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Abstract—Can digital competencies be acquired by solving 
real problems? The educational intervention MadeByKids called 
an external educational provider to 17 schools to conduct a series 
of workshops, having pupils age 7 – 12 solve challenges such as 
designing the schoolbag 4.0 or the future classroom. The 
workshops were designed by adopting the Stanford Design 
Thinking Method for Kids (http://www.ideaco.org) and digital 
technologies with the goal to “teach” children computational 
thinking, collaborating in teams, resolving conflicts, presenting, 
giving/receiving feedback, etc. In this paper, we take a 
participatory action research (PAR) approach with the goal of 
exposing significant chunks of the incredibly rich experience. A 
content analysis of a qualitative survey among teachers and 
findings from a focus group reflect the teachers’ view. The study 
indicates that the acquisition of digital competences needs to be 
backed by personal and social capacities that take time to 
mature. Furthermore, we learned that the children’s teachers 
must be included consistently to ensure their cooperation and 
improve sustainability. Besides providing inspiration for 
teachers, implications for teacher education are derived and the 
national project is related to the findings from studies conducted 
abroad in order to contribute to constructive educational 
innovations crossing national boundaries. 

Keywords— 21st century competences; digital competences; 
design thinking; computational thinking; school; challenge; 
teacher education; sustainability 

I. INTRODUCTION  
“Could we possibly permit students to come in contact with 

real issues?” [1] This question has challenged the educational 
system for more than half a century. We complement the 
question by asking: “Can 7 – 12 year-olds build digital 

prototypes of real issues?” While the response has been 
positive for the vast majority of children who participated in 
the MadeByKids project, this paper explores the teachers’ view 
and what can be learned for providing engaging, timely, and 
sustainable education. 

The essence of this work closely matches key 
recommendations of Informatics Europe and the ACM Europe 
Working Group on Informatics Education [2]. These 
recommendations call for developing creative solutions 
involving teachers and experts and demand encompassing 
education in digital literacy to start at an early age. For 
example, Recommendation 1 says: “All students should benefit 
from education in digital literacy, starting from an early age 
and mastering the basic concepts by age 12. Digital literacy 
education should emphasize not only skills but also the 
principles and practices of using them effectively and 
ethically.” 

Accordingly, the MadeByKids educational intervention 
underlying the research described in this paper was targeted, 
amongst others, at the following goals:  

• Find out, what pupils learn and how they manage to 
work with digital tools, their hands, heads, and whole 
bodies when challenged and accompanied by skilled 
coaches to solve concrete tasks that matter to them.  

• Investigate how teachers perceive the educational 
innovation and in how far they feel competent and 
willing to integrate their new experience and insight 
into their teaching.  
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• Investigate in how far the adopted Stanford Design 
Thinking Method and digital technologies for prototype 
construction are appropriate to meet the learning 
outcomes specified for a series of three half-day 
workshops.  

• Investigate in how far the chosen learning design for K2 
– K6 pupils can be conducted at the respective schools. 

• Analyze how various stakeholders react to the results of 
the intervention. Based on these insights, design the 
next iteration of a program that is aimed at promoting 
computational thinking hand-in-hand with personal and 
social competences needed to be developed to meet the 
challenges of our society and economy.  

Related Work. Similar goals are followed by [3] who ask 
the question: “Can design education have a positive impact on 
primary school education beyond merely preparing designers?” 
After a detailed literature analysis, they conclude that “in 
addition to meeting traditional education demands, design 
thinking principles in children’s education, such as empathy, 
collaboration and facilitation, human-centeredness, and 
creativity by iterations of prototyping and testing, will [...] lead 
to higher engagement at school and greater success in life.” We 
conclude that projects like MadeByKids, aiming to gain 
concrete experience with promoting design thinking principles 
in children’s education [4], [5] are crucial since the research 
and experience gained are needed for a broader implementation 
of the promising pedagogical-technological innovation. At an 
academic level, [6] came to a similar conclusion for changing 
teaching and learning practices in engineering to stimulate 
more collaborative, inquiry-driven processes. Moreover, 
several case studies on how design thinking approaches can 
transform teachers, learners, and classrooms are thoughtfully 
described in [7], considering tensions as well as creative and 
collaborative potentials. The findings grossly resonate with 
those of our own previous case study in design thinking for 
kids [5] that emphasized the effects of the MadeByKids 
intervention on children’s learning, attitude towards coding, 
memories from and satisfaction with the workshops. While 
most kids were enthusiastic about the interactive learning 
experience, a few did not join in or were not allowed by their 
parents to appear on videos and, hence, felt excluded. This 
issue needs thoughtful, flexible solutions. 

While design thinking and challenge-based learning appear 
to be educational innovations, their foundations are rooted in 
experiential learning [1], [8], [9] problem-based learning [10] 
and critical pedagogy [11]. As Cator [12] explains, the term 
“challenge-based learning” typically includes digital 
technologies to solve real issues and came up in the early 
2000s. 

Intriguingly as early as 1961, Rogers [1] characterized the 
importance of real challenges coupled with a facilitative 
learning climate: “The hypothesis upon which he [the teacher] 
would build is that students who are in real contact with life 
problems wish to learn, want to grow, seek to find out, hope to 
master, desire to create. He would see his function as that of 
developing [...] such a climate in his classroom, that these 
natural tendencies could come to their fruition.” An interesting 
issue that Rogers phrased more than half a century ago, namely 

the lack of trust in learners, still may be valid today and hinder 
progress [1]: “Another issue is whether we could permit 
knowledge to be organized in and by the individual, or whether 
it is to be organized for the individual. Here teachers and 
educators line up with parents and national leaders to insist that 
the pupil must be guided. He must be inducted into knowledge 
we have organized for him. He cannot be trusted to organize 
knowledge in functional terms for himself.” 

The unique contribution of our work is the (trusting) 
workshop design including digital prototyping and the 
accompanying research design. The former targets combining 
the learning of computational thinking and digital literacy with 
maker-activities [13] and experiential learning of interpersonal 
competences [8] by using and adapting the creative framework 
of the Stanford Design Thinking Method [14], which will be 
described in the second chapter.  

The research design reflects the complexity and the novel 
aspects of the educational intervention. The overall action 
research framework allows us to include the experience, 
perspectives and learning of all stakeholders and educational 
technologies providers. Moreover, the triangulation of various 
methods such as pre-test post-test surveys, focus groups, 
observations and video-analysis provides a rich picture of the 
intervention with its effects and, thus, enables rich learning for 
the second and wider cycle of educational interventions to 
follow the first action research cycle described in this paper.   

Audience. Overall, this work will interest educational and 
research staff, action researchers, educational and academic 
representatives of ICT enterprises, learning technologists, 
educational policy makers, teacher trainees and teacher trainers 
in academic and continuing education settings. We hope to 
inspire some of these audiences to embark on the challenge of 
modernizing education in order to support kids to not only 
become more competent but also more motivated to learn and 
be happier in their school years and to learn in the most 
versatile ways to interact and solve relevant issues rather than 
remaining passive and primarily stuffing their heads with 
premade facts stemming from the adults’ frame of reference. 

Results. Survey results, outcomes of handling challenges, 
and our experience in the workshops unanimously show that 
pupils tend to be surprisingly fast in learning to think 
computationally and even to code simple instructions. They let 
themselves be challenged to present their prototypes in front of 
a camera and give feedback to others. Importantly, the vast 
majority - if not all of them - enjoy this kind of active, vivid 
learning.  

Stakeholders tending to be most wary, critical and 
suspicious are teachers, some of whom seem to feel threatened 
by the innovation. An intriguing insight we gained from the 
project was that while the majority of teachers and children 
highly welcome the fresh educational experience, care must be 
taken to carefully include teachers in all phases of the project. 
This would help to prevent or handle the phenomenon that 
some teachers experience and fear a loss of control in their 
class, remain skeptical, lack organizational rigor, dislike digital 
devices, and defend their safe, classical role as experts and 
keepers of control and order in class.  



II. PEDAGOGICAL AND TECHNOLOGICAL ASPECTS OF THE 
MADEBYKIDS INTERVENTION 

Aspired learning outcomes on the side of each child 
included: 

• Solving real challenges from their life context in small 
teams by being guided through the problem solving 
process via (an adapted version of) the Stanford Design 
Thinking Method for Kids [15] 

• Getting a first-person experience of computational 
thinking and coding in a small team  

• Being able to present the team’s achievement/product in 
front of a camera and conduct an interview 

• Being able to give helpful feedback and to receive 
feedback; 

• Getting evidence on one’s - i.e. both boys’ and girls’ – 
creative ability to build and present a material as well as 
digital prototype to resolve a given challenge.  

These learning outcomes call for the following three focal 
issues that are going to be described below: 

• Learning scenarios providing challenges from the 
children’s life context 

• The adaptation of the Stanford Design Thinking Method 
for Kids 

• The use of appropriate digital technologies to support 
computational thinking and digital prototype 
construction 

Challenges. As described above, learning scenarios 
providing appropriate challenges – problems perceived as real 
in the kids’ context - are known to have strong motivating and 
engaging effects. As Rogers [1] hypothesized: “students who 
are in real contact with life problems wish to learn, want to 
grow, seek to find out, hope to master, desire to create.” 
Particular challenges tackled in the MadeByKids project were 
the design of a classroom of the future, a schoolbag 4.0, a 
future kidsroom, a scenario of the future world, and robots at 
school. Below we describe the general process that was 
followed to meet a challenge. 

Adaptating the Stanford Design Thinking Method for 
Kids [15]. The workshops were designed by adapting 
SDTMfK as a generic process for problem solving. The 
intention behind this choice was to “revoke” the positive 
experience with SDTMfK from the US and UK and to deliver 
an inspirational new “teaching” - better learning – experience 
not requiring expensive technological equipment. In a nutshell, 
design thinking guides complex problem solving by following 
five steps [14]: 

1. Empathizing: Understanding the human needs involved. 
2. Defining: Re-framing and defining the problem in human-

centric ways. 
3. Ideating: Creating many ideas in ideation sessions. 
4. Prototyping: Adopting a hands-on approach in 

prototyping.  
5. Testing: Developing a prototype/solution to the problem. 

While SDTMfK was used as a guide, it needed to be 
adapted to include digital technologies for prototyping and fit 
everything into a frame of exactly three half-days (about 3 
hours each) workshops. The adaptation of SDTMfK and its 
mapping into three half-day workshops is described in Section 
four.  

Educational technologies. We selected Micro:bit, LEGO 
Education, and Minecraft Education Edition on the basis of 
their provision of functionality appropriate to solving the 
challenges, their usability by kids, their availability, a short 
learning curve, and an accessible documentation. 

III. RESEARCH APPROACH  

A. Research questions     
The central theme of the MadeByKids project can be put as 

follows: How can computational thinking, digital- and 
interpersonal competences be effectively promoted in schools 
(K2 – K6) with traditional structures?  

Within this broad topic, a previous paper focused on 
various aspects of the children’s learning and their perception 
of the workshops [5]. Here we just refer to the kids’ learning 
and focus on the following questions: What was the rationale 
behind the design of the intervention and how were the 
workshops conducted? What effects did the series of three 
workshops have on 

• Teachers’ attitudes towards such workshops  

• The teachers’ own teaching practice and goals 

• The facilitating team in terms of further development of 
such workshops and insight on sustainably promoting 
computational thinking and interpersonal competences 
in the (Austrian) school system? 

• Various stakeholders from politics, education, and 
industry 

B. Action Research as applied in the MadeByKids 
Intervention   
Action Research has been gaining recognition for tracking 

the introduction of new media into innovative teaching and 
learning [16], [17]. Pioneering teachers/facilitators are likely to 
combine research with practice in acting as reflective 
practitioners in their own courses. This blend is known as 
Participatory Action Research (PAR) [18]. In this research, we 
take up Susman and Evered’s [19] proposal that suggests that 
action research typically proceeds in cycles consisting of five 
phases: Diagnosing, action planning, action taking, evaluation, 
and specifying learning. Thus, we view the MadeByKids 
intervention as one PAR cycle into which we include 
complementary research methods for improving the evaluation 
of specific aspects of the intervention. For example, the 
teachers’ view is investigated by a mixed qualitative and 
quantitative pre-test post-test survey design. This PAR 
extension allows us to deal more systematically with particular 
research questions, such as the effects of the workshops on the 
teachers’ own teaching practice. 



PAR as overall research framework was chosen for several 
reasons. It satisfies the need for a multi-perspective, 
participative and iterative approach. Since there was little 
evidence from literature for this educational intervention, 
investigating real-life activities and phenomena helped to 
deeply understand the intricacies and dynamics of the field and 
its stepwise transformation. 

Moreover, presence in the field allowed for the use of a 
variety of sources such as existing tool training material from 
the industry, and data elicited through interviews, surveys, 
observations, videos, and a focus group. This blend supported 
integrating the DaVinciLab’s practices with the actual 
childrens’ and organizational demands in each classroom. 

In order to provide focus in the PAR description, we 
selected the following key-issues that are given priority over 
multiple other issues that we encountered while studying the 
intervention:  

• What did children do and accomplish in the workshops? 

• What did teachers expect from the workshops and what 
role did they expect to play during the workshops? 

• Were the teachers’ expectations regarding the 
workshops fulfilled? 

• How did teachers perceive the workshops and how did 
they characterize the role they actually played during 
the workshops? 

• Would teachers use digital devices more (or less) often 
in class after the workshop experience? 

• Would teachers and pupils recommend the workshops 
to others? 

• What were the learnings of the whole team and 
stakeholders regarding the educational innovation and 
which significant insights did they take with them?  

C. Methods Used Within the Action Research Framework  
Data collection from survey with teachers. The basic idea 

behind the pre-test post-test survey design was to find out 
about teachers’ attitudes and thoughts in connection with the 
intervention before and after the workshops. For this purpose, 
we constructed a pre-test and a post-test questionnaire for 
teachers. We asked them to fill out the pre-test questionnaire 
before the beginning of any workshop, and the post-test 
questionnaire after the last workshop, even though the exact 
time when the questionnaires were to be filled out was not 
specified exactly in order to leave teachers some flexibility.   

The pre-test and post-test questionnaire for teachers had a 
mix of open- and closed-ended questions. The full 
questionnaires (in English or German) can be obtained from 
the authors. 

Data analysis from survey with teachers. For the closed-
ended questions we used descriptive statistics, since no 
hypotheses were tested and we wanted to simply describe the 
data. For the open-ended questions, qualitative content analysis 
was used [20]. To analyze the teachers’ free-text responses for 
each question – these tended to amount to 0-4 sentences per 

response – one researcher read all responses, suggested 
categories, counted the number of occurrence of statements per 
category, and associated characteristic responses to each 
category. Thereafter, a second researcher checked the 
categories and counts per category and, in some cases, 
suggested to refine or revise the categories, producing his own 
associations. Then the two researchers compared their analysis 
results. They agreed upon a revised category system and 
statement assignments and counts per category after two 
iterations. They also agreed upon a selection of question-
response items from the whole data set to be included in this 
paper to best characterize the teachers’ perspective under given 
length limitations. The full set of findings can be obtained from 
the authors. 

Focus groups with teachers. Two focus groups with 
teachers were organized. The first took place at the beginning 
of the project. In the spirit of a kick-off meeting, the goals were 
to share expectations regarding the project. As a result, teachers 
produced ‘profile-sheets’ of themselves. The second focus 
group took place in the friendly atmosphere of the DaVinciLab 
after all workshops were completed. It served as a means for 
reflection and feedback. After informal sharing, flip-charts with 
sticky notes on what teachers liked and did not like were 
produced and discussed with the facilitating team and the 
researchers, providing valuable feedback. 

Video-analysis of workshops and their results. 
Facilitators documented parts of the workshops with photo and 
film in order to capture essential phases and preserve an 
impression of the atmosphere in each class for further 
reflection and analysis. Presentation challenges for children 
were scheduled at the definition, ideation, and prototyping 
stages to iteratively train pupils’ presentation skills on the one 
hand and to allow for video-documentation of the results and 
effects on the other hand. In sum, more than 30+ movies of 
8min plus were prepared. 10 hours plus of raw  film material is 
available on the MadeByKids website (www.madebykids.at). 

Observations. In several of the first, second, and third 
workshops, researchers from the University College of Teacher 
Education in Vienna and the University of Vienna, participated 
as facilitators and observers. We made notes and, later filled a 
structured form that was adapted from [21] by one of the 
researchers. The focus was on capturing the workshop setting 
along with the teacher-pupil interactions in order to allow for 
subsequent analysis [22]. On the whole, seven forms were 
filled out and their evaluation serves to spot essentials and 
improve follow up workshops. 

IV. EXPERIENCES AND FINDINGS IN LIGHT OF THE FIVE PHASES 
OF THE ACTION RESEARCH CYCLE 

A. Diagnosing  
So far, the Austrian school system has foreseen computer 

science education as a compulsory subject only in grade K9. 
This is in discrepancy with the EU’s recommendation to start 
education in digital literacy from early age and mastering the 
basic concepts by age 12 (K6) [2]. Furthermore, digital literacy 
education needs to include the principles and practices of using 
technology effectively and ethically, and to appeal to both boys 

http://www.madebykids.at/


and girls. Hence, the MadeByKids project was designed to 
investigate how education promoting computational thinking 
[23] and 21st century competences in an engaging way could be 
fit into the traditional Austrian school system. 

B. Planning  
Once the idea was born, energy levels were high to put the 

project into practice. Within three months (!), the industrial 
partners and 17 schools were found whose principals agreed to 
host three half day workshops at grades K2 – K6. All 
participating principals and teachers were invited to the 
project’s kick-off workshop and focus group. The University of 
Vienna and the University College of Teacher Education 
Vienna agreed to research the MadeByKids intervention 
despite the very modest size of funding they could acquire in 
the short period. Personal learning and presence in the field 
were the major motivators to accompany and research the 
intervention and gain competences for a larger, sustainable 
follow-up project.  

C. Action Taking 
The Future Classroom Challenge as Sample Scenario. 

Children were asked to design their “Classroom of the Future”. 
Small teams of children were formed to reflect on their current 
classroom situation and identify learning needs and ideas for 
improvement. Thereby, kids engaged in creative thinking 
processes and could refine their social-, team- and 
communication skills. In addition, they were challenged to 
engage in computational thinking and coding by working with 
digital technologies to create digital prototypes of their future 
learning environment. The challenge is analyzed in detail in 
[24]. 

The workshops. The learners - about 320 children from K2 
to K6 from 17 schools, 55% boys, 45% girls - participated in 
three approximately three-hour workshops that were designed 
by adapting SDTMfK and employing digital technologies for 
designing and coding prototypes.  

In the first workshop, teams of up to four children built 
models of their current learning environment, using wooden 
blocks. These models were then used to determine major 
qualities as well as areas for improvements and possible 
solutions, which were collected on sticky notes. Thus, learners 
considered what a classroom would have to offer in order to be 
most suitable for future learners. Afterwards, the teams were 
again asked to build a material model/prototype of the future 
place to learn, incorporating their improvements and future 
learning needs. In a final step, all material models were 
presented in front of the whole class.   

The second workshop was dedicated to transforming the 
material model and the ideas from the sticky notes into a new 
digital three-dimensional prototype by using Minecraft 
Education Edition ™.  Prior to coding, the teams of four were 
asked to quickly review their previous models such as to allow 
them to bring in more new ideas inspired form sharing with 
others. Furthermore, the teams roughly coordinated how they 
wanted to build the model together, because both teamwork 
and a strategic plan were necessary to finish their projects on 
time. After a brief introduction of Minecraft Education Edition, 

the team-members collaborated intensively face-to-face and 
online to implement their digital prototype of a future learning 
environment and to present their outcome. 

In the third workshop the teams prepared presentations in 
form of interviews, which were then filmed in front of a green 
screen. All teams received feedback on their performance from 
their peers, the facilitators and sometimes the teacher. This led 
them to identify some crucial aspects of giving good 
presentations, which were tried to be put to practice when 
giving the final interviews in front of a green screen. 

Adapting the Stanford Design Thinking Method. 
SDTMfK’s five steps were approached in the workshops as 
follows.  

1. Empathizing. Since children were both designers and 
users of the future classroom, they did not empathize with 
some external users but rather reflected upon their own needs 
and wants and empathized with their peers. This simplified 
variant of the empathizing phase happened in the first 
workshop and when building their digital prototype in the 
second workshop. 

2. Defining. Using the sticky notes, the teams defined their 
areas of improvement, i.e. aspects of the learning environment 
that needed to be changed to better children’s current and 
future needs. 

3. Ideating. First, children sketched solutions to previously 
defined problems on sticky notes before implementing them 
into their initial, material prototypes. Second, they came up 
with further ideas while presenting and listening to others’ 
presentations in the first workshop.  

4. Prototyping. The children performed this step when they 
build the material prototype in the first workshop and the more 
elaborated, digital one in the second workshop.  

5. Testing. Testing was reduced to the teams presenting 
and critiquing their solutions in class and, finally, presenting 
them to a more public audience (i.e. final video clip) with 
watching their test-videos before producing the final ones. For 
each presentation, feedback was provided by their classmates, 
the MadeByKids team, and sometimes the teacher. However, 
the children were not able to use the received feedback to adapt 
their prototypes due to the limited timeframe. Nevertheless, 
with the simplifications mentioned, all five phases of the 
Stanford Design Thinking Method were passed and to some 
degree even visited twice, once for producing the material 
prototype and once for creating the digital one. 

Outcomes. From the numerous aspects that children had 
considered in their digital prototypes, we pick five to illustrate 
the creative solution space.  

Every team included sports activities in their models, for 
example climbing walls, swimming pools, spring boards, 
football fields or trampolines. This suggests that the need of 
being active is considered an important part of children’s life. 

Being in nature and with animals seemed to be crucial as 
well. The children did not only place plants indoors and design 
outdoor spaces for their learning environments, some even 
wanted their schools to be surrounded by nature, e.g. on a 



mountain, in a large grass field or next to a lake. 15 out of 23 
teams also wanted to learn with animals surrounding them. 

Children welcomed the availability of technologies such as 
computers or tablets. Some pupils included robots in their 
vision of the future classroom. They were either used as a 
learning aid or even at times replaced the teacher. 

Most pupils appreciated features that personalize their 
learning environment. They included poster boards, couches 
for relaxing, cozy reading corners, and the use of colors for 
creating a friendly atmosphere. Interestingly, all teams enlarged 
the space available, suggesting that classroom size was 
considered important.  

Overall, the classroom space was hardly ever designed just 
for learning purposes. Every model had some features that 
were more focused on the aspects of students’ lives such as 
sport activities, cinemas or areas for relaxing. Thus, children 
appear to have incorporated the modern notion of functional 
zones that industry is implementing in modern enterprises to 
better accommodate the need of multi-purpose office spaces. 
To sum up, the children valued personalized, technology-
enhanced learning environments with comfortable furniture, 
surrounded by nature and facilities for sports and socializing. 
For an illustration of results visit www.madebykids.at.  

D. Evaluation 
The teachers’ survey: demographic data. In total 16 out 

of 19 participating teachers submitted the pre-test – and 13 the 
post-test questionnaire. 19% of the participating teachers were 
male, 81% were female. One person was under 25 years of age, 
three were between 26-35, five between 36-45 and eight older 
than 45. The work experience varied a lot between teachers, 
ranging from two years to 35 years, with six teachers having 
taught less than 10 years, six teachers between 10 and 30 years 
and three teachers more than 30 years. 

 
Fig. 1 Teacher-role-pre: Which role will/did you play during the workshops? 
n-pre=16, n-post=13 

Teachers’ role during workshops. In one of the first 
open-ended questions in the pre-test questionnaire, teachers 
were asked which role they intended to play in the workshop. 
The symmetrical question in the post-test questionnaire elicited 
responses to the questions which role a teacher actually played 
during the workshops. The categories formed from the 
responses are given in Figure 1. Interestingly, most teachers 

took on the role they had intended to play, whereby the 
majority of teachers wanted to play a more active role like 
being a facilitator (about 30%) or custodian (about 20%). 
About one quarter of the teachers preferred and actually played 
the less active role of being an observer. Intriguingly, just two 
teachers responded that they expected to learn something new 
themselves, amongst others. For example, one teacher wrote 
that s/he wanted “to learn and at the same time facilitate” 
during the workshops. 

Positive features. The question “What did you like about 
the workshops?” gave rise to the following response categories 
and frequencies of statements falling into the respective 
category. Teachers liked: 

• Materials: 4 out of 20 statements 

• Structure and organization of the workshops: 3 out of 
20 statements 

• Promotion of creativity: 3 out of 20 statements 

• 10 out of the 20 statements referred to features 
mentioned once or twice, such as naming one of the 
facilitators, frequent presentation, or phases of 
experimenting for pupils. 

Some sample quotes were: “Well scheduled opportunity of 
including digital opportunities.”; “The rich materials in the first 
workshop and the technical effort in the second and third 
workshop; the creativity of the children and the collaboration in 
the groups, the implementation via Minecraft.”  

Issues to be improved. Complementary, the question 
“What did not appeal to you regarding the workshops?” let us 
come up with the following response categories and associated 
statements-frequencies. Teachers did not like: 

• Organizational issues: 5 out of 14 statements 

• Concept, communicative and pedagogical issues: 5 out 
of 14 statements 

• Too little time: 3 out of 14 statements 

• Nothing: 1 out of 14 statements 

• Four teachers left the response field blank 

For example, a teacher shared: “That a synchronous start of 
all children with Minecraft did not work, that during the third 
workshop some children had problems presenting despite 
frequent practicing, and that a pupil didn’t want to participate 
in the second and third workshop.” Another teacher described 
his concern about too little time: “The time to implement the 
concept was too short; there was enough time during the first 
workshop, however time was missing in the third workshop. It 
should be planned differently such that children wouldn’t need 
to sit quietly for such a long time.” 

These responses illustrate the prevalently constructive 
effort of teachers to provide helpful feedback for improving a 
grossly well-received workshop offering. 

Impact on teachers’ future teaching. In order to find out 
whether teachers might be inclined to change something in 
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their own way of teaching, we asked the following two closed-
ended questions:  

i) Should pupils solve concrete challenges in teams more 
often? Here, seven teachers (54%) answered this with “yes”, 
one (8%) teacher with “no”, two (15%) were indifferent about 
this question and three (23%) gave no answer. 

ii) Do you think you are going to use electronic devices 
(smartphone/tablet/computer) in category more or less often? 
Here four teachers responded with “more” and nine teachers 
with “the same amount as before” and no teacher answered that 
he/she would use them less. Intriguingly, a distinctly larger 
number of teachers (9 versus 4 out of 13) wanted kids to solve 
challenges in teams rather than increase their use of digital 
media in category. This leaves us with an open question as to 
the implication of these findings.  

Were teachers’ expectations fulfilled? In sum, when 
being asked whether the workshops had met their expectations, 
most teachers (9 out of 13 who had returned the questionnaire) 
responded affirmatively. Two said “in part” and two said “no”. 
The two teachers whose expectations had not met did not 
provide any explanation. Teachers whose expectations were 
fulfilled wrote, for example: “I had expected three innovative, 
exciting workshops, this came true”. Another teacher shared: ”I 
liked it very much and anytime I would enroll in such a project 
again. Nevertheless, in my view three workshops do not suffice 
to cover such a complex topic.” 

Interestingly, data indicates a parallel in the teachers’ and 
pupils’ perceptions regarding their responses to the question 
whether they would recommend participation in the workshop-
series to friends or colleagues. In this regard, 68% of the 
youngsters would want their friends to participate in a similar 
project [5] and 8 out of 12 teachers would recommend the 
workshops to their colleagues.  

Focus groups with teachers. While the opening focus 
group took place during the projects’ kick-off meeting and 
served to inform all stakeholders about the MadeByKids 
project, only the truly engaged teachers attended the closing 
focus group at the end of the schoolyear. Feedback on positive 
aspects, written on sticky notes and attached to a flipchart 
sheet, included: Fun while learning, team spirit, collaboration 
and presentation as well as innovative character (“new”) of the 
project. 

Negative aspects pointed out included: Lack of time for 
exchange between project team and teacher before the sessions, 
not enough time for delivering the results, and fears/worries 
regarding the lack of sustainability of the project – without the 
digital tools used in the project (laptops, tablets, robots, 
micro:bits, etc) teachers can not duplicate the format. However, 
it has been stressed that particular aspects of the project, such 
as the focus on presentation, more teamwork, and the 
challenge-solving style of assignments can and will be 
replicated and, thus, sustained.  

When asked if teachers could imagine using the technology 
in the classroom, the prevalent answer was: “Yes definitely, but 
it needs to be financed and, for the first 2-3 sessions, a coach 
who might help in difficult situations is needed.”  

Observation, interaction and video analysis. This item 
denotes ongoing analyses. Results are being interpreted in the 
context of the method- and subject-triangulation of the whole 
study. The capture of observation and videos of kids’ emotions, 
classroom set up and concrete results enables further insight 
into the project’s impact and allows one to delve deeper into 
particular research questions in later stages of analysis. One 
important use of the video material was to provide it to various 
stakeholders and ask for their feedback; this is summarized 
below. 

Stakeholders’ views. Political figures and educational 
experts were provided with the workshops’ videos and asked 
for feedback to be given to the participating children during the 
“Digital Days 2017” event. Some notable statements include 
the feedback of the representative of the Ministry of Education, 
who was moved by the kids’ motivation to work on the 
challenges and the multitude of solutions found. The CIO of 
the city of Vienna emphasized the children’s capability to 
empathize, detect the right problem and generate ideas. A 
professor from the Automation & Control Institute of the 
Vienna University of Technology stated that each child would 
have in him- or herself an innovator and she told the children to 
never let this inner innovator go away. Finally, a leading figure 
of the Vienna Business Agency noted that she liked to see how 
much fun the children had while working so hard and she 
expressed her hope that - due to the children’s enthusiasm - the 
world should improve with several exciting jobs available. All 
these statements of leading figures indicate the positive public 
notice of the MadeByKids project and express that the project 
achieved something extraordinarily valuable. 

E. Specifying Learning  
Observing the working process brought valuable insights. 

Below we summarize outstanding issues and refer readers to 
the detailed analysis given in [24]. In class, it soon became 
apparent that the teams felt at ease with using the digital tools 
such as Minecraft Education Edition™ or LEGO Education™. 
Children who were already familiar with using a computer 
and/or a tool had a slight advantage over the ones with no such 
experience. However, this did not significantly impact the 
quality of the prototypes. What affected the outcome more was 
the children’s ability to work as a team: Teams who discussed 
their activities and shared their workload produced more 
elaborated prototypes! 

Consequently, the learners did not seem to have problems 
acquiring digital competencies, while a lack of teamwork skills 
might have affected the projects. A similar observation 
concerns pupils’ presentation skills. Even though presentations 
were used at various stages in the working process and students 
received rich input on how to present in an engaging way, most 
teams still struggled to do the final presentations. These 
observations “ring the bell” indicating that teamwork, 
communication, and presentation skills might require at least as 
much attention as digital ones in order to let children acquire 
the competences needed in the 21st century [11]! From all 
further findings, we list a few particularly relevant ones: 

• Surprisingly (for teachers), kids who used to be passive in 
school were truly engaged, asked questions, and joined in. 



• SDTM as design guideline, the challenges, and the digital 
prototyping proved highly appropriate. Our experience 
points to adapting some details in the workshop design. 

• Everybody sitting in the circle on the floor while 
exploring something new and interacting had a highly 
positive effect on the atmosphere: It radiated trust, 
sparked ideas, and signaled inclusion. Providing physical 
and social space for encounters does make a significant 
difference!  

• Taking time and caring for organizational issues, 
preparing teachers, making sure technology is available 
and works reliably must not be underestimated. 

• Presence of researchers in the field sparks ideas and rich 
learning. 

• Well-equipped classrooms with sufficient space definitely 
are an advantage, but any benefit from equipment hinges 
on how it is used and, hence, on the teachers’ capacities. 

• Workshop documentation, questionnaires, video material, 
and observation sheets proved to be very useful for 
illustration, promotion, and research. It is helpful to have 
them. 

V. DISCUSSION AND TRANSITION TO THE SECOND ACTION 
RESEACH CYCLE  

A. Limitations of the study  
Due to time constraints and the fact that the educational 

intervention per se took precedence over precise research, our 
study comes with a number of limitations. First, it needs to be 
noted that the percentage of school types was not balanced and 
the evaluation of questionnaires did not (yet) distinguish 
between grades (K2 – K6 were evaluated together) and school 
types. Also, schools were not selected randomly but based on 
the criterion of obtaining a representative sample. Based on 
participants’ networks, inquiries to school principals helped to 
put together the sample in the short time we had. Second, some 
teachers/classes were severely challenged because the majority 
of pupils did not speak German well. In one school just two out 
on 25 pupils had a good command of German! Third, no 
precise protocol for filling out questionnaires was foreseen. 
They were distributed to teachers before the first and after the 
third workshop with the kind request to fill them out. 

Despite these limitations, our research showed strong 
tendencies in the issues we researched and can, thus, provide 
valuable orientation in the field and for follow up projects. 

B. Implications for the  2nd Action Research Cycle    
Diagnosing. In line with the recommendation at the 

European level [2], Austria has introduced “basic digital 
competences” as mandatory subject at K5 - K8 level (with 
about 60 – 120 hours in sum). It spans eight competence areas 
to be taught separately or integrated into other subjects. 
Evidently, our experience during the MadeByKids project was 
eye-opening for designing offerings for facilitating “basic 
digital competences”. At the same time, we realized that there 
was a severe lack of qualified teachers for this new subject as 
well as for promoting further 21st century skills such as 

problem solving, collaboration, creativity, communication, 
critical and appreciative thinking, and empathy [25]. Hence, 
respective offerings in teacher education as well as life-long 
learning are needed. Utilizing challenge-based learning and 
SDTM would be essential to let teachers experience this 
innovative, engaging style and motivate them to take the “risk” 
with their pupils. 

Collaboration between the DaVinciLab, University of 
Vienna and University College of Teacher Education in Vienna 
will be crucial to join forces in this exciting pedagogical 
enterprise. 

Action planning. MadeByKids threw some light on 
distinguished features that will orient future educational 
offerings. These include: 

• More self-directed learning with more responsibilities for 
the learners and the group; 

• Learning on the social, personal, motoric and digital level 
can go hand in hand and should take precedence over 
information transmission in lectures; 

• Challenge-based learning is well apt to promote teamwork, 
empathizing, asking questions, specification, construction 
of material and digital prototypes, resolving conflicts, 
computational thinking, presenting, giving and receiving 
feedback, and powerful learning through correcting errors;  

• Multiple perspectives on the problems and ideas become 
apparent, leading to more flexible and open mental models; 

• Pupils take on multiple roles. Besides being designers, 
listeners, constructors, and presenters, they are peers, 
giving and receiving feedback on the work of others; 

• Learning from “mistakes” or, more precisely, from 
personally feeling that some aspects could be improved 
tends to be a strong force in learning, if the communicative 
and error culture in the group acknowledges the impact of 
such learning. 
We consider these features as sustainable building blocks 

resulting from the MadeByKids project. They will flow into 
our upcoming educational projects, regardless of their 
particular architecture. For instance, the next project is a youth 
hackathon, focusing on girls at K5-K8 grades, as we observed a 
strong gender gap starting at about K5. Learners will be asked 
to build an app or a game of their choice, visit high schools and 
meet female role models working in ICT companies. 

VI. CONCLUSIONS  
To summarize, participatory action research as overall 

research framework proved to be very helpful in reflecting 
upon the MadeByKids intervention from multiple perspectives. 
As authors, we hope that our rich experience with challenge-
solving workshops following the Stanford Design Thinking 
Method for Kids provides inspiration and learning for like-
minded educational innovators in schools, universities and 
enterprises. For sure, we need mindful innovators to directly 
pass on their skills, knowledge and practice to the new 
generation of teachers and/or pupils. We are happy to receive 
your feedback, questions or inquiries for collaboration. 
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