning processes of the children, they are more willing to deepen further training content and
strive for a transfer into teaching practice” (Lipowsky and Rzejak 2012, 57). In this context, it
will be important that teachers develop confidence in their own creative capabilities in order to
enable children an open learning process (Scheer, Noweski, and Meinel 2012). This was the
reason for us to conceive a seminar for student teachers, teaching them the essential knowledge
about Design Thinking.
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Research Topic: Integrating Design Thinking in a Student Teachers’ Seminar

All findings of previous research were further developed according the DBR approach (DBRC
2003) and incorporated into the students’ seminar. This article describes the concept and the
setting; it highlights the results comparing them with previous findings and literature, discussing
the potentials of Design Thinking in teacher education and elementary classroom.

Concept and Teaching Approach of the Seminar

Throughout the seminar, an interdisciplinary approach was applied on several levels: One aspect
related to the different areas of expertise of the two researchers, who acted as lecturers. Their skill
sets were design and primary school pedagogy. Thus, the students got to know different
approaches, methodologies, and points of view out of both disciplines and could draw their own
conclusions for their later professional practice. Another aspect was related to the central learning
objective of this seminar: developing learning scenarios for elementary schools by applying
principles and methods of Design Thinking. According to Brown (2008), the core elements of
Design Thinking are described by People, Process, and Places—the so-called Triple P.

Places

PI‘OCESS

lterative || Variable
Process @ Spaces = Empathy for Users
= Visualization of Ideas

= Prototypes for Testing with Users

Multi-
disciplinary = High Fault Tolerance - “Fail to Learn”

Teams

People

Figure 3: The Triple P—Process-People-Places—and Its Principles According to Brown (2008)
Source: Hogsdal 2020

= Concerning People: As all students studied different subjects and subject combinations
at elementary level, they were asked to work in multidisciplinary teams on an
interdisciplinary output. The distribution of their subjects was as follows: with a total
of seventeen students, nine of them studied German as their first subject, four
Everyday Culture and Health (EC&H), three Mathematics, and one Art. As a second
subject six students chose EC&H, three Art, and one each Biology, Economics,
English, German, History, Protestant Religious Education (PRE), and Sport.

= Concerning Places: The students were offered different premises as flexible
workspaces: a lecture hall, in which the theoretical input took place; one work room
for textile work; and two for technical work. The entrance area of the institute served
for presentations, and a green space outside turned out to be very suitable for
brainstorming sessions. The teams were free to choose in which rooms they wanted to
work.

= Concerning Process: The overall planning of the seminar and the sequence of units
were based on the iterative DT process by HPI D-School (2007) and by d.school’s K12
Lab (2019).
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Table 1: Student Teachers’ First and Second Subjects
as a Basis for Interdisciplinary Work

N=17 First subject Second subject
1 German EC& H
2 German EC& H
3 German EC& H
4 German EC& H
5 German Art
6 German Biology
7 German Economy
8 German History
9 German PRE
10 EC&H English
11 EC& H German
12 EC&H History
13 EC&H Sports
14 Mathematics Art
15 Mathematics Art
16 Mathematics EC& H
17 Art EC& H

Source: Hogsdal 2020
Learning Goals of the Seminar
The seminar was announced with two rhetorical questions:

=  Design Thinking—a new method for the subjects Art/Crafts and GS&SS?
= How do designers actually work and what can we learn from them in terms of
designing our own learning scenarios?

The learning goals were: get to know the Design Thinking process and go through it; apply
methods and tools that are relevant for the respective process phases; develop ideas by
integrating the new methods into teaching-learning concepts for Art/Crafts and GS&SS in
regard to the guiding principle of Education for Sustainable Development (ESD) by UNESCO
(2015) as part of the BW education plan; build prototypes and present them, receive feedback
from your fellow students and instructors.

Structure, Phases, and Learning Contents of the Seminar

The seminar was conducted from May to July 2019 in the Institute of Everyday Culture, Sports,
and Health [Institut fiir Alltagskultur, Bewegung und Gesundheit] at the University of
Education Freiburg. It was divided into six learning units, which took place over three block
weekends, each in one month. The three blocks were divided into four hours each on Friday
afternoon and Saturday morning. In addition, there was self-study time between the blocks.

The seminar structure was essentially based on the six-week design sprint by d.school’s
K12 Lab, which provides three superordinate and seven subordinate phases (d.school 2019a).
Explore, also described as Discover, Create, and Learn are the three superordinate phases. They
were each processed on one weekend. The six subordinate phases Notice, Empathy, Define,
Ideate, Prototype, and Test provided the framework for working on the corresponding
exercises. During the seventh subordinate phase Share, at the end of the seminar, the teams got
the opportunity to share their acquired knowledge by presenting their prototypes as results of
their work. They received feedback from their fellow students and from the lecturers. During a
group discussion they were asked to share their personal experiences while solving the design
challenge and to express their views on the potential of Design Thinking in elementary school.



HOGSDAL AND GRUNDMEIER: INTEGRATING DESIGN THINKING IN TEACHER EDUCATION

PRE-WORK  DESIGN THINKING PROCESS during the duration of the seminar POST-WORK
Various Implementation
Pre-Studies Explore/Discover: 1st Block Discover/Create: 2nd Block Create/Learn: 3rd Block in Classroom

Topic A, A, Solution
Selection . y et d = Rollout

Figure 4: Design Sprint of d.school’s K12 Lab as a Framework of the Seminar
Source: Hogsdal 2020 according to d.school 2019

Throughout all phases, different forms of teaching were applied: frontal teaching to convey
theoretical content, practical exercises on the application of Design Thinking and phases of
research and reflection. In order to deepen their learning success between the blocks, the
students had to do tasks during their self-study time and to present them in the next unit. Thus
they shared their acquired knowledge with their fellows and got the opportunity to reflect on
their own learning process.

In the Explore phase, the students were given the possibility to express their expectations and
to get familiar step by step with the Design Thinking mindset and its principles. For this purpose,
two of the best-known d.school exercises were used: The Wallet Project (d.school) and The
Spaghetti Marshmallow Tower (d.school). In the Create phase, the students had to experience the
same Design Thinking challenge as the participants of the pre-studies, The Perfect Reading Place.
In the Learn phase, they were taught in further Design Thinking methods such as how to work
with empathy maps (strategyzer), mood boards and how to apply How-Might-We (HMW)
questions (d.school) in order to accomplish the main task—the development of learning scenarios
for the elementary subjects Art/Crafts and GS&SS. As the Design Thinking process is not linear
but iterative, methods and principles were repeated in the different phases or used in an
overarching way. At the end of each unit, there was a feedback and discussion session where
students could report on their experiences during their design exercise and ask questions. In this
way, the lecturers were always up to date about the students’ requirements and, if necessary,
could make adjustments for the further course of the seminar. Finally, they claimed to work
user-centered as well. (Hogsdal, Engeln, and Stimm 2018).

For the first three exercises, the students worked in changing teams or groups of two in
order to experience the facets of multidisciplinarity. For the main design challenge—the
development of the learning scenarios, which covered the last three units and the time in
between—they worked in a constant multidisciplinary team of four or five members. During
this period the teams were supposed to organize their work completely by themselves applying
acquired knowledge or doing own research. The lecturers were always available to answer
questions, either personally or by e-mail for the time between the blocks.
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s DESIGN THINKING PROCESS during the Students’ Seminar —

Pre-Work Explore/Discover Discover/Create Create/Learn Future Work
Done by the 1=t unit (0TS 31 Unit 5t Unit
researchers:

Preliminary studies
with teachers and
teacher trainers

Pilot studies

in elementary schools,
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Design Challenge:

The Perfect Reading
Place
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of the pre-studies by
means of qualitative
social research

Concept & Elaboration
of the students’ seminar

Query of participants’
expectations

Expert Input

on core elements and principles
of Design Thinking (DT)
Exercise:

The Wallet Project by d.school
Expert Input:

Anchoring of DT elements in the
BW education plan

Ll Empatny J

Exercise: Brain Teaser Task
Design Challenge:

The Perfect Reading Place,
presentation and group feedback
Homework:

Reflection on own teaching
experiences concerning user-
orientation, preparing a
presentation

Exercise: Spaghetti Marshmallow Tower by d.school

Presentation
of students’” homework with group feedback

Expert Input
on the results of researchers’ pre-studies

Exercises on target groups: Creating personas of
teachers and children, creating empathy maps and
mood boards

4t Unit

Expert Input on How-Might-We (HMW) questions
Theoretical Input on 17 global goals by UNESCO and
ESD in the BW education plan

Expert Input on brainstorming methods

Work phase: Idea generation about topics for
learning scenarios (LS) in Art/Crafts and GS&SS
considering ESD

Homework: Finishing Ideas and progress charts for
LS

Presentation of ideas for LS
and progress charts, group
feedback

Expert Input on the production

of prototypes and rules for
feedback

Work phase: Elaboration of
prototypes for the LS

Work phase: Completion of
progress charts and prototypes

Final presentation of all four LS
with group feedback

Open group discussion
on DT'’s potential in classroom

Anonymous questionnaire
survey on the whole workshop
and DT's potential in

classroom

To be done by the
researchers

Evaluation

with regard to the
requirements of the BW
education plan, further
development of the LS

Implementation
of the evaluated LS
in classroom

Evaluation
by means of qualitative
social research

Conclusion
on the potential of DT
in classroom

Derivation
of guidelines for
teacher education

Figure 5: The Interdisciplinary Students’ Seminar Embedded in Previous and Future Research

Source: Hogsdal 2020

Description of the Seven Phases and the Respective Learning Contents

1st Unit: May 17, Friday Afternoon - Phases: Notice of Expectations and Biases,
Empathy with Design Thinking

By means of a query of expectations the students were asked about their motivation for
participating (Hogsdal, Engeln, and Stimm 2018); “Before beginning a Sprint, it’s important to
acknowledge the teacher designers’ beliefs & biases and understand their impact on the Sprint”
(d.school 2019, 12). On green, red, and yellow Post-it notes, students should accomplish the
following phrases: this should happen (green), this should not happen (red), the seminar would
be successful for me, if ... (yellow). The aims of this query were “crafting clarity, focus on
human values and radical collaboration right at the beginning of the seminar” (d.school 2019,
12). Afterwards, the students were given a theoretical introduction to Design Thinking with a
focus on its core elements and its principles (Figure 3). As Design Thinking is more about
practice and less about theory, they immediately got their first design challenge in order to
experience its practical impact. In groups of two, they worked on The Wallet Project (d.school).
The focus of this exercise was on user-centered thinking and acting. Thus, students should learn
to distinguish between their own requirements and those of their partners.

Figure 6: Student Teachers Working on The Wallet Project
Source: Hogsdal 2020
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2nd Unit: May 18, Saturday Morning = Phases: Empathy with Design Thinking and
Empathy with Users

This unit was dedicated to practical work and to acquire further Design Thinking skills. As a
warm-up exercise, the students solved a brain teaser task. They were supposed to connect nine
dots in a square with four straight lines without removing the pencil from the article. Afterwards
they were divided into teams of four and worked on the design challenge The Perfect Reading
Place. They worked along all phases of the iterative Design Thinking process by HPI D-School
(2007). The methods and principles used in this exercise were taken from the Bootleg Boot
Camp (d.school 2018); they were printed on large posters and displayed in the entrance hall.
Students saw them whenever they passed by and could gradually internalize them. As empathy
with users is such an important requirement of the Design Thinking mindset, the students had to
conduct an Interview for Empathy (d.school 2018). In teams, they developed an interview guide,
went outside the campus, and questioned unknown persons about their reading habits. Back in
the seminar room, they started the Point of View phase by writing all answers on Post-it notes in
order to visualize the obtained insights of their target group. Their evaluation formed the base
for their Ideation and Prototyping of The Perfect Reading Place. After the presentation of their
prototypes, group feedback, and reflection on the results, the students were given a new task
they had to do at home to present it six weeks later in the next session:

=  Choose a lesson you already taught, reflect on what went well and what went wrong,
name possible reasons why. Keep user orientation in mind. Present the lesson and your
reflections on it in the upcoming unit in June.

Figure 7: Student Teachers’ Results on 7he Perfect Reading Place
Source: Hogsdal 2020

3rd Unit: June 28, Friday Afternoon - Phases: Define Knowledge on Own
Experiences, Define Target Groups

As a warm-up exercise and get-together after six weeks, the students were given the Spaghetti
Marshmallow Tower challenge by d.school. Thereafter, they presented their homework on
teaching experiences with reflections on user orientation. After a feedback by fellows and
lecturers, the students received an expert input about the researchers’ pre-studies. They learned
about the results of the Design Thinking workshops conducted in BW and Switzerland, and
gained insights into the requirements of these target groups in order to apply Design Thinking in
classroom. They also gained insights into the children’s prototypes and their statements
obtained in the first pilot study at an elementary school.

Based on that input, the students did exercises on target group analysis (d.school 2018).
When designing a learning scenario, both teachers and children are to be considered as target
groups. In teams of four, the task was to elaborate personas using empathy maps (strategyzer)
and mood boards (d.school 2018). The results had to be presented at the end of the unit.

11
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Figure 8: Student Teachers Working on Empathy Maps and Mood Boards
Source: Hogsdal 2020

4th Unit: June 29, Saturday Morning => Phases: Define Point of View, before
Creating First Ideas

Based on the personas and mood boards, which visualized the requirements, wishes, and needs
of their target groups, the students now learned how to formulate HMW questions. These
questions are a method to clarify the design challenge in order to bring about a solution
(d.school 2018). The subsequent task was about research on the guiding principle Education for
Sustainable Development (ESD) in the BW education plan (Ministerium fiir Kultus, Jugend und
Sport Baden-Wiirttemberg 2016) and how to include it into the learning scenarios for the
subjects Art/Crafts and GS&SS.

After an expert input about brainstorming methods, four student teams developed ideas for
topics to be realized as learning scenarios for the two subjects and presented them at the end of
this block. Feedback from fellows and the lecturers helped the teams to reflect on their transfer
to real life. As homework for the last block in July, the students were to work out out how to
implement their gathered ideas and the obtained feedback into learning scenarios in a way that
was appropriate for their target group—elementary schools teachers as well as third and fourth
graders. The upcoming presentation should also include course planning, progress charts,
specification of learning goals, and a list of materials to be used by children for the construction
of prototypes.

Figure 9: Development of HMW Questions. Translation of the Headlines above the Post-it Notes:
Users — Insights —Design Options
Source: Hogsdal 2020
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5th Unit: July 12, Friday Afternoon-> Phases: Ideate and Prototype the Learning
Scenarios

The teams started with a presentation about their further developed topics and the respective
progress charts for the four different learning scenarios—each two for Art/Crafts and GS&SS.
After the feedback, they were given a theoretical input about various kinds of prototyping,
approaches to the construction, and feedback rules according to d.school (2018). In this context,
it is important to emphasize that in principle the entire learning scenarios as well as the progress
charts are prototypes. The term “prototype,” which is used in this context, refers to the artefacts
that children are supposed to build at the end of a learning scenario. According to Wyss (2016),
the construction of artefacts helps children to have a better understanding of the learning
content. During this unit, the teams spent most of their time with the construction of prototypes.
The lecturers stayed in the background but were present to answer questions if necessary. After
an interim presentation at the end of the lecture, the teams were given time to continue their
work with access to all rooms and equipment they needed beyond the official end of the lecture.

6th Unit: July 13, Saturday Morning - Phases: Prototype, Test, and Share

In this last unit, the students completed their prototypes. The focus, however, was on the final
presentation. It took place in the institute’s entrance hall, so that additional academic staff
members or students who happened to pass by also could be part of it. The students in the
plenum were asked to give feedback to the presenting teams according to the rules they learned
the day before. In this context, the presentations can also be seen as a pre-test with users, since
all student teachers will be users of learning scenarios in their future professional lives.

In a final group discussion, as part of the seventh phase Share, the students were asked to
report on their learning achievements and personal experiences with Design Thinking
throughout the seminar (d.school 2019). They were also asked for their opinion on the potential
of Design Thinking in teaching and learning in regard to fostering creativity, problem-solving
skills, and collaborative work. The designer led the group discussion. Her moderation was
based on a partially standardized questionnaire in order to encourage the students to speak
freely (Kiihn and Koschel 2018).

As group discussions are a valuable tool of qualitative research, we also applied it in our
preliminary studies. The goal of group discussions is not only to query the participants’
opinions on certain topics, but also to give a special space that enables individuals to deepen
and reflect on their own experiences within the framework of the group because “we never live
without groups, we grow up in groups, are educated in groups, work in groups, and are part of
groups of friends” (Kiihn and Koschel 2018, 42). Right after the group discussion, the students
were invited to take part in an anonymous questionnaire survey conducted by the university’s
quality management. It was about general topics of the seminar and different aspects concerning
Design Thinking in teaching and learning.

Results

The following sections give an overview of the seminar results. First, we present the prototypes
of the learning scenarios. The documentation is divided into five topics: thematic areas; aspects
of ESD; social skills to be acquired by the children according to the BW education plan
(Ministerium fiir Jugend, Kultus und Sport Baden-Wiirttemberg 2016); description of the
prototype and how children are supposed to work on it; student teacher’s multidisciplinary
expertise within their teams.

After the documentation of the prototypes, the results of the group discussion and the
anonymous questionnaire survey are presented. The latter is divided into the subsections:
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“responses to qualitative questions in free-text fields” and “Responses indicated on the five-part
Likert scale.” All statements have been translated into English by the authors.

First Learning Scenario for GS&SS: Flat-sharing Community for Insects

14

Thematic areas: Animals and plants in their habitats, importance of natural resources for
humans and animals, knowledge of different insect species and their respective habitats.
Aspects of ESD: Get to know the importance of sustainable development, create
awareness of its complexity, dynamics and threats, use of natural materials for the
construction.

Social skills to be acquired: Mutual support in handling materials and tools, team
coordination in decision-making situations.

Prototype: Children work in teams to build spaces for different species of insects. In
the end, all the spaces will be assembled into a whole building. The goal is to foster
sensitivity and awareness for the habitat of insects and their requirements. On the
school campus, the “Flat-sharing Community for Insects” will be visible and offers the
opportunity to be experienced by other children, teachers and parents.

Student teacher’s expertise within the team: EC&H-English, EC&H-German, German-
EC&H, German-History, German-PRE.

s - m

Figure 11: Student Teachers Working on the Prototype “Flat-Sharing Community for Insects”
Source: Hogsdal 2020
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Second Learning Scenario for GS&SS: Biotope for Batman

=  Thematic areas: Animals and plants in their habitats, importance of natural resources
for humans and animals, knowledge of insect species and their usefulness for bats.

= Aspects of ESD: Importance of natural resources for humans, animals and plants,
significance and threats to sustainable development, its complexity and dynamics,
getting to know criteria for actions that both promote and inhibit sustainability,
reflection on environmental pollution and its effects, reflection on dealing with natural
resources in general.

=  Social skills to be acquired: Ability to work collaboratively, empathy for the
requirements of animals in their habitats.

= Prototype: Children build a habitat as a functioning ecosystem for bats and insects.
Different teams work on different parts of an ecosystem such as watercourses, protected
areas, and food sources. This prototype is supposed to be transferred into real life.

= Student teacher’s expertise within the team: EC&H-History, German-EC&H, German-
EC&H, German-EC&H.

Figure 12: “Biotope for Batman”; Prototype and Sketch
Source: Hogsdal 2020
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First Learning Scenario for Art/Crafts: Dream House

16

Thematic areas: Architecture, building design, mobility, living in different cultures,
types of housing according to the requirements of the residents.
Aspects of ESD: Using waste of paper, plastic and textiles as working materials,
redesign of useless objects to give them a new meaning, up-cycling in order to create
awareness of sustainability.
Social skills to be acquired: Values and norms in decision-making situations, tolerance
and openness for different requirements, participation, involvement, co-determination.
Prototype: A building with a threefold function: Statically standing on the ground,
floating, and flying. For its construction, children work in teams on the different
rooms, which in the end are put together to form a whole building. This way, they
learn how the different requirements of the residents can be both respected and
combined.
Student Teacher’s expertise within the team: Mathematics-Art, Mathematics-EC&H,
Art-EC&H, German-Biology.

Y T T —

Figure 13: Student Teachers Working on the Prototype “Dream House” Using Waste Materials
Source: Hogsdal 2020
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Second Learning Scenario for Art/Crafts: Roller Coaster Driven by Sustainable Energy

Thematic areas: Different forms of renewable energy, different forms of mobility and
drive.

Aspects of ESD: Waste of paper, plastic and textiles as working materials, sustainable
design of one’s own living environment.

Social skills to be acquired: Becoming aware of one’s own experiences and thoughts,
being able to appropriately communicate one’s experiences and interests and at the
same time being able to perceive and respect those of others, reflect and respond to
basic feedback.

Prototype: Children build different roller coasters in teams. They should be driven by
renewable energies or by fictitious forms of energy. The goal is to raise children’s
awareness for sustainability through fun.

Student Teacher’s expertise within the team: German-Economy, German-Art, German-
Mathematics, EC&H-Sports.

Figure 14: Waste Materials Used in a Creative Way for the Construction of
“Roller Coaster Driven by Sustainable Energy”
Source: Hogsdal 2020
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Results of the Group Discussion

All students (N = 17) took part in the group discussion. After they had given their written
consent, their statements during the discussion were recorded with an audio device. The
recordings were then transcribed and evaluated using qualitative content analysis (Kuckartz
2016). Two main-categories emerged: benefits for teachers and benefits for children. Within
benefits for teachers, the sub-categories planning the lessons, structure while teaching,
overarching character, and promoting competencies emerged. Within the main category benefits
for children, the subcategories learning to ask questions, social aspects, encouragement,
strengthening will, and self-expression came to light. The statement in the bottom line can be
seen as a synthesis of both benefits.

Table 2: Students’ Comments Obtained in the Group Discussion

Benefits for Teachers Benefits for Children
You don’t have to take extra time for it, you can | Developing interview questions can help children to
integrate it well into regular lessons. ask the right questions on a topic
It helps to save preparation time in Art lessons. The social aspect is very good, children can learn
Throughout the entire teaching process, the from an early age that cooperation leads to better

structure only needs to be filled in with different | results.
activities by the children.

You can use it across different subjects — e.g., in | It encourages children to just try something, even if
history — how did people live in certain eras? The | it doesn’t work right away. When children have a
answers can be found by children’s own research | goal in mind and try to achieve it, many different
and building prototypes. skills can emerge.

I can imagine using this method, because it Strengthens the will and motivation of children to
promotes many competencies — especially those implement something in their own way.
from the education plan.

Teachers only need to prepare the learning environment in order to give children the
opportunity to learn in a self-determined way.

Source: Hogsdal 2020
Results of the Anonymous Questionnaire Survey

All students (N = 17) took part in the anonymous questionnaire survey, which contained
quantitative and qualitative items. It was conducted by the university’s quality management
department and carried out with paper and pencil at the end of the final session. It contained a
total of twenty-six questions about general topics of the seminar and ten on different aspects
concerning Design Thinking in teaching and learning. The quantitative items based on a five-
part Likert scale. For seven qualitative questions, the students were given the opportunity to
provide their own comments within free-text fields.

Responses to Qualitative Questions in Free-Text Fields

In the following, we highlight the responses regarding the benefits and limitations of Design
Thinking in elementary schools. Fifteen out of seventeen students used the free-text fields for
comments on the benefits of Design Thinking. A total of twenty-five benefits were named
within fifteen answers. According to the number of responses, seven benefits relate to
creativity, five each to the development of individual ideas as well as to collaboration and group
dynamics. Four responses state that it is a new, innovative and diversified method, and another
four refer to participation, co-determination, decision-making, and responsibility. Fourteen out
of seventeen students made individual comments on the limitations of Design Thinking. In this
case, one limitation was named per answer. Nine out of fourteen refer to time boundaries, three
to the requirement of too many different materials, and one each to user-centeredness that is not
necessary or the difficulty of children to drop their own opinions.
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It is noticeable that the answers concerning the benefits show great similarities to those
given in the open group discussion. As far as limitations are concerned, there are variations. In
the group discussion, no limitations were mentioned by the students. It is obvious that students,
if they are specifically and anonymously asked about limitations, name some. The most salient
limitation relates to time boundaries, nine out of fourteen refer to it.

Benefits of Design Thinking Limitations of Design Thinking
8 10
7
9
6
5 8
4 7
3 6
2
5
1
0 4
M Creativity

Development of individual ideas 1 - -
0

M Collaboration and group dynamics i .
m Time boundaries

B A new, innovative and diversified method Too many different materials are required

L. L . H User-centeredness is not useful in classroom
Participation, co-determination, decision

making, responsibility W Difficulty for children to drop their own opinions

Figure 15: Student Teachers’ Comments Concerning Benefits and Limitations Indicated in Free-Text Fields
Source: Hogsdal 2020

Responses Indicated on the Five-part Likert Scale

The agreement to the questions in the quantitative part of the questionnaire had to be indicated
on a five-part Likert scale containing the options: full, rather, partial, less, and not at all.

Concerning general topics of the seminar, more than 82 percent consider the requirements
of the seminar to be appropriate, over 70 percent fully agree that the climate among the students
was very good and over 23 percent agree that it was rather good. Another 70 percent fully agree
that the lecturers behaved appreciatively toward the students, 30 percent agree that they did
rather. Thirteen out of seventeen participants state that they were able to explain the main
contents of the seminar to other people.

With regard to the potential of Design Thinking in elementary schools, thirteen out of
seventeen see potential, three of them agree fully, and ten rather. Sixteen out of seventeen think
that Design Thinking offers potential for teaching Art/Crafts, seven of them agree fully, and nine
rather. Fourteen out of seventeen think that Design Thinking offers potential for teaching GS&SS,
six agree fully, and eight rather. Concerning the potential of Design Thinking promoting twenty-
first-century skills in children, such as creativity, the ability to solve problems, and to work
collaboratively, fifteen out of seventeen are of the opinion that Design Thinking has the ability to
promote children’s creativity, eleven of them agree fully, and four rather. Sixteen out of seventeen
think that Design Thinking can promote children’s problem-solving skills, five of them agree
fully, and seven rather. Fourteen out of seventeen think that Design Thinking offers potential
promoting collaborative work, four of them agree fully, and eight rather.
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General Topics
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Figure 16: Student Teachers” Responses Indicated on the Five-Part Likert Scale of the Questionnaire (N = 17)
Source: Hogsdal 2020. Data adapted from the Vice-Rectorate for Teaching and Studies, University of Education Freiburg
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Discussion

The students’ statements give cause for optimism concerning the further research process. The
vast majority fully agrees that Design Thinking promotes children’s creativity. With regard to
the promotion of problem-solving skills and collaborative work, the students were more
hesitant. On these points, the predominant agreement in the five-part Likert scale was not “full”
but “rather.” This may have been due to the fact that the questions had to be answered
hypothetically. The students replied based on their assumptions, which referred to their
experiences during the seminar, as they did not have the opportunity to test their learning
scenarios with children in real classroom settings. The students also see Design Thinking as a
method that provides teachers with a structure for both planning lessons and classroom
teaching. Such a structure can lead to more confidence in one’s own creativity and teaching
skills (Rauth et al. 2010; Lipowsky and Rzejak 2012; Scheer, Noweski, and Meinel 2012). The
students are also of the opinion that a structure, once established in classroom, could enable
children to learn in a creative and independent way, in which learning contents can be self-
explored (Largo 2019).

Their opinions are also very close to the children’s statements in the second pilot study
(Hogsdal and Grundmeier 2020). The evaluation of the group interviews and the final group
discussion revealed the following categories, sorted by the frequency of their mention: working
in groups, developing one’s own ideas, conducting interviews with children from other classes,
handling materials, and dealing with mistakes. The children named the following working
modes being completely new for them: working in groups for longer than a week and with
children who were not their friends, independently developing ideas and really putting them
into practice, interviewing children from other classes and using their input for further ideas.
When asked what they liked most about the project and where they had learned the most, they
named those three topics (Hogsdal and Grundmeier 2020). This is consistent with Engel and
Randall (2009), as curious children acquire more information and reach a greater level of
comprehension. Also Largo (2011) states that self-directed learning enables children to acquire
learning and problem-solving strategies, which lead to a stable self-esteem, and that learning
experiences are just as important as the acquisition of skills and knowledge. The three working
modes named by the children require and offer a high degree of individual initiative and self-
control. A boy in our study described his experiences: “I liked that we worked in groups, where
you can exchange ideas and make a big, good thing together out of all the ideas” (Hogsdal and
Grundmeier 2020, 41). Further statements of the children show similarities to Bell’s results in
her study about Project Based Learning (PBL): “Students [children] learn the fundamental skills
of productive communication, respect for others, and teamwork while generating ideas
together” (Bell 2010, 41). This again coincides with the students’ comments in the free-text
fields according to which Design Thinking promotes a lot of further competencies. Their
responses also show great consistency with those of teachers in the study by Retna (2016).

In the group discussion, the students state to see Design Thinking as a method, which
connects different subjects in an interdisciplinary way. Even third graders who have participated
in our study answer that they could imagine a Math or a German class to be conducted the same
way they did with The Perfect Reading Place. According to their statements, they could calculate
the material needed when building the prototypes, and for the interviews, they could think up
questions and write down the answers; this view was also expressed by their class teacher
(Hogsdal and Grundmeier 2020). In summary, all three target groups—children, teachers, and
student teachers—independently perceive the overarching character of Design Thinking.
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Conclusion

The study has its limitations. Further research is needed to confirm the findings described in this
article. At the current state of our research, it looks like Design Thinking applied in BW
elementary classroom has the capacity to enhance creativity, collaborative work, and problem-
solving skills as twenty-first-century skills. Trainers, teachers, and students see creativity being
fostered the most, whereas children see the focus on collaborative work. Both children and
teachers state that working in groups helps children to solve problems more than if they had
worked on their own. Children very much appreciate the self-directed work, which allowed the
free development of ideas. In addition, they are grateful to be allowed to turn their ideas into
real 3-D objects as prototypes.

As described in previous studies with BW and Swiss educators (Hogsdal and Grundmeier
2019), the students in this study and the class teacher in the second pilot study also showed
themselves hesitant about applying Design Thinking in their own teaching practice—although
all of them state to believe in its positive impact on children’s learning and self-esteem. That
leads to the conclusion that in teacher education more training in Design Thinking is needed, as
its repetition helps to create mindsets able to build creative confidence (Rauth et al. 2010).

So far, Design Thinking has been mainly used in time-limited project-based learning
scenarios, but if it is increasingly applied as an academic-based teaching and learning method,
there is a good chance that it will find its way into the curricula (Lor 2017). Our research is
directly related to the BW educational plan for elementary schools, due to the similarity of the
Design Thinking process with the process-oriented competencies of the subjects we
investigated. Therefore, we see good opportunities for further research in this field.

Future Outlook

The students’ learning scenarios were supposed to be tested and evaluated in elementary school
classes. Due to the worldwide Covid-19 pandemic associated with school closures, the
implementation had to be postponed from Spring to Fall 2020, and the learning scenario 4
Biotope for Batman had to be reworked into A Biotope for Kestrels. This became necessary
because of negative associations with bats as a possible source of SARS-CoV-2 virus, which
would have severely compromised the field study with children and teachers. From October to
November 2020, the learning scenarios Roller Coaster Driven by Sustainable Energy for
Art/Crafts and 4 Biotope for Kestrels for GS&SS were conducted in different classes at the
same elementary school. The evaluation is supposed to provide a statement about the potential
of Design Thinking in BW elementary school classrooms in order to answer the research
question of the overall research project. The study will be the topic of a forthcoming article. Its
results and conclusions are intended to derive guidelines for teacher education.
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