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Different pedagogical 
models using tech
Case of STEAM Programs Using Arduino
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source: Cuartielles, Goransson - 2011
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https://docs.google.com/file/d/1De9Et78-43t8xUYdbLP6L35Ta8A1y8zF/preview
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source: kylebean.co.uk
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IxD is a discipline 
looking at the 
interaction between 
[non] humans by means 
of digital artifacts  
[products and services].
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IxD is well-established

● There is both professional and academic development possibilities 
when taking the IDM.

● All IT companies hire interaction designers.

● More and more product-centric companies incorporate IxD.

● There is plenty of academic literature in the field.

● The discipline is linked to others such as psychology, engineering, 
sociology, product design, fine arts, etc.
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IxD @MaU

● Programme existing since 1998.

● Exists both at BSc. / MSc. / PhD. levels.

● Alumni at all relevant sectors of the industry, but also within many 
of the main academic institutions world-wide.





Copyright free usage by Ergonomidesign at Wikimedia

https://en.wikipedia.org/wiki/Veryday#/media/File:Sas_Cofee_pot_hand_holding_pot.JPG


CC-BY-SA 3.0 by Christos Vittoratos at Wikimedia

https://commons.wikimedia.org/wiki/File:Stelton.jpg#/media/File:Stelton.jpg


Ehn, P. (1997). Quality-in-Use - educating the reflective designer. Ergonomie’97.
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But this talk is about …
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… pedagogical models (and reflections)

● Different ways of approaching technical materials in class.

● Mixing technology with other materials.

● Maximising outreach.

● Thinking about limitations.
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People put 
platforms to use  to 
learn and create 
things.
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The same way we were 
teaching, other teachers 
decided to use this 
platform for STEAM 
teaching.
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STEAM: Science 
Technology, 
Engineering, Arts, and 
Math 
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STEAM has taken off.

● Many public institutions in the field of education are using the 
so-called STEAM activities as a way to inspire the younger 
generations into pursuing science or technical studies.

● STEAM includes arts & crafts, creative technology, robotics, 3D 
printing, web programming, etc.

● Associated with it, pedagogical approaches such as PBL, 
constructionism, etc.
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STEAM’s academic references.

● If you want to know more, you should read about Constructionism 
by Pappert, Resnick and others.

● You should also look at Freire and his theories around the 
pedagogy of the oppressed.

● Furthermore, you might want to explore aspects of group work (i.e. 
Social Constructivism), collaboration vs. cooperation, etc.
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Case # 1: 
IBERCIVIS Foundation, 
Spain
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Format

Problem 
definition

Call for 
applications 

Team 
selection

Technical 
introduction

Project 
building Launch Report
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Main characteristics

● Informal education (some schools manage to bring it in)
● Off-the-shelf components, each team different
● Limited group size
● No theoretical component (there is, but it falls on the schools)
● Project Based Learning
● Complex logistics
● Duration: months, variable
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Case # 2: 
Creative Technologies, 
Spain
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https://docs.google.com/file/d/1d8i5PWDcBRzqu8Hi7l-p_wg3eFmeNOM5/preview
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Format

Selection of 
schools

1 week 
teacher 
course

8 weeks / 
4 areas of 
work

10 weeks 
project 
building

Exhibition Report

2 weeks: 
Processing

2 weeks: 
Sensors

2 weeks: 
Actuators

2 weeks: 
Comms.
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Main characteristics

● Co-designed with teachers at regional scale
● Specially designed kit
● Reached out to the whole of Spain after 5 years
● Project Based Learning
● Formal education
● No assessment mechanism provided
● Not every school is ready to replicate this (estimated 60%)
● The final goal has a big effect on the students
● Duration: months, fixed
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Case # 3: 
PELARS, EU



 Cuartielles - 2023 Cuartielles - 2023



 Cuartielles - 2023 Cuartielles - 2023



 Cuartielles - 2023 Cuartielles - 2023



 Cuartielles - 2023 Cuartielles - 2023



 Cuartielles - 2023 Cuartielles - 2023



 Cuartielles - 2023 Cuartielles - 2023



 Cuartielles - 2023

Format

Introduction Design brief Project 
building Exhibition
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Main characteristics

● Experimental [research] setup
● Blended electronic materials with crafting ones
● Full classes would come to test
● No theoretical component, and no previous instruction
● Project Based Learning
● Duration: 1 hour to final result



 Cuartielles - 2023 Cuartielles - 2023

Case # 4: 
Cardboard workshop, 
Malmö, Sweden
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Format

Introduction 
to 
prototyping

Basic intro 
to Arduino

Program 
HID device

Basic intro 
to Scratch

Project 
building Exhibition

Monday Tuesday Wednesday Thursday Friday
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Main characteristics

● Blends low cost materials (considered a design quality)
● Off-the-shelf microcontroller boards
● Ran at the beginning of the education programme (thus no experience required)
● Project Based Learning
● Formal education
● Assessment: functioning project, presentation, participation in the module
● Duration: one week, fixed
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Case # 5: 
Etopia KIDs, Zaragoza, 
Spain
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Format

Introduction 
to robotics

Basic intro 
to Arduino

Intro to 
sensors

Intro to 
motors

Project 
building Challenge

Week 1 Week 2
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Main characteristics

● Blends low cost materials (considered a design quality)
● Kit specifically designed for the occassion
● Summercamp
● Project Based Learning
● No assessment
● Duration: two weeks, fixed

Note: the kids kept the robots, since there were over 80 robots distributed, this had the side 
effect of creating a small community of roboticists that would meet monthly
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Case # 6: 
Aguascalientes al 
Espacio, AGC, Mexico
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Format

Problem 
definition

Call for 
applications 

Team 
selection

Weekly 
courses

~ 8 weeks 
project 
building

Launch Report

Arduino

Remote lab



 Cuartielles - 2023 Cuartielles, Fajardo - 2023

Main characteristics

● Informal education (some schools manage to bring it in)
● Off-the-shelf components, all teams share a lab
● Limited group size
● Theoretical component from an external source
● Project Based Learning
● Complex logistics
● Duration: months, variable
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What is the impact of 
the Arduino platform in 
teaching? Does it help 
students learn about 
embedded technology? 
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We got an opportunity through a third party.

● Electronic Cats is an SME based in Aguas Calientes, MX, dedicated 
to the design of small electronic products (hardware, firmware) 

● Furthermore, EC design and implement experimental education 
experiences in STEAM for the regional government.



https://docs.google.com/file/d/1LlIy7chKcLHxaZ77rV-9CYhD3R0Ovuc2/preview


https://docs.google.com/file/d/1fjV1VevwjyrKRJOk_4R5LWQ4WCGzrEP8/preview


https://docs.google.com/file/d/1ZDpYb3QTqgAZceaPTuWIV4MmlyCc2dkR/preview


https://docs.google.com/file/d/1kuy6yKJxq3O_fGddshZtuwcappe6HhF8/preview
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Aguas Calientes al Espacio edition 2022.

● In this activity, EC created a remote farming laboratory, where the 
different schools could time-share a robotic farm where to grow 
vegetables. They simulating a future remote-farming scenario in a 
different planet.

● For students and teachers to participate in this project they had to 
be introduced to a series of complex concepts in embedded 
technology, programming, design, building, etc.



https://docs.google.com/file/d/12a8DSkSapWxoJvBUkqP1h_ebCX_ZMOfG/preview
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Schools, teachers and students.

● This project reached out to a group of 14 schools in the region of 
Aguascalientes, MX.

● Each school joined the initiative with one team of 8 to 11 students.

● Students in the team would join by their own will, no selection 
mechanism was applied for the students (as a rule).

● It is likely that students adopted roles at the time of working with 
the project.
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The learning process.

● Participating in the project implied participating in a series of 
lectures and events to introduce teachers and students to the 
materials.

● Teams were expected to conduct an experiment (all teams had 
access to the same tools), document it, and present it.

● The teams’ progress was followed using rubrics.



School team forming

Lectures with experts

Introduction for students

Land station

Laboratory on distance

Astro-botanics

Data from pico-satellites

Improvements

On-capsule recording
Exiting survey

Final report
Presentation

Technical demo



Cuartielles - 2023

The survey process.

Teacher 
Education

Student 
Education

Project 
Building

Report and 
Presentation

First student survey Second student survey
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Our experiment.

● Great opportunity for us to measure the learning process by 
implementing a pre-post measuring point and to compare the 
knowledge on relevant concepts before and after the activity.

● Our goal is to determine whether this kind of STEAM activity can be 
considered as a good learning mechanism. 

● In particular, whether it affects students’ knowledge and 
competence in skills related to STEAM components.
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Research questions

1. Does students’ self-reported knowledge of STEAM tools change 
after program implementation?

2. Does students’ actual STEAM competence change after program 
implementation?

3. Which STEAM skills improve more after program implementation?
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Study design: Pre and Post STEAM program survey

● Participants: 47 students (16 females, 31 males)

● Age: 17 (16-19)

● Stage: Secondary school

● Schools: 14 different schools of Aguascalientes (Méjico)

● Digital accessibility: 100% reported access to Internet at home or 
via Smartphones and 92% reported access to a PC at home.



Cuartielles - 2023

The STEAM survey: Structure

● Part 1_Consent form and Demography

● Part 2_Self-reported STEAM knowledge

● Part 3_Test of STEAM knowledge

----

● Two Phases: Pre and post

● Two versions:  Students and Teachers
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Self-reported STEAM knowledge
● Students rated their knowledge of 41 tools using a 3 point likert scale:  

              0=“I don’t it, 1= I know it”, 2= “I use it”

● The 41 ítems were grouped in 9 categories. 

● Scale reliability measured with Cronbach’s alpha = .93 (p<.001).



Cuartielles - 2023

Self-reported STEAM knowledge



Cuartielles - 2023

Self-reported STEAM knowledge
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Self-reported STEAM knowledge
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Self-reported STEAM knowledge
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Self-reported STEAM knowledge
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Self-reported STEAM knowledge
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Self-reported STEAM knowledge
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Self-reported STEAM knowledge
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Test of STEAM competence

● Participants answered 19 multiple choice questions grouped in 3 
categories:

● Measure: Percentage of correct answers per category
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Test of STEAM competence

● Participants answered 19 multiple choice questions grouped in 3 
categories

Measure: Percentage of correct answers per category
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Test of STEAM competence
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Conclusions & further work
● Does students’ self-reported knowledge of STEAM tools change after program 

implementation?

○ Yes, students self-reported higher knowledge after

● Does students’ actual STEAM competence change after program implementation?

○ Yes, students showed higher STEAM competence after

● Which STEAM skills improve more after program implementation?

○ Robotic and Communication

○ Is Electronics more difficult?, should be the program be improved to strengthen 
electronic?

○ How can “art” competence be measured?
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Let’s wrap this up 
in style.
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Findings on Spaces



 Cuartielles - 2023 Cuartielles - 2023



 Cuartielles - 2023 Cuartielles - 2023



 Cuartielles - 2023 Cuartielles - 2023



 Cuartielles - 2023 Cuartielles - 2023

Findings on Spaces
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List of open questions to consider

● How do you deal with classes operating at multiple speeds?

● In the EU we follow an educational standard based on the Bloom’s taxonomy (LOs), 
assessments, and class activities … how about the rest of the world?

● Which are your expectations and how do those align with the ones from the 
students?

● Affordances ⇔ limitations, which are the ones you have detected?

● Repetition: is it acceptable to you? What about the innovation aspects?

● Online vs. Offline
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List of open questions to consider

● Languages (not pogramming, but the other ones)
● Labs vs. personal kits: when and where?
● Kits vs. toolboxes: what is best?
● AI specific: dependency layers (C-NN-platforms)
● Guided vs. exploratory courses
● What is left when novelty has wear off?
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There will always be 
people looking into 
creative uses of 
technology.



ROBOTIC HANDS
REPLACE THE PHOTO AND NOT THE BORDER. RESIZE SO THAT IT FILLS THE SPACE. DO NOT WORRY ABOUT THIS 

AREA. IT WILL BE CROPPED OFF DURING THE PRESENTATION. YOU CAN CROP IF YOU KNOW HOW.

4 POKEMON GO
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Thanks 󰠈󰳐
for coming by!
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