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Background – The Project 

To generate a sustainable increase in the percentage of 

students starting a career in a STEM (Science, Technology, 

Engineering, Mathematics) related field, the Institute of 

Innovation an Industrial Management (IIM) at Graz 

University of Technology became a member of the “Phablabs 

4.0” project in May 2016. With the backing of the European 

Commission and a funding from European Union´s “Horizon 

2020” Research and Innovation Program [1] a positive and 

lasting impact on the integration of Photonics, as one of the 

Horizon 2020 key enabling technologies, in education should 

be created. Therefore, a group of experts from 11 institutes, 

with a focus on photonics, in cooperation with 14 FabLabs 

and Makerspaces all over Europe formed 11 partner teams. 

They developed a comprehensive suite of 33 workshops and 

11 project formats to create a positive perspective for a career 

in a technical field. Together with the Institute for Surface 

Technologies and Photonics at the Joanneum Research 

Forschungsgesellschaft mbH (JR) the IIM formed one of the 

photonics partner teams in the project. The cooperation of 

each team allowed combining the profound knowledge in 

photonics of the research partner with the prototyping and 

creativity skills provided by and in a FabLab/Makerspace. 

This allowed a close cooperation during the implementation 

of the project, to realize a straightforward project progress 

with rapid design, development and prototyping processes. 

Fig.1 shows the locations of the partners all over Europe. 

 
                    Nations        Cities 

Fig.1 Phablabs 4.0 consortium partners – nations and locations [1] 

 

Objective and Purpose 

Three different target groups (young minds 10-14 years, 

students 15-18 years and young professionals/technicians) 

were classified to tackle their motivation to follow a STEM 

related education. The awareness about the different unique 

characteristics of light should be aspired for the young minds. 

For students enhanced skills about photonics and general 

makerskills should be teached and demonstrated. In case of 

the young professionals, it is mainly aspired, to make an 

innovative environment available, enabling to design and 

develop new products based on photonics. Additionally 

Phablabs 4.0 pays attention on a gender-balanced approach to 

achieve a sustainable increase of women in STEM. 

 

Methodology 

Phablabs 4.0 enabled the development of 33 workshops 

linked to 11 various topics in the context of Photonics to give 

young people a glimpse into a STEM related career. Each 

workshop represents an easy to solve problem for students, 

using lasers and photonics or the technology around the 

emission or manipulation and detection of light. The 

following 11 topics were considered: 

 Photonics meets life 

 Polarization 

 Driving the light around 

 Raspberry Pi: firing and catching photons 

 Secret messages revealed by light 

 Lasers and hologram 

 Photonics in lighting 

 Photonics meets new structures 

 Lenses for optical images 

 Laser meets digital fabric printing 

 Photonics meets textiles 

 

During the development phase, each partner team focused on 

one of the listed topics and delivered 3 workshops, one for 

each target group. For the design and later on for performing 

the workshops some general conditions had to be met: 

 The workshops should be able to be prepared and held 

in every FabLab or Makerspace.  

 Each participant should build his/her own prototype 

he/she can take home after the workshop. 

 The costs for the participation including the prototype 

needed to be kept lower than €30 per participant per 

workshop. 

 The workshops should be able to be performed in less 

than half a day. 

 A successful performance of a workshop should be 

able with groups up to 25 participants. 



 

 

 

After a first testing phase, pupils from local schools were 

invited to attend the workshops in the Makerspaces. Each test-

run of a workshop has been started and ended with a feedback 

form to collect data for the first iteration process to improve 

the workshops and prototypes. In the third phase, a cross 

testing and improvement of the created workshops of all 

partner teams took place. Each partner team was instructed 

with six workshops developed by different partners to 

perform them locally and to run a further iteration.  

As an advancement of the workshops for ambitious students, 

also 11 so-called “Challenger Projects” were developed. 

These projects run through the same three development 

phases as the workshop formats but had some different 

conditions to fulfill. The challenge should be able to be done 

as a one-man or as a team project over a period of up to 3 

months. The budget is limited to €160 per project and should 

allow to invent creative and innovative solutions on specific 

subjects linked to Photonics as stated below: 

 Objects for holography/lighting units for holograms 

 Photonics and design for a comfortable home 

 Light sheet imaging 

 Build an invisibility cloak 

 Sound with light 

 Intelligent traffic light 

 Hidden image light board 

 Solar oven 

 Scan our object directly into memory 

 Greenhouse for home with Photonics 

 Smart Lamp 

 

The final versions of all instructions, manufacturing data and 

program codes are published on the webpage of the project 

(www.phablabs.eu), to provide the photonics experience to 

other FabLabs and Makerspaces but also to schools and 

teachers, all around the world, to perform a workshop 

additionally to their daily routine. 

 

Workshop Examples 

Three Prototypes, one for each target group, of the developed 

workshops are shown in Fig.2. The picture frame from the 

workshop “Pictures with lenticular paper” which is conceived 

for the young minds target group is seen on the left. The 

participants create a picture with the illusion of depth using 

the technology of lenticular printing in combination with 

lenticular lens paper. The outcome of the workshop “Wi-Fi 

controlled LED color mixing” targets the group of students. It 

is a box with three high power LEDs in the colors red, green 

and blue which can be controlled via a Wi-Fi connection (e.g. 

smartphone). The learning goal of this prototype is the 

understanding of the RGB-color mixing, used in nearly every 

display. With the “Electromagnetic Interference (EMI) 

detector” (Fig.2) a slightly more complex prototype for the 

young professionals was designed. The handheld 

measurement instrument is able to detect electromagnetic 

waves with frequencies lower than 2 GHz. This allows e.g. to 

find leakages of a microwave oven or to detect the data 

transmission of a smartphone. [1] 

 

 
Fig.2 Selected workshop prototypes – from left to right: lenticular paper, 

Wi-Fi controlled LED color mixing, electromagnetic interference detector 

 

Conclusion and Outlook 

Participating in one of the workshops or projects wasn’t only 

a field trip for a school class, furthermore it gave an outlook 

in a STEM career, especially for the pupils. During  

Phablabs 4.0 project more than 3000 students (41% women) 

attended a workshop or challenge all over Europe. Each 

workshop included a feedback form before and after a 

workshop. Fig.3 shows the change of the participants’ view 

of planning to start a study in a STEM related field before and 

after the participation. The data is separated for boys and girls. 

For both genders an increase of planning a STEM related 

study after the age of 18 is noticeable. The interest of boys 

before is already higher than the interest of girls, but the 

increase of girls motivation after the photonics activity is with 

17% apparently higher than the increase of boys motivation 

with 11%. 

 
Fig.3 Change of the participants’ view of planning to start a study in a 

STEM related field before and after attending a workshop [2] 

 

The Phablabs 4.0 project ended in May 2019. The gained 

knowledge base about photonics and the development and 

access to the workshops present a useful addition for the IIM. 

During the project, the possibility of attending a Photonics 

workshop or project was established at local schools. Finally, 

this led to a waiting list of classes and motivates all involved 

parties to follow up with the program to increase pupils 

interest in starting a STEM career. 
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